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Abstract

The idea that human health is tied to the soil is not a new one. As far back as circa
1400 BC the Bible depicts Moses as understanding that fertile soil was essential to the
well-being of his people. In 400 BC the Greek philosopher Hippocrates provided a list
of things that should be considered in a proper medical evaluation, including the prop-5

erties of the local ground. By the late 1700 and early 1800s, American farmers had
recognized that soil properties had some connection to human health. In the modern
world, we recognize that soils have a distinct influence on human health. We recognize
that soils influence (1) food availability and quality (food security), (2) human contact
with various chemicals, and (3) human contact with various pathogens. Soils and hu-10

man health studies include investigations into nutrient supply through the food web
and routes of exposure to chemicals and pathogens. However, making strong, scien-
tific connections between soils and human health can be difficult. There are multiple
variables to consider in the soil environment, meaning traditional scientific studies that
seek to isolate and manipulate a single variable often do not provide meaningful data.15

The complete study of soils and human health also involves many different specialties
such as soil scientists, toxicologists, medical professionals, anthropologists, etc. These
groups do not traditionally work together on research projects, and do not always ef-
fectively communicate with one another. Climate change and how it will affect the soil
environment/ecosystem going into the future is another variable affecting the relation-20

ship between soils and health. Future successes in soils and human health research
will require effectively addressing difficult issues such as these.

1 Introduction

Many people probably think about things such as an active exercise program, wise food
choices, good medical care, and proper sanitation when they think about their health,25

but few probably think about soils when thinking about health issues. The truth is soils
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form an integral link in the holistic view of human health, and some have recognized
there are connections between soil and human health going back thousands of years.
While the group that actively recognizes soils are important to human health is probably
still in the minority when considering the human population at large, many advances
have been made in the study of soils and human health. This paper will review some5

of the more important of these advances, explore where the field of soils and human
health is today, and offer some opinions regarding future needs in soils and human
health research.

2 Soils and human health prior to the 21st century

The idea that there are links between soils and human health is an ancient one. The10

Bible depicts Moses as understanding that fertile soil was essential to the well-being
of his people circa 1400 BC as they entered Canaan: “See what the land is like and
whether the people who live there are strong or weak, few or many. What kind of land
do they live in? Is it good or bad?. . . How is the soil? Is it fertile or poor? Are there trees
on it or not? Do your best to bring back some of the fruit of the land.” (Numbers 13:18–15

20). Likewise, in 400 BC Hippocrates provided a list of things that should be considered
in a proper medical evaluation. The list included the ground: “. . . whether it be naked
and deficient in water, or wooded and well-watered, and whether it lies in a hollow,
confined situation, or is elevated and cold. . . ” (Hippocrates, 2010). And in 60 BC, the
Roman writer Columella discussed hidden diseases contracted from marshes, which20

even physicians did not understand (Sylvia et al., 1998). Therefore, even though most
in the ancient world viewed illness as punishment from the gods (Queijo, 2010), some
were beginning to realize that the natural world, including soils, played a role in hu-
man health. These recognitions of the fact there were relationships between soils and
human health date to some of the earlier days of human soil knowledge (Brevik and25

Hartemink, 2010).
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In the late 1700s in “Letters from an American Farmer ”, de Crèvecoeur wrote “Men
are like plants; the goodness and flavor of the fruit proceeds from the peculiar soil and
exposition in which they grow” (de Crevecoeur, 1904), and Stoll (2002) noted that in
the early 1800s some North American farmers recognized a link between an enduring
agriculture and an enduring society. Therefore, humans did recognize to at least some5

extent the importance of soils to overall human health before, and in some cases thou-
sands of years before, the 20th century. However, this recognition was based on casual
observations leading to logical conclusions rather than scientific investigation.

In the 1900s the idea that soils influence human health gained considerable trac-
tion. In 1921 Robert McCarrison published “Studies in Deficiency Disease”. McCarri-10

son (1921) concluded that the fertility of a soil determined the vitamin content of food
crops grown in it, and therefore influenced human health. He also speculated that soil
bacteria could contribute to human diseases.

