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Abstract Ingestion of geophagic materials might

affect human health and induce diseases by different

ways. The purpose of this study is to determine the

geochemical composition of geophagic material con-

sumed especially by pregnant women in Onangama

Village, Northern Namibia and to assess its possible

health effects. X-ray fluorescence and inductively

coupled plasma mass spectrometry were used in order

to determine the major, and trace elements as well as

anions concentrations of the consumed material. The

geochemical analysis revealed high concentrations of

aluminium (Al), calcium (Ca), iron (Fe), magnesium

(Mg), manganese (Mn), potassium (K), sodium (Na),

and silica (Si); and trace elements including arsenic

(As), chromium (Cr), mercury (Hg), nickel (Ni) and

vanadium (V) as well as sulphate (SO4
2-), nitrate

(NO3
-), and nitrite (NO2

-) anions comparing to the

recommended daily allowance for pregnant women.

The pH for some of the studied samples is alkaline,

which might increase the gastrointestinal tract pH

(pH\ 2) and cause a decrease in the bioavailability of

elements. The calculated health risk index (HRI[ 1)

revealed that Al and Mn might be a potential risk for

human consumption. Based on the results obtained

from the geochemical analysis, the consumption of the

studied material might present a potential health risk

to pregnant women including concomitant detrimental

maternal and foetal effects.

Keywords Geophagy � Geochemistry � Termite

mound soils � Pregnant women

Introduction

Geophagy is defined as the deliberate ingestion of

earthy or soil-like materials such as clay (Lar et al.

2015; Ekosse and Jumbam 2010), chalk or coal

(Crawford and Bodkin 2011). Historically, geophagy

has been observed among humans (and animals) since

ancient times and is spread worldwide (Ghorbani

2008). Nutritional deficiencies, plant toxins, or gas-

trointestinal sicknesses are the main physiological

motivations for the practice of geophagy worldwide

(Abrahams and Parsons 1996; Henry et al. 2013).

S. N. Kambunga � H. Mouri (&)

Department of Geology, University of Johannesburg,

Johannesburg, South Africa

e-mail: hmouri@uj.ac.za

C. Candeias

GeoBioTec, Geosciences Department, University of

Aveiro, Aveiro, Portugal

C. Candeias

EpiUnit, Public Health Institute, University of Porto,

Porto, Portugal

I. Hasheela

Environmental and Engineering Geology Division,

Geological Survey of Namibia, Windhoek, Namibia

123

Environ Geochem Health (2019) 41:1987–2009

https://doi.org/10.1007/s10653-019-00253-2(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-9852-7403
http://crossmark.crossref.org/dialog/?doi=10.1007/s10653-019-00253-2&amp;domain=pdf
https://doi.org/10.1007/s10653-019-00253-2


Specific aims in the case of pregnant women include

craving, and relief from morning sickness (Gomes and

Silva 2007), foetal development as well as cultural

beliefs (Agene et al. 2014; Ngole and Ekosse 2012).

Geophagic material may be directly ingested from

the ground, however, in many situations there is a

cultural preference for ‘‘special sources’’ such as local

hills, mountains, gardens, riverbeds, termite mounds,

as well as material used for huts construction (van

Huis 2017). In the case of urban areas, the geophagic

material is mainly purchased from street vendors and/

or open markets (Ghorbani 2008; Ekosse et al. 2010).

According to Foti (1994) and van Huis (2017),

pregnant women frequently consume this material,

in some cases up to 30 g three times a day. This

practice can cause serious health complications in

pregnant women and their unborn babies including

risks of the concomitant detrimental maternal and

foetal health effects (Mathee et al. 2014). Several

researchers reported that the health effects caused by

geophagy depend on the quantity of soil ingested as

well as its physical properties, mineralogy, and

geochemistry including excess or deficiency of major

and trace elements, metals and metalloids, and their

bioavailability, which are subjective to the soils

pedogenetic development (e.g., Ngole and Ekosse

2012 and references therein).

In this paper, we present a case study of geophagic

materials, which consist mostly of termite mound

samples collected in the field in the Onangama

Village, Northern Namibia. In addition to these, one

sample of termite mound material and two of clay

material were bought at Tukondjeni open market in

Windhoek, which is a distance of 800km away, mainly

for comparison purposes. Termite mounds are the

frequent consumed material by pregnant women in

this area due to their common occurrences. These

mounds are a result of termites’ activities using

aggregates of soil material from different soil depths

(generally from sub-soil), and organic materials

gathered from the surrounding areas (Mujinya et al.

2013). The practice of geophagy from termite mound

soils and its composition have been reported in some

African countries including Ghana (van Huis 2017),

South Africa (Walker et al. 1985), and Kenya (Luoba

et al. 2004). In the case of Namibia, although the

practice has been reported (Thomson 1997), there is no

documentation on the geochemical composition of

these soils to date. The study by Thomson (1997)

focused mainly on the association of geophagy

prevalence and anaemia.

The aim of this study is, therefore, to characterize

for the first time the geochemical compositions of

these geophagic materials commonly consumed by

pregnant women in the study area. Furthermore, a

brief literature survey on the health impacts of the

revealed elements was conducted in order to assess

and predict their possible health risks on these women.

Study area and geology

The present study was conducted in Onangama, a

village situated in the Ohangwena Region, in northern

part of Namibia, close to the Namibia-Angola borders

(Fig. 1). Geologically, the study area falls within the

upper part of Owambo Basin (Kalahari Sequence),

which is covered entirely by reddish-brown to light

greyish unconsolidated sands of the Andoni Formation

(Miller 1983; Haddon 2006). The Kalahari Sequence

is made up of the following formations, from the base

upwards: a basal red fine-grained Ombalantu Forma-

tion, a conglomeratic Beiseb Formation, a red

Olukonda Formation and an upper Andoni Formation

(Miller 1992). The Kalahari Sequence sediments were

deposited by rivers from Cretaceous to Recent (Had-

don 2006) with Aeolian reworking of the uppermost

unconsolidated sands occurring during the Pliocene

and Quaternary (Haddon and McCarthy 2005). The

latter was coupled with the weathering of the under-

lying calcareous sandstone (Haddon 2006). The

deposition occurred under arid to semi-arid conditions

and forms the final filling to the Owambo Basin

(Haddon 2006), which formed during the breakup of

Rodinia in the late Precambrian (Johnson et al. 1997).

Onangama village lies on sediments of silt, clay,

limestone and sandstone and is dominated by

colophospermum mopane shrubs and drainage pat-

terns or oshanas. During the rainy season, the oshanas

are filled up with seasonal waters while during the dry

season they are vegetated with grass used for livestock

grazing. The higher grounds between the drainage

patterns are used for farming and are covered with

various tree species.
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Materials and methods

Description of the studied materials

A total of fourteen samples in total were collected and

prepared for this geochemical investigation. Eleven of

the samples are termite mound soils (labelled ONC-

1701 to ONC-1709, ONSC-1711, and ONC-1715)

collected in the field in Onangama village. These

samples weighing between 1 and 2 kg were collected

using a stratified random sampling method. They were

grouped according to their spatial occurrences and

random sampling was used within each group. The

study material occur in the field as light brown high

termite mounds of up to five metres high and two

metres wide (Fig. 2a). Using the Munsell soil colour

chart, all the geophagic termite mound soil samples

preserve a N 8/0 colour (grey). The termite mound

soils in their environment (before sampling) display a

compact, fine to coarse grained texture with vent

holes, sometimes filled with black and/or brown

organic materials (Fig. 2b).

