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Health and social impacts of geophagy in panama

ABSTRACT

Introduction: Geophagy is a human behaviour involving the ingestion of earthy substances such 
as soil and clay. Common among pregnant women in rural, tropical areas, it is culturally accept-
ed within some societies and stigmatized within others. There is no scientific consensus on the 
effects of geophagy on human health. This study was developed as a comprehensive diagnostic 
to assess the causes, social aspects and potential health impacts of geophagy among pregnant 
women in rural Panama. Methods: Private, structured interviews (n=41) were carried out with 
women in ten subsistence community farms in the province of Veraguas and the Ngöbe-Bugle 
Comarca. Additional interviews with healthcare workers were conducted at nearby healthcare 
facilities. Five soil samples were collected in locations indicated by confirmed geophagists, sub-
jected to simulated human digestion and analyzed for mineral composition and parasite eggs. 
Results: There is no cultural or religious element to the practice; rather it seems to be driven by 
physiological desires tied to the smell of the material. Prevalence is higher among women with 
lower education levels and poorer nutritional status suggesting that the practice is associated 
with low socioeconomic status. Soil analysis did not indicate presence of parasites, but there are 
potential nutritional benefits of the practice by providing essential minerals missing in the diet. 
Discussion: We find that geophagy in Panama may offer nutritional benefits. However, without a 
clearer understanding of specific effects of soil in the gastrointestinal tract, it is difficult to deter-
mine direct biophysical impacts of geophagy. 
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Introduction

Pica is generally described as the act of habitually eating non-
food substances. There is inconsistency in the literature about 
the precise definition of pica; it has been described as an eating 
disorder, as an obsessive-compulsive behaviour, or as a normal 
adaptive response to numerous physiological or environmental 
conditions (1-3). Geophagy is a type of pica that involves the in-
gestion of earthy substances such as soil, clay, mud, ash or stones. 
Humans and animals on almost all continents practice geophagy 
in a variety of forms, making it one of the most common types of 
pica (1, 4, 5). In animals, geophagy is considered to be a normal 
adaptive behavior, that is documented among numerous animal 
groups including primate species (6).  Despite its wide distribu-
tion and long documented history, human geophagy is not well 
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understood. It is acknowledged that the behaviour is most preva-
lent among populations in tropical climates, and that it is pos-
sible to define high-risk groups (4). Populations most likely to 
engage in geophagy live in rural areas, practice a traditional cul-
ture, and have little or no access to modern healthcare facilities 
(7,8). Within these high-risk communities, geophagy is most 
common among young children and pregnant women who have 
a family history of pica, therefore it is perhaps a tradition that 
is passed on through generations (8,9).  Interestingly, geophagy 
has been shown to be associated with micronutrient deficiencies, 
especially iron and zinc (10-14). Geophagy has been linked to 
physiological, cultural, and socioeconomic factors, adding to the 
complexity and mysterious nature of the behaviour. 

Behavioural Drivers
The many theories developed to explain the etiology of geophagy 
fall into two main categories: functional and cultural. Functional 
hypotheses focus on the physiological drivers, whereas the cul-
tural hypotheses focus on the sociological drivers and cultural 
evolution of earth-eating traditions.

Functional
The first and simplest functional explanation is that people may 
consume soil or clay because they have insufficient food; incidents 
of geophagy have certainly been documented in times of famine 
or food insecurity (15,16). Another functional hypothesis pro-
poses that humans eat earth in response to receiving insufficient 
nutrients. This crucial link between geophagy and micronutrient 
deficiencies is supported by the observation that individuals with 
heightened nutritional needs—children and pregnant women— 
are the primary geophagists. Some studies propose that it is a 
pre-existing nutrient deficiency from a lacking diet that creates 
the physiological desire to engage in geophagy (12,17,18). Oth-
ers, however, suggest that the ingestion of materials such as clay 
and soil that binds and blocks the absorption of minerals such 
as iron and zinc into the bloodstream, thus creating the observed 
deficiency (3,8,19,20).  Soils with high cation exchange capacity 
(largely negative surfaces) can bind and adsorb nutrient cations 
to their surface, decreasing their availability for absorption into 
the bloodstream (21). In simulated human digestion, Hooda et. 
al. observed a decreased absorption of zinc, iron and copper in 
solution due to the presence of soil (21). Similarly, Arcasoy et. 
al. reported a lower iron absorption in iron-deficient children 
who practiced geophagy when compared to controls (22). A final 
functional hypothesis incorporates the two viewpoints and sug-
gests that geophagy is both the cause and result of deficiencies. 
Geophagy may be initially driven by a deficit in the diet but 
then also leads to the binding of nutrients in the gut, which then 
exacerbates the deficiencies of the geophagists and reinforces the 
behavior (23-26). Although many studies have shown a correla-
tion between mineral deficiencies and geophagy, it is difficult to 