At least three chapters in the 1938 USDA Yearbook of Agriculture included recogni-
tion of the importance of soil as the origin of many of the mineral elements necessary15

for human health (Browne, 1938; Kellogg, 1938; McMurtrey and Robinson, 1938). By
1957 USDA scientists had realized that soils were not only important in the supply of
essential nutrients, but that they could also supply toxic levels of elements to the hu-
man diet (Bear, 1957). The US Department of Agriculture established the Plant, Soil
and Nutrition Research Unit (PSNRU) on the Cornell University campus in 1940. The20

PSNRU’s original mission was to conduct research at the interface of human nutrition
and agriculture to improve the nutritional quality and health promoting properties of
food crops. The PSNRU mission has expanded since its founding, but soils and human
health is still a major research area (PSNRU, 2008).

On 22 March 1939 a 31 member medical committee representing County Palatine of25

Chester in the United Kingdom published a document titled “Medical Testament” (Kerr
et al., 1939). In this testament, the committee acknowledged that life expectancies
in the UK had increased. However, the committee also concluded that despite this
increase in life expectancy, illness was also on the rise and that this rise in illness was
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due to poor nutrition in the typical British diet. Furthermore, the committee concluded
that the poor nutrition in British food was due to agricultural practices that exhausted the
soil of essential nutrients. The medical committee concluded that roughly half the work
of medical personal in Britain was wasted due to the poor nutritional quality of British
food, and that significant advances in human illness rates would only be achieved by5

addressing the underlying causes of food quality, which required restoration of soil
fertility.

Government agencies were not the only groups recognizing connections between
soils and human health in the first half of the 20th century. A 1940 work by R. A. Hayne,
published by the International Harvester Company of Chicago, Illinois, USA, noted that10

poor soils led to “stoop-shouldered, poverty-stricken people” and “If we feed the soil it
will feed us”. Hayne (1940) went on to state that “Only productive soil can support a
prosperous people” and “To be properly and healthfully fed we must have food from
soils containing the elements necessary to maintain good health”. Hayne (1940) also
noted the importance of nutrient transfer from soils to animals to humans.15

A major human health breakthrough in 1940 was the isolation of antibiotic com-
pounds from soil organisms by the research group at Rutgers University lead by Sel-
man Waksman. Soil microorganisms create antibiotic compounds in an effort to gain
a competitive advantage in the soil ecosystem. Humans have been able to isolate
those compounds and use them advantageously in the fight against bacterial infec-20

tions. Waksman was awarded the Nobel Prize in Physiology or Medicine in 1952 for
this work (Brevik, 2009a).

Also in 1940 Sir Albert Howard published “An Agricultural Testament”. Although pri-
marily a work promoting organic agriculture, Howard devoted a chapter to the effects
of soil fertility on human health. Howard followed this up in 1947 with his work “The25

Soil and Health: A Study of Organic Agriculture”. Again, although best known for its
substantial influence on the organic agriculture movement, this work also includes a
chapter on soil fertility and human health. In both chapters Howard began by outlining
the difficulties inherent in studying the links between soils and human health. He then
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reviews work done on the topic to that point by other researchers, and examples of links
between the types of foods consumed and human health are given. In “The Soil and
Health”, Howard also provides examples of various groups around the world renowned
for good health, and the relationship these groups have with the land was discussed.
Howard’s conclusion in both books was that the health of the soil that foods are grown5

in affects the health of the people who consume the foods.
“The Living Soil” was published by Lady Eve Balfour in 1943. This work began with

a discussion of what soil is and the threat erosion posed to soil fertility. Balfour goes on
to discuss how much human illness is likely caused by inadequate nutrition as a result
of the foods we consume. After discussing various lines of evidence that the condition10

and fertility of the soil is important to the nutrient content of food crops grown in that
soil, and thus human health. Balfour concluded that we need to change our approach
to agriculture and our thinking about the role of soils in human health.

J. I. Rodale’s 1945 book “Pay Dirt: Farming and Gardening with Composts” devoted
two chapters to human health as it relates to soil. Rodale stated that we have been15

mining our soil, and that the use of chemical fertilizers has led to a change in the
nutrient value of crops raised for our food supply because typical chemical fertilizers do
not return all of the nutrients removed by crops. As evidence, Rodale cited increases
in heart disease in the parts of the United States that had been farmed the longest. He
also speculated that increases in mental health problems could be related to nutrition20

deficiencies. Rodale (1945) concluded that the vitamin content of our food is dependent
on the soils in which they are grown, and that many American health problems are
related to the soils in which our food supply is grown.