In addition to the above, three other samples

(labelled WNCs-1716, WNC-1717, and WNC-1718)

weighing about 100 g were purchased from Tukond-

jeni open market in Windhoek city. These samples

were sold per piece, with the price varying according

to the lamp and/or block sizes. Two types of samples

were purchased and considered in this investigation:

• Two clay soil lumps (WNCs-1716 and WNC-

1717), which look similar to each other in terms of

texture and colour (Fig. 2c), but different from the

termite mound samples collected in the field. They

are fine-grained and N 7/0 (light grey) in colour

based on Munsell soil colour chart. The vendor

stated that these samples were imported from

Angola.

• One termite mound soil sample (WNC-1718),

which looks similar to the samples collected in the

field in terms of colour and texture (Fig. 2d). The

Fig. 1 Geological map of Namibia (NAMCOR 1998) showing study location
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vendor stated that this sample was collected from

Onangama Village.

Methods of investigation

The following analytical methods and calculation

were conducted during the course of this investigation:

(i) X-ray fluorescence (XRF) and inductively

coupled plasma mass spectrometry (ICP-MS)

analytical methods in order to effectively

characterise the geochemistry of studied

geophagic materials, XRF and ICP-MS ana-

lytical methods were used to determine the

major elements (oxides), and trace elements

and anions composition, respectively. The

XRF analysis was conducted at Spectrum

facility in the faculty of science at the

University of Johannesburg while the trace

elements analysis (ICP-MS) was performed

at the Agricultural Research Council (ARC),

in Pretoria using water soluble extra method

and ion chromatography method for anions.

For XRF chemical analysis, about 2.00 g of

each sample were dried overnight in the

drying oven at 105 �C and cooled to room

temperature using a desiccator before starting

with the borate fusion preparation. 0.7 g of

the dried sample was mixed with 0.5 g of

LiNO3 and 5.90 g of 50/50 flux

(49:75 mass% lithium tetraborate,

49:75 mass% lithiummetaborate, 0:5 mass%

lithium bromide) and placed into the fusion

machine at 1050 �C. After the fusion was

completed, the fusion discs were labelled on

the top side with self-adhesive labels and

stored in the desiccator in C1 Lab 330 until

the chemical composition analysis was done.

Fig. 2 a–d View of the termite mound in the field (a), close up of the termite mound soil collected in the field (b), clay soil purchased
from the open market (c), and termite mound soil purchased from the open market (d)
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For ICP-MS analysis, an USEPA 3051A

procedure (USEPA 1995) was followed,

where by the crushed samples were dissolved

in concentrated nitric and hydrochloric acids

using microwave heating, cooled, filtered,

centrifuged, and diluted to a volume before

analysis.

(ii) pH estimation in order to determine the soil

pH, the procedures from ISO 10390 (2005)

were adopted. A suspension of soil was made

up in five times its volume of a 0.01 mol/L

solution of calcium chloride (CaCl2) in water.

The pH was then measured using a calibrated

SensoDirect 150 set PH/CON MultiMeter

instrument.

(iii) Health risk index (HRI) calculation for the

assessment of the potential health risk upon

ingestion of the geophagic materials, a non-

carcinogenic hazard characterized by a health

risk index (HRI) (Nkansah et al. 2016) was

calculated. A HRI less than 1 (HRI\ 1)

indicates that the exposed population is

unlikely to experience obvious adverse

effects; whereas a HRI above 1 (HRI[ 1)

suggests that there is a chance of non-

carcinogenic effects, with an increasing prob-

ability as the value increases (Liu et al. 2013).

In order to calculate the HRI, two parameters

are required; the probable daily intake (PDI)

and the permitted maximum tolerable daily

intake (PMTDI) standards set up by World

Health Organization (WHO), and Food and

Agriculture Organization (FAO). The math-

ematical representation of the HRI is as

follow:

HRI ¼ PDI� PMTDI

The PDI is calculated by multiplying the maximum

elemental concentrations (Conc. max) with the Mean

Daily Consumption (MDC) (Arhin and Zango 2017).

PDI ¼ Conc.max �MDC

The PMTDI, also known as the toxicity threshold

value or chronic reference dose (RfD) for pregnant

women in mg/kg-day of a specific heavy metal is

obtained from the standard set value by WHO and

FAO (Song et al. 2013). The average body weight of

the women in the study area was 65 kg.

Results

The geochemical, soil pH, and the HRI results of the

studied samples are described under the section below.

Statistical analysis is also performed on the obtained

results and summarized in Table 1.

Major elements composition

Major chemical compositions in mass% and re-

calculated values in mg/kg of all the studied samples

are presented in Table 2. Concentrations of elements

in mg/kg including Al, Ca, Fe, K, Mg, Mn, Na and Si,

in relation to their RDA are reported on simplified

charts (Fig. 3). The samples collected in the field and

those purchased from the open market are presented in

different colours on same figures for comparison

purpose.

Samples collected in the field

The results show that all eleven samples are charac-

terized by a relatively homogenous composition in

terms of Al2O3 (5.51–8.71%), FeO (1.22–2.77%),

MgO (0.64–1.08%), K2O (0.57–0.91%), MnO

(0.06–0.11%), and Na2O (0.51–1.07%). However,

CaO and SiO2 show relatively large variations ranging

between 0.63–10.04 and 67.58–87.61%, respectively

(Table 2).

The re-calculated concentrations of each element in

mg/kg (Table 2) compared to the daily recommended

guidelines for pregnant women as suggested by the

World Health Organization (WHO 1996), Food and

Agriculture Organization/World Health Organization

(FAO/WHO 2003), Environmental Protection Agency

(USEPA 1993), Bhaskarachary (2011), Johnson

(2006), Pennington (1988), Ronnenberg et al.

(2004), Castiglioni et al. (2013), Santamaria (2008),

and Pennington (1991) (Table 3) revealed the

following:

• All eleven samples show higher concentrations of

Al, Ca, Fe, Si, and Mg (Fig. 3a–e),

• Ten samples with high K concentrations (Fig. 3f),

• Seven samples with high Mn (Fig. 3g) concentra-

tions, and

• Four samples with high Na (Fig. 3h)

concentrations.
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Samples purchased from the open market

The results show that all samples have a relatively

homogenous composition in terms of Fe2O3

(1.09–2.13%), K2O (1.21–1.25%), and MgO

(0.69–0.78%); however, Al2O3 (6.08–31.02%), SiO2

(53.28–92.46%), CaO (0–1.02%), and Na2O

(0–1.51%) show relatively large variation in their

compositions (Table 2).

The re-calculated concentrations of each element in

mg/kg (Table 2) compared to the daily recommended

allowance (RDA) for pregnant women as suggested by

the World Health Organization (WHO 1996), Food

and Agriculture Organization/World Health Organi-

zation (FAO/WHO 2003), Environmental Protection

Agency (USEPA 1993), Bhaskarachary (2011), John-

son (2006), Pennington (1988), Ronnenberg et al.

(2004), Castiglioni et al. (2013), Santamaria (2008)

and Pennington (1991) (Table 3) revealed the

following:

• All three samples are characterized by high

concentrations of Al, Fe, Mg and Si (Fig. 3a, c–

e) but no Mn is detected (Fig. 3g),

• Both clay soil samples (WNCs-1716 and WNC-

1717) show high K concentrations (Fig. 3f); how-

ever, only sample WNCs-1716 shows high con-

centrations of Na (Fig. 3h), no Na is detected in

sample WNC-1717, and

• The termite mound sample (WNCs-1718) is char-

acterized by high Ca concentration, while K and

Na concentrations are low.

It is worth noting that the termite mound sample

purchased from the open market (WNC-1718) has the

highest concentrations of Si (432,251 mg/kg) com-

paring to all other studied samples, whereas the clay

soil samples (WNCs-1716 and WNC-1717) from

Angola have the highest concentrations of Al and K

as well as Na but only in one sample (WNCs-1716)

(Fig. 3).