determine the net effect of the ingestion of different soil types on 
nutrient availability in the gut.

Clay consumption in response to nausea and vomiting is com-
mon during early pregnancy, and is evidence that geophagy al-
leviates gastrointestinal distress. It is postulated that clay and 
soil can also absorb pathogens and toxins, preventing their entry 
into the bloodstream or intestinal endothelium (3,10). In fact, 
kaolin clay was the original active ingredient in Kaopectate, an 
over-the-counter drug used to treat nausea, vomiting and di-
arrhea (10). From another theoretical perspective, geophagy is 
perceived as an adaptive behavior to enhance immune system 
function. The ingestion of soil may help prevent asthma and aid 
in the development of a healthy immune system (9,27).

Cultural
Eating earth is often associated with rituals, traditions and re-
ligion. Hunter suggested that geophagy spread to the Americas 
during the slave trade, and the activity then disseminated all over 
North, Central and South America (1). Early reasons for soil 
eating include supernatural beliefs that soil has the ability to en-
sure fertility and a healthy pregnancy (28). In many parts of the 
tropics, earth-eating is a widespread and open practice and is 
deeply ingrained in traditional culture. It is still common practice 
to purchase specially prepared clay tablets and other geophagic 
materials at local marketplaces for consumption in rural areas 
of the developing world (4). In African societies, geophagy is a 
social activity that forms part of the feminine identity. It is often 
carried out collectively in groups of women, but hidden from 
men of the community (4, 29). 

 In many parts of Central America, geophagy is clearly deeply 
ingrained in religious practice. The ‘cult of the Black Christ’ 
has resulted in commercially traded white clay tablets available 
throughout Guatemala, Honduras, El Salvador, Nicaragua and 
Costa Rica (1). Pilgrimages to holy sites associated with the 
‘Black Christ’ to purchase tablets blessed by the Roman-Catho-
lic Church are made at various times throughout the year (30). 
Women eat as much as six small tablets of 'tierra santa' per day 
hoping to ensure easy pregnancy and childbirth (1, 30). 

Note that this strong cultural link is not inherent in all cases 
of geophagy. In many parts of the world, the practice is highly 
stigmatized and geophagists carry out the behavior in solitude 
(10, 25, 31). 

Culture-Nutrition Hypothesis
Ultimately, cultural and functional reasons for geophagy are in-
extricably linked. The high incidence of co-existing geophagy 
and iron deficiency led to the development of a 'culture-nutri-
tion hypothesis': physiological needs subconsciously determine 
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behavior, with the behavior often being integrated into cultural 
practices (16). This proposes that the practice of geophagy is an 
instinctual behavior, borne out of a biological need for essential 
minerals, and then incorporated into cultural practices.   

Regardless of factors that motivate geophagy, it is still unclear 
whether the behavior has positive, neutral or negative impacts on 
human health. The scientific community often defines geophagy 
as a pathological behavior, an eating disorder, or a symptom of 
mental illness. This is likely associated with the general accep-
tance of ‘germ theory’ which views dirt as a vector for the spread 
of disease (32).  