In the 1940s and 50s William Albrecht of the University of Missouri became inter-
ested in links between soils and human health, an interest that lead to the publication25

of several papers. Albrecht’s works focused on links between soil fertility and dental
health, with a particular focus on the relationships between soil fertility and dental cavi-
ties (caries) (e.g., Albrecht, 1945, 1951). However, Albrecht did extend the relationships
between soil fertility and human health out to broader, more general health issues in
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some of his writings (Albrecht, 1957). For example, Albrecht (1957) concluded that
excessively weathered tropical soils led to “malignant nutrition”, or a general break-
down of body functions, because these soils lacked the proper nutrients to allow for
the appropriate synthesis of proteins in the local food supply. On the other hand, Al-
brecht (1957) concluded that the overall environmental conditions of locations such as5

the Midwestern United States allowed for fertile soils and proper protein production for
good health. While Albrecht’s conclusions were not all correct, he did recognize that
links existed between the fertility of a soil and the nutritional value of the plants grown
in that soil, and that this carried up the food chain to the animals, including humans,
who depended on products grown in that soil.10

André Voisin published “Soil, Grass, and Cancer ” in 1959. This was an extensive
work devoted to ties between soils and human health. Voisin began his book by not-
ing that human cells are composed of mineral elements that originate in the soil, and
that humans are a “biochemical photograph” of the soils in the environment in which
we grow our food. Voisin also noted that getting a clear picture of how a given soil15

influences human health was a difficult undertaking due to the international trade of
food products, meaning any given person received nutrients from a wide geographic
range of soils. Much of Voisin’s (1959) work focused on nutrient content in soils, includ-
ing both nutrient deficiencies and imbalances, and how they influence nutrient status
in plants and animals that are in turn consumed by humans. Several health problems20

were discussed, including but not limited to birth defects, goiter, mental illness, dia-
betes, and cancer. Voisin (1959) also points out ancient folk knowledge that indicates
an understanding of soil-human health relationships by our ancestors in numerous
places throughout the book. He concluded that the medical profession had largely ig-
nored soils in their efforts to improve human health, but that soil science should be the25

foundation of preventative medicine.
Soils and human health studies continued in the later part of the 20th century, with

publications related to soils and human health being too numerous to list completely.
Therefore, examples will be given. The health effects of exposures to radioactive
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elements in soils received considerable attention after the 1986 Chernobyl incident
(e.g., Elstner et al., 1987; Wynne, 1989; Balonov et al., 1999; Dushenkov et al., 1999).
However, even prior to Chernobyl radionuclides in the soil and how they may affect
human health were receiving attention (e.g., Comar, 1960; Franca et al., 1965; Co-
hen and Jow, 1978; Adriano, 1979). Investigations into the effects of heavy metals in5

soils became a common theme (e.g., Walsh et al., 1977; Morgan and Simms, 1988;
Strehlow and Barltrop, 1988; Fergusson, 1990; Alloway, 1995; Albering et al., 1999),
as did organic chemicals in soils (e.g., Pettry et al., 1973; Calvet, 1989; Sedman,
1989; Chaudhry and Chapalamadugu, 1991; Pohl et al., 1995; Simcox et al., 1995).
Geophagy, the practice of eating soil, has attracted the interest of anthropologists and10

geographers for many years (e.g., Laufer, 1930; Dickins and Ford, 1942; Hertz, 1947;
Cooper, 1957; Anell and Lagercrantz, 1958; Halsted, 1968) and remained a subject
of study (e.g., Vermeer and Frate, 1979; Danford, 1982; Frate, 1984; Abrahams and
Parsons, 1996; Calabrese et al., 1997). The effects of trace elements on human health
received attention (e.g., Underwood, 1956; Sorenson et al., 1974; Thomson and Robin-15

son, 1980; Cakmak et al., 1996; Mills, 1996; Senesil et al., 1999). In the mid-1980s
selenium was added to all micronutrient fertilizers in Finland to compensate for low
selenium levels in crops; this was successful in increasing the selenium uptake of the
Finnish population (Varo et al., 1988). Following up on the discovery of antibiotics, soil
organisms received increased attention as they related to human health (e.g., Ran-20

gaswami and Ethiraj, 1962; Lechevalier and Lechevalier, 1967; Bérdy, 1974). About
78 % of antibacterial agents and 60 % of new cancer drugs approved between 1983
and 1994 had their origins in the soil, as did about 60 % of all newly approved drugs
between 1989 and 1995 (Pepper et al., 2009). In addition to the medicines derived from
soils and soil organisms, it was also recognized that soil organisms could cause illness25