The average chemical composition for each ele-

ment in all the studied samples (Table 2) was reported

on the same simplified chart for comparison purpose

Table 1 Statistic summary

of all the results obtained

N is for number of

parameters analysed, i.e.,

samples

HRI is for health risk index

SD is for standard deviation

Component N Minimum Maximum Mean SD Variance

Soil pH 14 3.77 8.17 7.1343 1.42833 2.040

HRI 7 0.012 328,316 47,024.10143 124,038.4745 1.539E ? 10

Major elements

Al2O3 14 3.981 31.020 9.90950 7.861134 61.797

CaO 14 0.000 10.040 3.31857 3.185191 10.145

Fe2O3 14 1.094 2.767 2.05821 0.526403 0.277

K2O 14 0.240 1.251 0.68864 0.281005 0.079

MgO 14 0.635 1.082 0.85200 0.172401 0.030

MnO 14 0.00 0.11 0.0393 0.04287 0.002

Na2O 14 0.000 1.508 0.37014 0.435441 0.190

SiO2 14 53.28 92.46 75.0421 10.71150 114.736

Trace elements

As 14 0.01 0.08 0.0243 0.02209 0.000

Cr 14 0.01 0.75 0.0643 0.19740 0.039

Cu 14 0.01 0.46 0.0836 0.11359 0.013

Hg 14 0.00 0.10 0.0107 0.02895 0.001

Ni 14 0.00 0.49 0.1471 0.12591 0.016

V 14 0.05 2.45 0.6707 0.73928 0.547

Anions

SO4
2- 14 18.20 24917.00 5792.9214 8293.57111 68,783,321.819

NO3
- 14 12.60 3710.00 521.3786 999.46384 998,927.974

NO2
- 14 0.00 900.90 73.6143 238.21909 56,748.337
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(Fig. 4). With the exception of Mg, Fe and Si

concentrations, which are nearly the same in all the

studied samples, Ca and Mn are higher in the samples

collected in the field than those purchased from the

open market, while K, Na, and Al show a reverse trend

(Figs. 3, 4).

Trace elements

Trace elements’ compositions in mg/kg and re-calcu-

lated values in lg/kg of all the studied geophagic

material samples are presented in Table 4. Cu and Zn

revealed low concentrations in all the studied samples

(Table 4). As, Cr, Hg, Ni, and V concentrations in

relation to their RDA are reported on simplified charts

(Fig. 5). In the samemanner as the major elements, the

samples collected in the field and those purchased

from the open market are presented in different

colours on the same figures for comparison purpose.

Samples collected in the field

All samples show a heterogeneous composition in

terms of concentrations of some elements including V

(0.05–0.29 mg/kg), Cr (0.01–0.75 mg/kg), Hg

(0–0.05 mg/kg), and Ni (0.09–0.49 mg/kg); however,

As concentrations (0.01–0.08 mg/kg) are nearly the

same in all samples (Table 4).

All the samples collected in the field are character-

ized by high concentrations of As and V (Fig. 5a, e);

however, only nine samples have high Cr and Ni

concentrations (Fig. 5b, d), and one with high Hg

concentration (Fig. 5c) as compared to the daily

recommended guidelines for pregnant women sug-

gested by the WHO (1996), Trumbo et al. (2001),

Solomons (1985), FAO/WHO (2003), USEPA (1993)

Gunderson (1988) and Lucian et al. (2010) (Table 3).

Samples purchased from the open market

Except for As (0.01 mg/kg), which has a similar

composition in all the samples, the compositions of V

(0.06–0.29 mg/kg), Cr (0–0.02 mg/kg), Hg

(0–0.05 mg/kg), and Ni (0–0.19 mg/kg) show large

variation ranges (Table 4).

The results show that all samples are characterized

by high concentrations of As and V (Fig. 5a, e);

however, only two samples showed high Cr concen-

trations (Fig. 5b). High concentration of Hg is onlyT
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observed in the termite mound sample (WNC-1718)

while high Ni concentration is only observed in one of

the clay sample (WNCs-1716) (Fig. 5c, d),

respectively.

In general, the termite mound samples collected in

the field show higher concentrations of As (aver-

age = 0.03 mg/kg), V (average = 0.81 mg/kg), Cr

(average = 0.08 mg/kg), and Ni (average = 0.17 mg/

kg) comparing to the samples purchased from the open

market (averages in mg/kg: 0.01 As, 0.16 V, 0.01 Cr

and 0.06 Ni). In contrast, Hg concentrations are higher

in the termite mound sample purchased from the open

market (0.02 mg/kg average) than in the samples

collected in the field (0.00091 mg/kg average)

(Fig. 6).

Fig. 3 a–h Major elements concentrations of all studied geophagic material in relation to their RDA for pregnant women

Table 3 The

recommended daily

allowance/intake for

pregnant women

RDA is recommended daily

allowance

Elements RDA (mg/kg) References

Aluminium (Al) 1 Pennington (1988)

Arsenic (As) 0.0021 Trumbo et al. (2001)

Calcium (Ca) 1000 WHO (1996)

Chromium (Cr) 0.005 WHO (1996)

Copper (Cu) 1.8 Solomons (1985)

Iron (Fe) 27 Ronnenberg et al. (2004)

Magnesium (Mg) 350–360 Castiglioni et al. (2013)

Manganese (Mn) 2 Santamaria (2008)

Mercury (Hg) 0.001–0.002 FAO/WHO (2003) and EPA (1993)

Nickel (Ni) 0.07–0.08 Gunderson (1988)

Nitrate (NO3
-) 45 NRC (1995)

Nitrite (NO2
-) 3.3 NRC (1995)

Potassium (K) 4700 Bhaskarachary (2011)

Silicon (Si) 19 Pennington (1991)

Sodium (Na) 2980 Johnson (2006)

Sulphate (SO4
2-) 850 NRC (2005)

Vanadium (V) 0.0065–0.018 WHO (1996)

Zinc (Zn) 11 Lucian et al. (2010)
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Anions

Anions’ compositions in mg/kg of all the studied soil

samples are presented in Table 4. Concentrations of

NO3
-, NO2

-, and SO4
2-, in relation to their RDA are

reported on simplified charts (Fig. 7). The samples

collected in the field and those purchased from the

open market are presented in different colours on the

same figures for comparison purpose.

Samples collected in the field

The results show that all samples are characterized by

heterogeneous compositions in terms of NO3
-

(66.3–1256.4 mg/kg), SO4
2- (1360–24,917 mg/kg)

and NO2
- (6.9–25.5 mg/kg) (Table 4).

All the samples collected in the field showed high

concentrations of NO3
- except sample ONC-1706

(Fig. 7a); however, only nine samples have high

SO4
2- (Fig. 7b) and eight with high NO2

- concen-

trations (Fig. 7c) as compared to the daily recom-

mended guidelines for pregnant women suggested by

NRC (1995, 2005) (Table 3).

Samples purchased from the open market

Similar to the samples collected in the field, the results

show that all samples purchased from the open market

have heterogeneous compositions with regards to

NO2
- (8–900.9 mg/kg), NO3

- concentration

(0–70 mg/kg), and SO4
2- (0–1080 mg/kg).

The results revealed high concentrations of NO2
-

in all samples (Fig. 7c); however, only one sample has

high NO3
- and SO4

2- concentrations (Fig. 7a, b)

compared to the RDA for pregnant women.

In general, the samples collected in the field show

higher concentrations of SO4
2- (aver-

age = 7270.32 mg/kg), and NO3
- (aver-

age = 654.79 mg/kg) comparing to the samples

purchased from the open market (averages in mg/kg:

375.8 SO4
2- and 32.2 NO3

-). In contrast, NO2
-

concentrations are higher in the samples purchased

from the openmarket (306.97 mg/kg average) than the

samples collected in the field (9.97 mg/kg average)

(Fig. 8).

Soil pH

The pH values of studied samples collected in the field

ranged from 7.26 to 8.17 while those purchased in the

open market were between 3.77 and 7.92 as indicated

in Table 5. Based on the pH values, all the studied

samples are alkaline except for the two samples from

the open market, which are slightly acidic.