Health Impacts 
The best-studied potential consequence of geophagy is the risk 
of ingesting soil-borne infectious parasites. Two organisms that 
are of concern during pregnancy are hookworm and Toxoplasma 
gonii, associated respectively with malnutrition and fetal ner-
vous system damage (2, 33).  Another proposed consequence of 
geophagy is lead poisoning, with numerous reported case studies 
suggesting the co-occurrence of lead poisoning and geophagy 
(34-36). Lead exposure can lead to maternal and fetal kidney 
damage, encephalopathy and impaired cognitive function (35). 
Other documented health impacts include constipation, bowel 
obstruction, hypokalemia, poisoning due to other toxins present 
in the environment and a possible exacerbation of malnutrition 
(35). Additionally, some studies have hypothesized possible as-
sociations of maternal geophagic behaviour with negative birth 
outcomes such as low birth weight, neural tube defects, small 
head circumference, premature birth, and elevated perinatal 
mortality, likely due to heavy metal toxicity and maternal malnu-
trition (25,37). Finally, others have concluded there is no specific 
pregnancy outcome associated with geophagy (38,39).

Many studies have treated geophagy as a behaviour that may 
provide nutrients otherwise absent in the diet (10). The types 
of soil most commonly consumed tend to be high in calcium 
or iron (11).  Studies comparing the micro-nutritional value of 
geophagic material and pharmaceutical supplements for preg-
nancy show surprising comparability for several important nu-
trients including calcium, magnesium and iron (25). Although 
the extent of soil absorption in the intestinal tract is unknown, 
it is possible that geophagists receive nutrients from the soil. 
Thus, there are potential benefits of geophagy that cannot be 
discounted, and must be explored to understand the implications 
of this behavior. 

The practice of human geophagy, particularly during pregnancy, 
clearly has substantial and pertinent implications for mater-
nal and child health as well as effects on social interaction and 
behaviour patterns in poor, rural communities. Studying the 

prevalence and impacts of this behaviour is becoming increas-
ingly important, as the growing widespread use of agrochemicals 
in Panamanian agriculture (40) is causing high levels of toxic 
chemicals in soils that may be ingested. This study was devel-
oped to assess the causes as well as the social and biophysical im-
pacts of human geophagy during pregnancy in Panama in order 
to understand its general context in a country where it has not 
previously been documented. Components of the study included 
informal interaction and observation within rural communities, 
structured individual interviews, and analysis of soil composition 
of confirmed geophagic materials. 

 

Fig 1. Map of Panama showing provincial boundaries
Image used under creative commons license; accessed from 
http://mapsof.net/uploads/static-maps/countries_panama_provinc-
es_2005_10_18_en.png

Fig 2. Map of Veraguas, Panama (green circles demark farms visited.)
Image used under creative commons license; accessed from 
http://mapsof.net/panama/static-maps/jpg/veraguas-panama-political-map
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Methodology

Data were collected at 10 community-owned farms in western 
Panama, in the province of Veraguas and the Ngöbe-Buglé co-
marca land reserve (Fig. 1). Access to the farms was provided 
through the local NGO the ‘Patronato de Nutrición’ that works 
with rural subsistence farmers to manage and run community 
farms. For the purposes of this project, farms were selected based 
on accessibility (Fig. 2). Data collection began with a concise, 
neutral introduction to geophagy including a description of the 
behaviour and summaries of both possible benefits and risks to 
maternal and child health, combined with an explanation of the 
research project and objectives. The introduction was given to all 
members of a farm and time was allowed for public sharing of 
stories or opinions on the topic by members of the community. 
This was followed by obtaining informed consent and conduct-
ing private, structured interviews with female volunteers (n=41) 
from the group using a questionnaire and interview methodol-
ogy written in accordance with the McGill University Protocol 
for Research in Panama’s Indigenous Communities (41). Ad-
ditional interviews were conducted with health care workers at 
the regional Hospital Ezequiel Abadía in Soná, Veraguas, and 
at the health center at Nuestra Señora del Camino in San Félix, 
Chiriquí. Five samples of approximately 100g of geophagic mate-
rial, identified by confirmed geophagists were collected. Labora-
tory analysis for parasite eggs was carried out by the Parasitology 
Department of the University of Panama using a 3-step process 
of simple sedimentation, and treatment with formolether, and 
flotation. Mineral composition of the samples was determined by 
the “Instituto de Investigaciones Científ icas y Servicios de Alta Tec-
nología” (INDICASAT) following the methodology in Geissler 
et. al. (42): from each sample, 10.0g were shaken with 100ml 
of 0.1M HCl for 2 hours to simulate human digestion and the 
filtrate was examined for select minerals by inductively coupled 
plasma (ICP) mass spectrophotometry (42). 