(e.g., Bagdasaryan, 1964; Duboise et al., 1976; Brown et al., 1979; Rowbotham, 1980;
Hagedorn et al., 1981; Waldron, 1985; Gilles and Ball, 1991) (Fig. 1).

By the end of the 20th century, M. A. Oliver (1997) noted that “. . . there is a dearth
of quantitative information on the relations between elements in the soil and human
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health; . . . there is much speculation and anecdotal evidence.” The idea that soils in-
fluence human health is not new; it has existed for thousands of years and gained
considerable attention in the 20th century. However, the scientific study of soils and
human health is a recent undertaking.

3 The present5

A number of articles have been published over the last 10 years reviewing the sta-
tus of our knowledge of soils and human health (e.g., Deckers and Steinnes, 2004;
Hough, 2007; Brevik, 2009a; Pepper et al., 2009; Handschumacher and Schwartz,
2010; Steinnes, 2011; Brevik, 2013a). Books addressing soils and human health are
also being published. Skinner and Berger (2003) and Selinus et al. (2005) produced10

volumes that focus on links between geology and human health, but several of the
chapters in both works address soils topics as well. Brevik and Burgess (2013a) edited
a volume that is the first modern book to focus exclusively on the links between soils
and human health. Modern research has led us to recognize that soils influence hu-
man health through (1) food availability and quality (food security), (2) human contact15

with various chemicals, and (3) human contact with various pathogens (Brevik, 2013a;
Burras et al., 2013).

The PSNRU remains active in soils and human health research, but it is not the only
US government agency involved in soils and human health research. Agencies such
as the US Geological Survey, the Centers for Disease Control and Prevention (Selinus20

et al., 2005), and the Department of Energy (Turick et al., 2013) are also involved, as
are other branches of the USDA (Selinus et al., 2005; Gardner et al., 2012). Other
governments have soils and human health work being conducted by their agencies as
well. For example, the British Geological Survey, Geological Survey of Canada, and
Geology Survey of Sweden have all devoted recent efforts to soils and human health25

topics (Selinus et al., 2005).
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Many topics are investigated in the modern soils and human health community. One
of the major topics involves the transfer of nutrients from soil to people. The transfer of
nutrients may involve the transfer from soils to plants to people (e.g., Rayman, 2000;
Cakmak, 2002; Kabata-Pendias and Mukherjee, 2007; Cakmak, 2008; Spiegel et al.,
2009), from soils to plants to animals to people (e.g., Jones, 2005; Klasing et al., 2005),5

or even directly from soils to people (e.g., Smith et al., 2000; Abrahams et al., 2006;
Hooda and Henry, 2007; Young, 2007). In all cases, the fundamental idea is that many
essential human nutrients begin in the soil and are passed on to humans through the
food web.

Research into toxic exposures to various chemicals continues to receive significant10

attention. This topic includes heavy metals (e.g., Kibble and Saunders, 2001; Filippelli
and Laidlaw, 2010; Taylor et al., 2010), radioactive materials (e.g., Yamada, 2003; Ap-
pleton, 2007; Hu et al., 2010), and organic chemicals (e.g., Albihn, 2001; Horrigan et
al., 2002; Lee et al., 2003; Chamignon et al., 2008). Soil pathogens have also con-
tinued to receive attention (e.g., Jovic et al., 2001; Jenkins et al., 2002; Ross and15