Non-carcinogenic health risk index

According to the survey conducted in the study area,

about 88.2% of reproductive aged women practicing

geophagy consume a daily average of 150 g of termite

mound soil. The latter has been used in the determi-

nation of the Probable Daily Intake (PDI) for the

samples in this study (Table 6) since there is no set

Fig. 4 Comparison of

major element

concentrations between the

samples from the field (blue)

and open market (green)
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amount for standard permitted maximum tolerable

daily intake (PMTDI) of geophagic materials in

Namibia. The standard PMTDI (lg/kg BW/day)

estimated by WHO and FAO and the health risk index

(HRI) results are also shown in Table 6 and are used to

calculate the PMTDI for 65 kg BW (lg/day). Based
on the HRI results, Al and Mn are classified with a

very high potential risk of non-carcinogenic effects

(HRI[ 1) by the consumption of 150 g of the

geophagic material/day.

Discussion

An element concentration above the RDA is consid-

ered of serious concerns as it could be potentially

Fig. 5 a–e Trace elements concentration of geophagic material in relation to the RDA for pregnant women

Fig. 6 Comparison of trace

element concentrations

between the samples from

the field (blue) and open

market (green)
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harmful to human health. The potentially toxic

elements’ induced health effects (toxicity intensity)

depend on various physical, biological and beha-

vioural factors. This includes the element’s concen-

tration, dose, bioavailability and absorption rate

within the human body, element’s oxidation state,

age, weight, gender, gestation state, soil pH, gastroin-

testinal pH of the human being, intake route, period of

geophagic materials ingestion, elements interaction

with other elements, as well as anions and diet of each

individual (Ngole et al. 2010; Buck et al. 2016 and

references therein). Further information on these

aspects is presented in a more detailed literature

review study by Kambunga et al. (submitted 2018).

The sections below discuss the geochemical compo-

sition of the studied materials in terms of major and

trace elements as well as anions, compare their

concentrations to the RDA, and advance on the

possible health effects based on some known examples

from literature. In addition, soil pH and HRI results are

also presented and discussed.

Potential health effects of the chemical elements

present in the studied material

Potential positive health effects of the essential

elements

Pregnancy is always accompanied by physiologic

alterations that result in increased plasma volume and

red blood cells, amplified energy demand and

decreased concentrations of circulating nutrient-bind-

ing proteins and micronutrients (Picciano 1996;

Ladipo 2000). These changes are responsible for

many micronutrients deficiencies and micronutrients

demands or supplements. The presence of essential

Fig. 7 a–c Anion concentration of geophagic material in relation to the RDA for pregnant women
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elements (Ca, Fe, Mg, Mn, K, Na, Cr and Ni) in the

studied soils might supply nutrients to pregnant

women depending on their availability and accessi-

bility to the body.

Potential negative health effects

Major elements Aluminium (Al) is considered non-

essential with no physiological function in the human

body (WHO 1996). Reports relate its toxicity with

bone and neurological disorders such as learning

disorder and impaired spatial working memories (Kerr

et al. 1992), external visceral, skeletal malformations

and low birth rates (Paternain et al. 1988), growth

retardation, foetal abnormalities, epilepsy, and

inhibition of long term potentiation (Domingo et al.

2000; Kawahara et al. 2007). Al concentrations in the

studied samples, especially the clay soil lumps

(WNCs-1716 and WNC-1717) from the open

market, are very high (up to 164,158 mg/kg)

comparing to the RDA (Table 3, Fig. 3a). Although

not all Al is absorbed by the human body, its

bioaccumulation over time might, however, cause

adverse health effects in pregnant women and their

foetuses (WHO 1996). The result suggests that women

consuming the samples purchased from the open

market have a potentially higher health risk than those

consuming the soil collected in the study area.

The same samples (WNCs-1716 and WNC-1717)

as above contain the highest concentrations of K (up to

10,377 mg/kg) (Table 3, Fig. 3f). This element plays

an important role in the maintenance of cellular fluid

trans-membrane gradients, and movement of nerve

Fig. 8 Comparison of

anion concentrations

between the samples from

the field (blue) and open

market (green)

Table 5 Soil pH of the studied soil samples

Sample IDs Soil pH

Samples collected in the field

ONC-1701 7.45

ONC-1702 7.26

ONC-1703 7.49

ONC-1704 7.76

ONC-1705 7.57

ONC-1706 7.61

ONC-1707 7.64

ONC-1708 7.98

ONC-1709 7.54

ONSC-1711 8.17

ONC-1715 7.87

Samples purchased from the open market

WNCS-1716 3.85

WNC-1717 3.77

WNC-1718 7.92

Standard deviation is 1.42833
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impulses and muscles (Rose et al. 2004; Sheng 2000).

Despite its importance in the human body, excessive

amount of K can result in a rare disease called

Hyperkalaemia (Lehnhardt and Kemper 2011). This

condition is associated with tissue damaging, rupture

of blood cells, kidney damage, and heart arrhythmia

(Lehnhardt and Kemper 2011). Other signs of K

toxicity include drop in blood sugar level, which leads

to sweating, headaches, weakness, trembling, and

nervousness (Bhaskarachary 2011). Although the

consumption of these geophagic materials might

supply K to pregnant women, there is still a potential

risk of K toxicity due to higher concentrations than

RDA.

Sodium (Na) has important physiological roles as

K, which involves the maintenance of cellular fluid

trans-membrane gradients, and movement of nerve

impulses and muscles (Sheng 2000; Doyle and Glass

2010). Na toxicity has been reported to increase the

risk of heart failure (WHO 1979), permanent neuro-

logical damage in infants (Pohl et al. 2013), and to

cause nausea, vomiting, convulsions, muscular twitch-

ing and rigidity, as well as cerebral and pulmonary

oedema (DNHW 1992). Although pregnant women

might obtain Na supplementation through the con-

sumption of these soils, the high concentrations of Na

(up to 11,202 mg/kg) observed especially in one of the

clay soil lump samples (WNCs-1716) purchased from

the open market (Table 3, Fig. 3h) might cause Na

toxicity.

Silica (Si) is an essential component of the

connective tissues in the human body (Murray et al.

2000). Its toxicity can lead to an erosive gastritis (the

erosion of gastrointestinal (GI) lining), which may

lead into internal bleeding and ulcers in the lining of

the stomach (Barker 2005). The studied samples are

all characterized by high concentrations of Si (up to

432,251 mg/kg) compared to the RDA (Table 3,

Fig. 3e) especially in the termite mound purchased

from the market (WNC-1718) suggesting a possible

serious health hazard when consumed.

Calcium (Ca) is required during pregnancy in high

content, as it is needed for foetuses’ developmental

functions such as skeletal formations (WHO 1996).

Despite the fact that Ca is vital during foetuses’

development, excess intake can cause renal insuffi-

ciency, vascular and soft tissue calcification for

foetuses, Hypercalciuria, heart disease, kidney stones

(NIH 2018), and constipation (Sizer and Whitney

1997). Although these geophagic materials may

provide Ca upon digestion, the excessively high Ca

concentrations (up to 71,756 mg/kg) in some of the

samples collected in the field compared to the RDA for

pregnant women (Table 3, Fig. 3b) might render them

harmful. The low concentrations and absence of Ca in

the open market samples suggest a lower Ca toxicity

risk.