Results

The prevalence of confirmed geophagy among women inter-
viewed was 22.5%. The most commonly consumed materials were 
red non-porous clay, red dry soil and yellow dry soil, with more 
infrequent reports of termite mound soil, river rocks and wet ash. 
Although some women practiced geophagy throughout their 
lives, it was most common during childhood and pregnancy. The 
average amount consumed was shown as handfuls by geophagists 
and approximated as 50g per event, ingested about once a week. 
Discussions revealed a strong stigma associated with the behav-
iour: almost all geophagists practiced in complete solitude and 
expressed embarrassment in response to their actions. Those that 
admitted to a desire to partake in geophagy without having done 

so (12.2%) explained that they did not do so because the staff at 
the local Centro de Salud (health centre) told them it was danger-
ous. As well, geophagists reported an intense desire to ingest the 
material associated with its smell, and an increased likelihood 
of engaging in geophagy after heavy rainfall. Overall, confirmed 
geophagists had more children, lower estimated infant survival 
(calculated by dividing the number of children to survive past 
age 5 by the total number of births in the mother’s lifetime), were 
older in age, ate animal protein less frequently and had fewer 
years of formal education than non-geophagists (Table 1). 

Interviews with health care workers in the regional urban gov-
ernment hospital in Soná and rural non-government health 
center in San Félix revealed a perception that geophagy is an 
unhealthy vice that should be discouraged. The head nurse of 
obstetrics in the regional hospital believed geophagy used to be 
more common but is now almost unheard of due to the improve-
ment of access to healthcare in Panama since the 1980s. Con-
versely, the worker at the small health center maintained it was 
very common in rural and indigenous areas and is recognized as 
one of the first symptoms of pregnancy. Both health care workers 
believed geophagy could lead to premature birth, maternal and 
fetal malnutrition and peri-natal complications. 

Laboratory analysis of geophagic material samples revealed that 
no sample contained any human parasite eggs or any detectable 
amounts of lead or nickel; however they did contain considerable 
amounts of essential minerals such as copper, iron and magnesium. 

Geophagic 
women
(n=9)

Geophagic 
women
(n=9)

p-value

Average Age
(years)

47.9 40.3
0.194
(2-tailed t-test)

Average # 
Children

6.1 4.8
0.271
(2-tailed t-test)

Estimated Infant
Survival Rate

88.7% 93.9%
0.18
(chi-square)

Meat > 1/Week 0% 39.4%
0.054
(chi-square)

Literacy Rate 55.6% 96.9%
0.001
(chi-square)

Average # yrs of 
education

3.2 5.6
0.009
(2-tailed t-test)

Table 1. Comparison of pertinent socioeconomic indicators that were evalu-
ated among interviewees
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Discussion

This is the first documented study of geophagy in Panama. In the 
examined area, there is no apparent cultural or religious compo-
nent to the behaviour. All confirmed geophagists indicated that 
they carried out the activity in solitude in response to a strong 
desire for the material associated with its smell. For many of the 
respondents, the formal interview was the first time they had 
spoken about geophagy. Because of the strong stigma associated 
with the behaviour, it is extremely likely that the prevalence of 
geophagy is higher than observed, thus making analysis of asso-
ciated socioeconomic and health effects extremely difficult. 