The need of iron (Fe) intake increases during

pregnancy to accommodate foetal and placental

growth, and cover for blood loss at delivery (Grieger

Table 6 Health risk indices of potential toxic elements in the studied soil

Element Concentrationmax

(mg/kg)

Mean consumption daily average

(day-1)

PDI

(mg/kg/day)

PMTDI

(mg/kg/day)

HRI Remarks

Al 164,158 0.002 328,316 1 328,316 Not safe

As 0.08 0.002 0.00016 0.0021 0.076 Safe

Cr 0.75 0.002 0.0015 0.005 0.3 Safe

Hg 0.05 0.002 0.0001 0.002 0.05 Safe

Mn 852 0.002 1704 2 852 Not safe

Ni 0.49 0.002 0.00098 0.08 0.012 Safe

V 2.45 0.002 0.0049 0.018 0.272 Safe

PDI is probable daily intake

PMTDI is permitted maximum tolerable daily intake

HRI is health risk index

The mean consumption daily is 150 g

Standard deviation is 124,038.4745
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and Clifton 2014). Fe supplementation is one of the

most known motivations for pregnant women to

practice geophagy (Haron et al. 2011). The studied

samples contain high Fe (up to 19,373 mg/kg) com-

paring to the RDA during pregnancy (Table 3,

Fig. 3c). The consumption of these samples in mod-

eration might act as supplements of Fe to pregnant

women. However, the practice of geophagy during

pregnancy has been outlined as a major risk factor for

anaemia during pregnancy. Although the studied soil

samples contain high amount of Fe (up to 19,373 mg/

kg), the bioavailability, which might lead to Fe

toxicity is controlled by some mechanisms according

to Young (2007) and Toker et al. (2009), which are:

1. The interference of Al and Hg with red blood cells

production;

2. The reduction in Fe bioavailability due to the

attraction and binding of nutrients by charged ions

found in the geophagic materials;

3. Inhibition of Fe absorption due to damaged

intestinal linings by tough geophagic materials;

4. The severe blood loss due to hookworm infection

found in geophagic materials; and

5. Change in pH in the GI tract, which can either

inhibit absorption of Fe if the pH raises or favours

proliferation of microbes if the pH becomes

alkaline.

Magnesium (Mg) is vital for the mineralization and

development of the skeleton (Olivares and Uauy

2005). Despite its importance, Mg toxicity can cause

confusion, low blood pressure and heart rate (Casti-

glioni et al. (2013). Although the studied samples may

supply Mg to pregnant women upon ingestion, their

higher concentrations (up to 6515 mg/kg) than the

RDA (Table 3, Fig. 3d) suggest a potential health

hazard depending on the amount consumed.

Manganese (Mn) is considered a trace element,

which is required in small amounts for the function of

human bodies. This element plays a role in the

reproductive system, bone growth, and mental func-

tions (USEPA 2003). Even though Mn is essential for

the human body, its excess may lead to reproductive

and respiratory problems (Aschner et al. 2005), and

foetal neurological complications such as memory

impairment, reduced learning capacity, decreased

mental flexibility, cognitive slowing, and difficulty

with processing visuo-motor and visuo-spatial infor-

mation (Aschner et al. 2007). Therefore, the higher

concentrations of Mn (up to 852 mg/kg) than the RDA

(Table 3, Fig. 3g) in the samples collected in the field

might lead to its toxicity.

Trace elements In this study, trace elements Cu, Ni,

and Zn are selected for the discussion due to their

importance during pregnancy for the development of

the foetus (Ladipo 2000) and As, Cr, Hg, and V due to

their potential toxic nature and high concentrations in

the studied samples.

Studies have shown no evidence of arsenic (As)

biological function and it is classified as carcinogenic

to humans (IARC 2012). Several health issues were

reported as a result of acute and chronic exposure to As

toxicity specifically arsenite (As3?) and arsenate

(AS5?), the most toxic forms of this element (WHO

2010; Saha et al. 2012). Commonly, As3? is prevalent

in anoxic conditions, while As5? is in oxic soils; also

in soils As3? can occur as As(OH)3 in acidic

conditions and as an anion [AsO3
3-] in alkaline ones;

As5? exists as an anion [H2AsO4
- or HAsO4

2-] in

soils with normal pH (4–8) (Ruby et al. 1999). Among

the most relevant health effects due to As toxicity to

pregnant women are increased risks of gastrointestinal

related issues (Civantos et al. 1995; WHO 2010),

miscarriages (Sengupta et al. 2014), foetal mortality

(Hood and Harrison 1982), low birth weight and

skeletal malformed foetuses (Sengupta et al. 2014),

mental growth retardation and low IQ level (Neeti and

Prakash 2013). All the studied samples show over four

times higher As concentrations (up to 0.08 mg/kg)

than the RDA for pregnant women (Table 3, Fig. 5a).

Therefore, the consumption of these materials espe-

cially the termite mound samples collected in the field,

which contain the highest amount of As, can cause

serious health issues to pregnant women and their

foetuses over time.

The dominant oxidation forms of Cr in the

environment are the trivalent (Cr3?) and the hexava-

lent (Cr6?) ones (Bartlett and James 1988). Cr toxicity

is dependent on the oxidation state being Cr6?

classified as carcinogenic to humans and highly toxic

to all forms of life (Megharaj et al. 2003). Cr6?

toxicity in humans has been linked to growth retarded

babies with damaged blood cells, livers, nervous

systems, and kidneys (MacKenzie et al. 1958; Wal-

dron 1980). Cr3? is considered an essential micronu-

trient for several organisms being fairly insoluble in

water in opposition to Cr6? that is very soluble and
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easily transported from soils to groundwaters

(Megharaj et al. 2003). Cr3? is required for the release

of energy from glucose (Goldhaber 2003) and main-

tenance of the ribonucleic acid (RNA) molecule

configuration (Eastmond et al. 2008). Although Cr

concentrations are not high in all geophagic samples as

compared to the RDA (Table 3, Fig. 5b), some

samples contain high values than RDA (up to

0.75 mg/kg), which might lead to its toxicity when

consumed over a long period of time. The samples

collected in the field contain over seven times more Cr

than the samples purchased from the open market. The

latter indicates a lower Cr toxicity risk in the samples

purchased from the open market.

There are no recognized functions of mercury (Hg)

in the human body and is classified as carcinogenic to

humans (ATSDR 1999). Methyl mercury (Hg2?) is the

most organic common species and toxic to human

health (Silva et al. 2005) whereas when it comes to

pregnant women, elemental and organic Hg are the

most dangerous (Neeti and Prakash 2013). The most

relevant possible health issues to pregnant that can be

caused by Hg toxicity for pregnant women include

infertility, miscarriage and prematurity, low libido and

premenstrual syndrome (PMS) (Neeti and Prakash

2013), neurocognitive deficits such as reduced perfor-

mance in tests and neuromotor disabilities, congenital

malformations (Sikorski et al. 1987), and spatial

cognition impairment in foetuses (Bose-O’Reilly

et al. 2010). Among the studied geophagic materials,

sample ONC-1702 collected in the field and the

termite mound sample purchased from the open

market show higher Hg concentrations (0.02 and

0.05 mg/kg, respectively) than the RDA for pregnant

women (Table 3, Fig. 5c). Such high Hg concentra-

tions might constitute a potential health risk to the

consumers in the area.

Nickel (Ni) plays a role in the absorption of Fe by

the human body, and is considered vital for strong

skeletal frames building by strengthening bones and

assisting in the breakdown of glucose (Nielsen 1985).

Despite the vital biological function of Ni, toxicity

exposures either in utero, during infancy, or childhood

can result in miscarriages and musculoskeletal defects

such as feet deformities (Vaktskjold et al. 2008). The

high concentrations of Ni (up to 0.49 mg/kg) (Table 3,

Fig. 5d) in some of the studied soils suggest a risk of

Ni toxicity over time through the process of

bioaccumulation.

Vanadium (V) has no specific role in the human

body; instead it can cause distress to iodine intake

(WHO 2001). The toxicity of V compounds is directly

proportional to the increase in valances states; for

example, V5? is the most toxic (Barceloux and

Barceloux 1999). The most known V toxicity results

from airborne rather than from oral ingestion

(Mukherjee et al. 2004). Nevertheless, its toxicity

can cause depressed growth, diarrhoea, depressed food

intake, death (Somerville and Davies 1962), anaemia

(Hogan 1990), high blood pressure (Carmignani et al.