Fig. 3 Nutrients in soil available for absorption in an average single geophagic event of 50g soil. Amounts of the five soil samples are compared to Health 
Canada’s recommended daily allowances (RDAs) (43, 44) for adults (first column) and for pregnant women (second column) for six nutrients. No sample 
had any detectable amounts of lead or nickel

The observed social stigma associated with geophagy is clearly 
perpetuated by local health care workers that regard it as an un-
desirable act. Some of the interviewees expressed a desire to en-
gage in geophagy but had never done it because they were given 
the impression by healthcare workers that it was a dangerous and 
unhealthy practice. However, if geophagy is an adaptive response 
to a physiological need, it is entirely possible there are nutritional 
benefits gleaned by those who desire to engage in this activity. 
Until we have a more full understanding of its impacts on health 
and social interaction within a community, the subject should be 
approached with neutrality and sensitivity by both researchers 
and health care workers.

L. Crawford and K. Bodkin
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One notable observation was the correlation between socioeco-
nomic factors and geophagy. There was a strong, statistically sig-
nificant association between levels of education and geophagy, with 
geophagic women reporting fewer years of education (p=0.009) 
and lower literacy rates (p=0.001). This is interesting because it 
points to geophagy being more strongly linked with education as 
opposed to nutrition. Statistically insignificant associations include 
less meat intake (p=0.054), lower infant survival rate (p=0.18), 
older age (p=0.194) and greater number of children (p=0.271). An 
increase in sample size is required in order to guarantee statistical 
significance of results and run regression modeling in order to de-
termine relative strength of correlation. In agreement with previ-
ous studies linking the behaviour with iron deficiency and anemia, 
we found geophagy to be more common in individuals with lower 
frequency of meat consumption and poorer overall nutrition in 
general. Many of the geophagic women indicated they did not 
have enough food for three meals a day, and were subsisting on 
rice and beans, with meat consumption occurring less than once 
per week. The iron, copper and magnesium from a 50-g sample 
of the soil could potentially contribute substantially to meeting 
Health Canada’s recommended daily allowances for essential mi-
cronutrients (Fig. 3). 

If the behaviour is in fact driven by iron-deficiency anemia or 
other micronutrient deficiencies, geophagy may be a physi-
ologically corrective behaviour. However, in vitro attempts by 
Hooda et. al (2004) to determine actual benefit from samples 
of geophagic materials suggest a net decrease in nutrient ab-
sorption for iron, copper and zinc, despite the minerals being 
present in the soil itself (21). Conversely, the study also suggests 
the same soils may increase the absorption of other nutrients 
such as calcium, magnesium and manganese, yet this varies for 
different samples studied. Clearly, the mechanisms of nutrient 
absorption are complex across different soils and for different 
minerals. In our study, we observed a large contribution of the 
daily requirement of iron and other minerals by the soil after a 
simple simulated human digestion. Yet it is clear that without 
a complete and in-depth absorption analysis like that done by 
Hooda et. al. for these specific samples, it is difficult to draw final 
conclusions on the overall physiological benefits or harm of the 
observed geophagy. 

In three communities, there were reports of people having severe 
medical complications due to geophagy. There were reported in-
cidences of abdominal swelling, yellowing of the skin, and death 
due to soil consumption. However, there were no available hos-
pital records to confirm this. Yellow skin and abdominal swelling 
are both symptoms of liver failure, which may indicate parasite 
infection or heavy metal poisoning (45).  Although we found no 
evidence of human parasite eggs, our limited sample size made 
it unlikely that we would detect such parasites.  None of the soil 

samples had any detectable levels of lead or nickel. Copper intake 
from 50g soil is below the acute copper toxicity limit of 15mg/d 
(43). Aluminum intake from 50g of any of the soil samples was 
well below the acutely dangerous level of 302mg of aluminum/
day (46), but the accumulation of aluminum in the body over 
time even at lower levels of intake per day may negatively af-
fect blood iron levels and nerve function (46). Adverse effects 
of geophagy indicative of liver failure, such as those reported 
in the farms, could occur if the amount of soil ingested exceeds 
approximately 150-200g per day, an amount substantially higher 
than the average 50g per week. 

Conclusion

In this study, we show that geophagy exists in modern day Pan-
ama among the rural poor. Women carry out this highly stigma-
tized behavior in private, primarily during pregnancy and child-
hood. Soil samples of confirmed geophagic materials indicate no 
presence of parasites or acutely dangerous levels of heavy metals, 
and the potential for nutritional benefits.  Within rural com-
munities, geophagy was most notably linked to lower levels of 
education, and may be linked to poorer nutritional status, more 
children, and older age. The multifaceted nature of this topic of 
research calls for an interdisciplinary team of researchers in or-
der to effectively evaluate its prevalence and potential health im-
pacts. Further studies are needed to investigate the physiological 
impact of soil ingestion on mineral status, to increase the sample 
size, and delve into causative pathways and health outcomes of 
this under-studied behaviour in rural Panama. 
 

Acknowledgements

First and foremost, we will forever be indebted to the people of 
the farms: Limón, Calabaso, La Grama, Cabuya, Jacinto, Barri-
gón, Cocuyal, Rincón Grande, Torontún and Peña Blanca. They 
exceeded our expectations for the field component of this project 
with their generosity, openness and acceptance. 

Furthermore, we are extremely grateful to the Patronato de 
Nutrición. Despite the fact that there was no prior evidence of 
geophagy in Panama, they gave us every opportunity to explore 
this topic and provided us with the necessary resources for our 
interviews and data collection. In particular, we would like to 
thank Eric Gonzalez and Danya Amores, for their patience, 
dedication and enthusiasm. 

We would also like to thank Albano Diaz at INDICASAT labo-
ratory, Rigoberto Fernandez and Nilia Morales from the Depart-
ment of Parasitology at the University of Panama, Sra. Juana at 

Health and Social Impacts of Geophagy in Panama



VOLUME 6 · ISSUE 1 ·  MARCH 2011 37

L. Crawford and K. Bodkin

the Hospital Ezequiel Abadía de Soná, Veronica Gall from the 
‘Fundación Nuestra Señora del Camino’, Dr. Sera Young and Dr. 
PW Geissler for their correspondence and advice, our supervi-
sors Dr. Marilyn Scott and Dr. Kristine Koski, Rafael Samudio, 
Roberto Ibañéz, and Carlos Arias Mejia for their academic guid-
ance and support throughout this project, McGill University, and 
The Smithsonian Tropical Research Institute.

References

1. J.M. Hunter, R.D. Kleine, Geogr. Rev. 74, 157-169 (1984).
2. P.W. Abraham, in Soil and Culture, E.R. Landa and C. Feller, Eds. 
(Springer Netherlands, 2009), p.p. 369-398.
3. T. Johns, M. Duquette, Am. J. Clin. Nutr. 53, 448-456 (1991).
4. P.W. Abraham, J.A. Parsons, Geogr. J. 162, 63-72 (1996).
5. P.W. Geissler, D. Mwaniki, F. Thiong'o, H. Friis, Trop. Med. Int. Health. 
2, 624-630 (1997).
6. R. Krishnamani, W.C. Mahaney. Anim. Behav. 59, 899-915 (2002).
7. R.W. Corbett, C. Ryan, S.P. Weinrich, Am. J. Matern. Child. Nurs. 28, 
183-188 (2003).
8. R.D. Horner, C.J. Lackey, K. Kolasa, K. Warren, J. Am. Diet. Assoc. 91, 
34-39 (1991).
9. G.N. Callahan, Emerg. Infect. Dis. 9, 1016-1021 (2003).
10. S.L. Young, M.J. Wilson, D. Miller, S. Hillier. PLoS ONE. 3, e3147 
(2008).
11. A.S. Wiley, S.H. Katz. Cur. Anthropol. 39, 532-545 (1998).
12. S. Singhi, R. Ravishanker, P. Singhi, R. Nath. Indian. J. Pediatr. 70, 
139-143 (2003).
13. C. Beyan, K. Kaptan, A. Ifran, E. Beyan. Arch. Med. Sci. 5, 471-474 
(2009).
14. J.R. Alice, J. Am. Diet. Assoc. 98, 293-296 (1998).
15. J. Castro, J. Boyd-Orr. The Geography of Hunger (Little Brown and 
Company, Boston, 1952).
16. J.M. Hunter, Geogr. Rev. 63, 173-195 (1973).
17. B. Von Bonsdorff, Brit. J. Haemat. 35, 476-477 (1977).
18. R. Kushner, V. Shanta Retelny, Obes. Surg. 15, 1491-1495 (2005).
19. P.W. Geissler, Africa. 70, 653-682 (2000).
20. P.S. Hooda, C.J.K. Henry, T.A. Seyoum, L.D.M. Armstrong, M.B. 
Fowler, Environ. Geochem. Health. 24, 305-19 (2002).
21. P.S. Hooda, C.J.K. Henry, T.A. Seyoum, L.D.M. Armstrong, M.B. 
Fowler. Sci. Total. Environ. 333, 75-87 (2004).
22. A. Arcasoy, A. Cavdar, E. Babacan. Acta Haemat. 60, 76-84 (1978).
23. C. Brand, L.D. Jager, G-I. Ekosse. J. Med. Technol. 23, 11-3 (2009).
24. Nchito, Mbiko, Geissler, Wenzel P, Mubila, Likezo, et al. (Elsevier, 
Kidlington, UK, 2004).
25. L.B. Lopez, C.R.O. Soler, M.L.P.M. de Portela. Arch. Latinoam. Nutr. 
54, 3 (2004).
26. E. Lacey, Public. Health. Rep. 105, 29-35 (1990).
27. S.T. Weiss, New Engl. J. Med. 347, 930-931 (2002).
28. M. Gelfand, East. Afr. Med. J. 22, 98-103 (1945).