1991), fatigue (Barceloux and Barceloux 1999), and

green tongue (Dimond et al. 1963). In all the studied

samples, V is more than two times higher (up to

2.45 mg/kg) than the RDA (Table 3, Fig. 5e). These

high concentrations in the geophagic materials col-

lected in the field than those purchased from the open

market; make themmuchmore hazardous to the health

of the consumers in the area.

Anions NO3
- and NO2

- play a physiological role in

the vascular and immune function in the human body

(Lundberg et al. 2009). NO3
- and NO2

- toxicity can

result in a blood disorder in infants called

methemoglobinemia, also known as a ‘‘blue baby

syndrome’’, which if left unattended can cause brain

damage and eventually death (ATSDR 2000). Other

toxicity effects include gastric cancer, premature birth,

low birth weight infants, birth defects, sterility,

intrauterine growth restriction, and complications of

pregnancy (Manassaram et al. 2007). The high

concentrations of NO3
- and NO2

- (up to 1256.4 and

999.9 mg/kg, respectively) compared to their RDA

(Table 3, Fig. 7a, c) in some of the studied samples

present a high risk of their toxicity. The samples

collected in the field suggest a higher NO3
- toxicity

risk than the open market ones. Conversely, the

samples purchased from the open market unveil higher

NO2
- toxicity risk than those collected in the field.

Sulphate (SO4
2-) is known for being essential in

numerous cellular and metabolic processes in foetal

development (Dawson et al. 2015). Regardless of its

importance for healthy growth and development,

excess SO4
2- can cause foetuses abnormalities such

as bone fractures and osteopenia conditions (Duffy

et al. 2012; Mechcatie 2013), and hypocalcaemia in

pregnant women (Duffy et al. 2012). The high

concentrations of SO4
2- (up to 24,917 mg/kg) com-

pared to the RDA (Table 3, Fig. 7b) found in some of
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the studied samples present a risk of SO4
2- toxicity.

The samples collected in the field present a higher risk

of SO4
2- toxicity compared to the samples purchased

from the open market.

Generally, the differences observed in the geo-

chemistry of the samples collected in the field and

those purchased from the open market suggest a

greater health risk in the samples collected in the field.

The geochemical differences indicate that the clay

lumps from the open market and the soil collected in

the field have different geogenic conditions. However,

the geochemical composition of the termite mound

soil sample (WNC-1718) purchased from the same

market is nearly the same with those collected in the

field. The latter might suggest the same source.

Soil pH

Soil pH measures the acidity or alkalinity of the soil.

Many chemical reactions are pH dependent; hence,

knowledge of the pH can be used to access the

likelihood of the extent and speed of chemical

reactions (Candeias et al. 2014; Van Reeuwijk 2002).

In acidic conditions, metals and contaminants in

soils matrix are more soluble (Oomen et al. 2002;

Gibson et al. 2015) and their bioavailability and

bioaccesibility for incorporation in biological pro-

cesses increases as pH decreases (John and Leventhal

1995). In the GI tract, the solubility of chemical

elements increases with a decrease in pH (Young et al.

2007). The ingestion of materials causes the increase

in the GI tract pH up to 6, which can lead to a potential

decrease in the bioaccessibility of compounds. How-

ever, the GI tract pH normal values are attained back

even with some ingested materials still in the GI tract

(Oomen et al. 2002). In vitro digestion models

experiments indicate that the main parameter affecting

bioaccessibility of ingested materials in a soil matrix is

the gastric pH and the presence of dietary elements

(Oomen et al. 2002; Ljung et al. 2007). According to

Sherwood (1995), geophagic soils with high pH values

(mostly alkaline) may not have a noticeable impact on

elements and nutrient release in the GI tract.

Furthermore, dissolved salts and pH are responsible

for the taste of the geophagic materials, which can be

sour in the case of acidic soil (Diko and Ekosse 2014).

These sour soils are most commonly selected by

pregnant women in Kenya and Nigeria, being pur-

ported to be capable of preventing excessive saliva

secretion and reducing nausea during pregnancy

(Ibeanu et al. 1997; Diko and Diko 2014). Although

the current studied samples are not acidic, the

preference of sour soil might be given to those with

a weak alkalinity such as some of the termite mounds

samples collected in the field (sample ONC-1701: pH

of 7.45, ONC-1702: pH of 7.26, ONC-1705: pH of

7.57, and ONC-1709: pH of 7.54).

Non-carcinogenic health risk indices

Although most of the HRI for individual elements is

less than 1, the cumulative effects of these elements

are significant. Additionally, the HRI depends on the

body weight, the unique GI characteristics of each

individual, and the quantity of soil consumed per day.

Individuals have different body weights and responses

and the quantity of soil consumed per day varies

depending on the soil consumption motivations.

Therefore, the HRI might underestimate the health

risk.

Concluding remarks

The present study, which focuses on a detailed

geochemical analysis of geophagic material from

Onangama village, northern Namibia, revealed impor-

tant compositional characteristics, which can induce

serious health implications to the consumers in the

area, especially pregnant women. These are:

• The studied geophagic material might supply

essential elements such as Ca, Fe, Mg, K, Na,

Mn, Ni, S, and Si to pregnant women and their

foetuses upon ingestion. However, the presence of

high concentrations of elements such as As, Cr,

Hg, V, and Al in these materials can cause potential

health risks due to their toxicity.

• Except for K, Mn and Na, which are present in high

concentrations only in some samples, all other

major elements including Mg, Fe, Si, Mn and Ca

are present in high concentrations in all the studied

samples comparing to their RDA.

• V, Cr, Ni, As, Mn, SiO4
2-, NO3

-, and Ca, are

significantly higher (especially V and SiO4
2-) in

the termite mounds samples collected in the field

comparing to those purchased from the market.
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• Al, Hg, K, Na, and NO2
-, are significantly higher

in the open market samples comparing to the

samples collected in the field.

• Fe, Mg and Si are nearly the same in all the studied

samples.

• The two clay samples (WNCs-1716 and WNC-

1717), purchased from Tukondjeni open market in

Windhoek, which were imported from Angola

according to the vendor, show a significant differ-

ence in their chemical composition mainly in terms

of Al, Ca, K, and SO4
2- comparing to the rest of

the samples. This might confirm the statement of

the vendor that they do not come from the same

locality as the rest of the studied samples. How-

ever, the termite mound sample (WNC-1718)

purchased from the same open market has nearly

the same composition as those collected from the

field, suggesting that it might have been sourced

from the study area.

• The geochemical composition of the samples

collected in the field suggests that a potential

health risk to the consumers in the area might be

more substantial than that of the purchased samples

from the open market. This poses a greater health

risk because samples in the field (which show high

risk) are readily (more) available than those in the

open market.

• The soil pH of all the studied geophagic materials

is higher than the GIT pH, which might increase

the GIT pH upon ingestion leading to a temporary

reduction in the bioaccessibility of chemical ele-

ments present in the geophagic materials.

• Although only Al and Mn showed a potential

health risk based on the HRI calculations, this latter

(HRI) might underestimate the health risks asso-

ciated with the other potential toxic elements due

to its influence based on the body weight, individ-

ual GI tract characteristics and dose rates.

Based on the present geochemical investigation, it

can be concluded so far that the frequent consumption

of the studied geophagic materials might constitute a

potential health hazard for pregnant women in the

area. However, in order to verify the possible health

issues that are known from literature, the type and

magnitude of these issues, which might result from the

consumption of such material, a thorough health

investigation on pregnant women in the area is

necessary. Additionally, experiments need to be

performed with these geophagic materials for a better

understanding of elements bioavailability and bioac-

cessibility to pregnant women.
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Lundberg, J. O., Gladwin, M. T., Ahluwalia, A., Benjamin, N.,

Bryan, N. S., Butler, A., et al. (2009). Nitrate and nitrite in

biology, nutrition and therapeutics. Nature Chemical

Biology, 5, 865–869.

Luoba, A. I., Geissler, P. W., Estambale, B., Ouma, J. H.,

Magnussen, P., Alusala, D., et al. (2004). Geophagy among

pregnant and lactating women in Bondo District, western

Kenya. Transactions of the Royal Society of Tropical

Medicine and Hygiene, 98(12), 734–741.

MacKenzie, R. D., Byerrum, R. U., Decker, C. F., Hoppert, C.

A., & Langham, R. F. (1958). Chronic Toxicity Studies. II.

Hexavalent and Trivalent Chromium administered in

Drinking Water to Rats. Archives of Industrial Health, 18,

232–234.

Manassaram, D. M., Backer, L. C., & Moll, D. M. (2007). A

review of nitrates in drinking water: Maternal exposure and

adverse reproductive and developmental outcomes. Cien-

cia & Saude Coletiva, 12, 153–163.

Mathee, A., Naicker, N., Kootbodien, T., Mahuma, T., Nkomo,

P., Naik, I., et al. (2014). A cross-sectional analytical study

of geophagia practices and blood metal concentrations in

pregnant women in Johannesburg, South Africa. SAMJ:

South African Medical Journal, 104(8), 568–573.

Mechcatie, E. (2013). FDA reviewing heart risk. Caring for the

Ages, 14(2), 8.

Megharaj, M., Avudainayagam, S., & Naidu, R. (2003). Toxi-

city of hexavalent chromium and its reduction by bacteria

isolated from soil contaminated with tannery waste. Cur-

rent Microbiology, 47(1), 51–54.

Miller, R. M. (1983). The Pan-African Damara Orogen of South

West Africa/Namibia (Vol. 7(17), pp. 431–515). Johan-

nesburg: The Geological Society of South Africa.

Miller, R.M. (1992). The stratigraphy of Namibian-Regional

Geology Series. Open File Report Geological Survey of

Namibia, Windhoek, RG (Vol. 8, pp. 1–34).

Mujinya, B. B., Mees, F., Erens, H., Dumon, M., Baert, G.,

Boeckx, P., et al. (2013). Clay composition and properties

in termite mounds of the Lubumbashi area, D.R. Congo.

Geoderma, 192, 304–315.

Mukherjee, B., Patra, B., Mahapatra, S., Banerjee, P., Tiwari,

A., & Chatterjee, M. (2004). Vanadium—An element of

atypical biological significance. Toxicology Letters,

150(2), 135–143.

Murray, R. K., Granner, D. K., Mayes, P. A., & Rodwell, V. W.

(2000). Harper’s biochemistry (25th ed., pp. 715–736).

New York: McGraw-Hill Press.

NAMCOR, National Petroleum Corporation of Namibia.

(1998). http://www.namcor.com.na/media/plg_

downloads/maps/Sedimentary%20Basins.pdf. Accessed

November 2018.

Neeti, K., & Prakash, T. (2013). Effects of heavy metal poi-

soning during pregnancy. International Research Journal

of Environmental Sciences, 2, 88–92.

Ngole, V. M., & Ekosse, G. E. (2012). Physico-chemistry,

mineralogy, geochemistry and nutrient bioaccessibility of

geophagic soils from Eastern Cape, South Africa. Scientific

Research and Essays, 7(12), 1319–1331.

123

Environ Geochem Health (2019) 41:1987–2009 2007

https://www.iso.org/standard/40879.html
https://www.iso.org/standard/40879.html
http://www.unalmed.edu.Co/rrodriguez/MODELOS/depositos-ambiente/BioavailabilityOfMetal.Pdf/el
http://www.unalmed.edu.Co/rrodriguez/MODELOS/depositos-ambiente/BioavailabilityOfMetal.Pdf/el
http://www.unalmed.edu.Co/rrodriguez/MODELOS/depositos-ambiente/BioavailabilityOfMetal.Pdf/el
http://www.namcor.com.na/media/plg_downloads/maps/Sedimentary%20Basins.pdf
http://www.namcor.com.na/media/plg_downloads/maps/Sedimentary%20Basins.pdf


Ngole, V. M., Ekosse, G. E., de Jager, L., & Songca, S. P.

(2010). Physicochemical characteristics of geophagic

clayey soils from South Africa and Swaziland. African

Journal of Biotechnology, 9(36), 5929–5937.

Nielsen, F. H. (1985). The importance of diet composition in

ultratrace element research. The Journal of Nutrition,

115(10), 1239–1247.

NIH, National Institutes of Health. (2018). http://

dietarysupplements.info.nih.gov/factsheets/calcium.asp.

Accessed November 2018.

Nkansah, M. A., Korankye, M., Darko, G., & Dodd, M. (2016).

Heavy metal content and potential health risk of geophagic

white clay from the Kumasi Metropolis in Ghana. Toxi-

cology Reports, 3, 644–651.

NRC, National Research Council. (1995). Nitrate and nitrite in

drinking water (pp. 1–64). Washington, DC: The National

Academies Press.

NRC, National Research Council. (2005). Dietary reference

intakes for water, potassium, sodium, chloride, and sul-

phate (pp. 1–618). Washington, DC: The National Aca-

demies Press.

Olivares, M., & Uauy, R. (2005). Essential nutrients in drinking

water. In WHO (Ed.), Nutrients in drinking water. Geneva:

World Health Organization.

Oomen, A. G., Hack, A., Minekus, M., Zeijdner, E., Cornelis,

C., Schoeters, G., et al. (2002). Comparison of five in vitro

digestion models to study the bioaccessibility of soil con-

taminants. Environmental Science and Technology,

36(15), 3326–3334.

Paternain, J. L., Domingo, J. L., Llobet, J. M., & Corbella, J.

(1988). Embryotoxic and teratogenic effects of aluminum

nitrate in rats upon oral administration. Teratology, 38(3),

253–257.

Pennington, J. A. (1988). Aluminium content of foods and diets.

Food Additives & Contaminants, 5(2), 161–232.

Pennington, J. A. T. (1991). Silicon in foods and drinks. Food

Additives & Contaminants, 8(1), 97–118.

Picciano, M. F. (1996). Pregnancy and lactation. In E. E. Ziegler

& L. J. Filer (Eds.), Present knowledge in nutrition (pp.

384–395). Washington, DC: ILSI Press.

Pohl, H. R., Wheeler, J. S., &Murray, H. E. (2013). Sodium and

potassium in health and disease. In A. Sigel, H. Sigel, & R.

K. O. Sigel (Eds.), Interrelations between essential metal

ions and human diseases (pp. 29–47). Dordrecht: Springer.

Ronnenberg, A. G., Wood, R. J., Wang, X., Xing, H., Chen, C.,

Chen, D., et al. (2004). Preconception hemoglobin and

ferritin concentrations are associated with pregnancy out-

come in a prospective cohort of Chinese women. The

Journal of Nutrition, 134(10), 2586–2591.

Rose, C. R., Blum, R., Kafitz, K. W., Kovalchuk, Y., & Kon-

nerth, A. (2004). Frommodulator to mediator: rapid effects

of BDNF on ion channels. BioEssays, 26(11), 1185–1194.

Ruby, M. V., Schoof, R., Brattin, W., Goldade, M., Post, G.,

Harnois, M., et al. (1999). Advances in evaluating the oral

bioavailability of inorganics in soil for use in human health

risk assessment. Environmental Science and Technology,

33(21), 3697–3705.

Saha, K. K., Engström, A., Hamadani, J. D., Tofail, F., Ras-

mussen, K. M., & Vahter, M. (2012). Pre-and postnatal

arsenic exposure and body size to 2 years of age: A cohort

study in rural Bangladesh. Environmental Health Per-

spectives, 120(8), 1208–1214.