29. D.E. Vermeer, Ann. Assoc. Amer. Geogr. 56, 197-204 (1966).
30. Borhegyi S. El Palacio. 61, 387-401 (1954).
31. D.E. Vermeer, Ann. Assoc. Amer. Geogr. 65, 414-24 (1979).
32. J. Henry, A.M. Kwong, Deviant Behav. 24, 353-71(2003).
33. A.I. Luoba, P.W. Geissler, G. Estambale, J. Ho, D. Alusala, R. Ayah, 
Trop. Med. Int. Health. 10, 220-227 (2005).
34. B. Hackley, A. Katz-Jacobson, J. Midwifery. Womens. Health. 48, 30-38 
(2003).
35. M. Mills, Nursing for Women's Health. 11, 266-273 (2007).
36. G. Erdem, X. Hernandez, M. Kyono, C. Chan-Nishina, L. Klwaishi, 
Clin. Pediatr. 43,185-188 (2004).
37. S.L. Carmichael, G.M. Shaw, D.M. Schaffer, C. Laurent, S. Selvin, Am. 
J. Epidemiol. 158, 1127-1131 (2003).
38. R.W. Corbett, C. Ryan, S.P. Weinrich. Am. J. Matern. Child. Nurs. 28, 
183-188 (2008).
39. A.J. Rainville, J. Am. Diet. Assoc. 98, 293-296 (1998).
40. C.I. Nicholls, M.A. Altieri. Int. J. Sust. Dev. World. 4, 93-111 (1997).
41. R. Cansarí, Y. Cárdenas, A. Chiari, H. López, E. Lucas, F. Johnson, et 
al. Protocol for Research in Panama's Indigenous Communities. Protocols 
and ethics in the Aboriginal Environment [serial on the Internet]. 2006: 
Available from: http://www.mcgill.ca/files/pfss/protocol.pdf.
42. P.W. Geissler, C.E. Shulman, R.J. Prince, W. Mutemi, C. Mnazi, H. 
Friss, et al. T. Roy. Soc. Trop. Med. H. 92, 549-53 (1998).
43. Health Canada. Dietary Reference Intakes for Vitmain A, Vitamin K, 
Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, 
Nickel, Silicon, Vanadium and Zinc (2001).
44. Health Canada. Dietary Reference Intakes for Calcium, Phosphorus, 
Magnesium, Vitamin D, and Fluoride. (1997).
45. D.L. Longo, A.S. Fauci, Eds. Harrison's Gastroenterology and Hepatol-
ogy. (McGraw-Hill, Bembo, 2010).
46. Health Canada. Aluminum [Technical Document - Chemical/Physical 
Parameters]. (1998).