Santamaria, A. B. (2008). Manganese exposure, essentiality and

toxicity. Indian Journal of Medical Research, 128(4),

484–500.

Sengupta, P., Banerjee, R., Nath, S., Das, S., & Banerjee, S.

(2014). Metals and female reproductive toxicity. Human

and Experimental Toxicity, 34(7), 679–697.

Sheng, H. W. (2000). Sodium, chloride and potassium. In M.

H. Stipanuck (Ed.), Biochemical and physiological aspects

of human nutrition (pp. 686–710). Philadelphia: WB

Saunders Company.

Sherwood, L. (1995). Fundamentals of physiology—A human

perspective (p. 672). St. Paul, MN: West Publishing

Company.

Sikorski, R., Juszkiewicz, T., Paszkowski, T., & Szprengier-

Juszkiewicz, T. (1987). Women in dental surgeries:

Reproductive hazards in occupational exposure to metallic

mercury. International Archives of Occupational and

Environmental Health, 59(6), 551–557.

Silva, A. L. O. D., Barrocas, P. R., Jacob, S. D. C., & Moreira, J.

C. (2005). Dietary intake and health effects of selected

toxic elements. Brazilian Journal of Plant Physiology,

17(1), 79–93.

Sizer, F., & Whitney, E. (1997). Nutrition concepts and con-

troversies. No. No. QP 141. H35 (7th ed.). Pacific Grove:

Brooks Cole. ISBN 978-0314096357.

Solomons, N. W. (1985). Biochemical, metabolic, and clinical

role of copper in human nutrition. Journal of the American

College of Nutrition, 4(1), 83–105.

Somerville, J., & Davies, B. (1962). Effect of vanadium on

serum cholesterol. American Heart Journal, 64(1), 54–56.

Song, D., Jiang, D., Wang, Y., Chen, W., Huang, Y., & Zhuang,

D. (2013). Study on association between spatial distribu-

tion of metal mines and disease mortality: A case study in

Suxian District, South China. International Journal of

Environmental Research and Public Health, 10(10),

5163–5177.

Thomson, J. (1997). Anaemia in pregnant women in eastern

Caprivi, Namibia. South African Medical Journal, 87(11),

1544–1547.

Toker, H., Ozdemir, H., Ozan, F., Turgut, M., Goze, F., Sencan,

M., et al. (2009). Dramatic oral findings belonging to a pica

patient: A case report. International Dental Journal, 59(1),

26–30.

Trumbo, P., Yates, A. A., Schlicker, S., & Poos, M. (2001).

Dietary reference intakes: Vitamin A, vitamin K, arsenic,

boron, chromium, copper, iodine, iron, manganese,

molybdenum, nickel, silicon, vanadium, and zinc. Journal

of the American Dietetic Association, 101(3), 294–301.

USEPA, United States Environmental Protection Agency.

(1993). https://www.mwa.co.th/download/file_upload/

SMWW_1000-3000.pdf. Accessed November 2018.

USEPA, United States Environmental Protection Agency.

(1995). https://www.epa.gov/sites/production/files/2015-

12/documents/3051a.pdf. Accessed November 2018.

USEPA, United States Environmental Protection Agency.

(2003). http://www.epa.gov/earth1r6/6sf/pdffiles/tarcreek.

pdf. Accessed November 2018.

Vaktskjold, A., Talykova, L. V., Chashchin, V. P., Odland, J. Ø.,

& Nieboer, E. (2008). Spontaneous abortions among

123

2008 Environ Geochem Health (2019) 41:1987–2009

http://dietarysupplements.info.nih.gov/factsheets/calcium.asp
http://dietarysupplements.info.nih.gov/factsheets/calcium.asp
https://www.mwa.co.th/download/file_upload/SMWW_1000-3000.pdf
https://www.mwa.co.th/download/file_upload/SMWW_1000-3000.pdf
https://www.epa.gov/sites/production/files/2015-12/documents/3051a.pdf
https://www.epa.gov/sites/production/files/2015-12/documents/3051a.pdf
http://www.epa.gov/earth1r6/6sf/pdffiles/tarcreek.pdf
http://www.epa.gov/earth1r6/6sf/pdffiles/tarcreek.pdf


nickel-exposed female refinery workers. International

Journal of Environmental Health Research, 18(2), 99–115.

Van Huis, A. (2017). Cultural significance of termites in sub-

Saharan Africa. Journal of Ethnobiology and Eth-

nomedicine, 13(1), 8. https://doi.org/10.1186/s13002-017-

0137-z.

Van Reeuwijk, L. P. (2002). http://www.soil-science.com/

fileadmin/downloads/wrb/ISRIC_TechPap09_2002.pdf

Accessed November 2018.

Waldron, H. A. (1980). Metals in the environment (pp. 1–132).

London: Academic Press Inc.

Walker, A. R. P., Walker, B. F., Jones, J., Verardi, M., &

Walker, C. (1985). Nausea and vomiting and dietary

cravings and aversions during pregnancy in South African

women. BJOG: An International Journal of Obstetrics &

Gynaecology, 92(5), 484–489.

WHO, World Health Organization. (1979). Sodium, chlorides

and conductivity in drinking water: Report on a WHO

working Group. Copenhegan: Euro Reports and Studies.

ISBN: 929020141X.
WHO, World Health Organization. (1996). https://www.who.

int/nutrition/publications/micronutrients/9241561734/en/.

Accessed November 2018.

WHO,World Health Organization. (2001). http://www.who.int/

mediacentre/factsheets/. Accessed November 2018.

WHO,World Health Organization. (2010). http://www.who.int/

entity/foodsafety/chem/. Accessed November 2018.

Young, S. L. (2007). A vile habit? The potential biological

consequences of geophagia, with special attention to iron.

In J. MacClancy, J. Henry, & H. Macbeth (Eds.), Con-

suming the inedible: Neglected dimensions of food choice

(pp. 67–80). Oxford: Berghahn Books.

Young, S. L., Wilson, M. J., Miller, D., & Hillier, S. (2007).

Toward a comprehensive approach to the collection and

analysis of pica substances, with emphasis on geophagic

materials. PLoS ONE, 3(9), e3147.

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

Environ Geochem Health (2019) 41:1987–2009 2009

https://doi.org/10.1186/s13002-017-0137-z
https://doi.org/10.1186/s13002-017-0137-z
http://www.soil-science.com/fileadmin/downloads/wrb/ISRIC_TechPap09_2002.pdf
http://www.soil-science.com/fileadmin/downloads/wrb/ISRIC_TechPap09_2002.pdf
https://www.who.int/nutrition/publications/micronutrients/9241561734/en/
https://www.who.int/nutrition/publications/micronutrients/9241561734/en/
http://www.who.int/mediacentre/factsheets/
http://www.who.int/mediacentre/factsheets/
http://www.who.int/entity/foodsafety/chem/
http://www.who.int/entity/foodsafety/chem/

	The geochemistry of geophagic material consumed in Onangama Village, Northern Namibia: a potential health hazard for pregnant women in the area
	Abstract
	Introduction
	Study area and geology
	Materials and methods
	Description of the studied materials
	Methods of investigation

	Results
	Major elements composition
	Samples collected in the field
	Samples purchased from the open market

	Trace elements
	Samples collected in the field
	Samples purchased from the open market

	Anions
	Samples collected in the field
	Samples purchased from the open market

	Soil pH
	Non-carcinogenic health risk index

	Discussion
	Potential health effects of the chemical elements present in the studied material
	Potential positive health effects of the essential elements
	Potential negative health effects
	Major elements
	Trace elements
	Anions


	Soil pH
	Non-carcinogenic health risk indices

	Concluding remarks
	Acknowledgements
	References