Donnison, 2006; Fisher et al., 2007; Brevik and Burgess, 2013b). Additional benefits of
soil organisms have been revealed; it is now thought that exposure to soil microorgan-
isms is important in the prevention of allergies and other immunity-related disorders
(Kay, 2000; Matricardi and Bonini, 2000; Haahtela et al., 2008; Rook, 2010). Work
in geophagy frequently gets tied into these studies, because the deliberate ingestion20

of soil can lead to exposure to hazardous materials and soil organisms (e.g., Wilson,
2003; Abrahams, 2005; Shigova and Moturi, 2009; Young et al., 2010; Henry and Cring,
2013). The health effects of dust generated from soil sources has also seen recent in-
terest (Sharratt and Lauer, 2006; Whicker et al., 2006; Gardner et al., 2012; Buck et
al., 2013).25

Some research involves less direct influences of soils on human health. Soil and
water interactions and how they play into human health is an area that receives study
in the current research environment. Interactions between soil and water can lead to
exposures including toxic levels of hazardous materials (Kolpin et al., 2000; Harvey
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et al., 2006; Dubrovsky and Hamilton, 2010) and pathogens (Jamieson et al., 2002;
Nasser et al., 2003; McLeod et al., 2008; Loynachan, 2013) in the local water sup-
ply. A famous example of hazardous materials introduced to groundwater from soil
is arsenic in Bangladesh, a problem encountered when Bangladesh switched from
surface sources of drinking water to groundwater to avoid human exposure to enteric5

pathogens (Helmke and Losco, 2013). Soils can also positively influence human health
by acting as a filter to remove hazardous materials and pathogens (Lal and Shukla,
2004; Zhang and Selim, 2005; Torkzabana et al., 2006). Soils are critical to food secu-
rity (Pimentel, 2006; Lal, 2010; Blum and Nortcliff, 2013; Brevik, 2013a), and nutritious
food is essential for human health (Cakmak, 2002; Brevik, 2009a). Modern research10

focused on the links between erosion and food security clearly demonstrates that soil
erosion threatens to undermine global food security (Pimentel, 2006; Lal, 2010) and
thus human health (Fig. 2).

4 Future topics and challenges

Research into all of the areas discussed as current soils and human health topics has15

led to significant advances, but more information is still needed in all these areas. In
addition, there is a pressing need for synergistic studies in several other areas. One
of these is investigations into the interactive relationships between chemicals found in
the environment. A good example of this interactive relationship has been observed
with Cd. High levels of Cd in soil was identified as causing itai-itai disease in Toyama20

Prefecture, Japan, however, soil solution levels similarly high in Cd do not seem to
cause health problems for people living in Shipham, England (Morgan, 2013). Several
hypotheses have been offered to explain this discrepancy. One revolves around the
fact that when Fe and Zn are deficient in the diet, Cd retention is increased 15 times
relative to people who have adequate Fe and Zn in their diets. The Japanese diet was25

Fe and Zn deficient compared to the English diet, possibly explaining the differences
in observed health affects (Davies et al., 2005). Another possible explanation revolves
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around the slightly alkaline pH of the English soils, which reduces the bioavailability of
the Cd and also likely provides elements such as Ca that interfere with Cd uptake by
humans. In addition, because of a varied diet, overall Cd levels in the average Shipham
resident’s diet were much lower than in the average diet of regions in Japan were itai-itai
was a problem (Morgan, 2013). In a similar manner, little is known about the ways that5

organic chemicals are transformed when they are introduced to the soil or the ways
that multiple organic compounds combined in the soil interact with humans exposed
to them (Burgess, 2013). Studies that account for these interactive relationships are
needed.

Research is needed to investigate the ecology and life cycles of organisms that10

spend all or part of their life in the soil. Soil pathogens are a significant source of
human health problems (Bultman et al., 2005; Loynachan, 2013) and knowledge of an
organism’s natural ecology aids in understanding its pathogenic potential (Revnakar
and Sutton, 2010). However, some disease outbreaks, such as the 2012 fungal menin-
gitis outbreak in the United States, are caused by soil organisms who’s ecology is not15

well understood (Brevik and Burgess, 2013b) (Fig. 3). An increased emphasis on the
study of soil organisms would also be important in developing new medications (Pep-
per et al., 2009; Mbila, 2013) and insuring food security through agricultural production
(Brevik, 2009b). Therefore, better knowledge of soil ecology and organisms has the
potential to improve human health in several ways.20

There are many ways that climate change is expected to influence human health,
including contributing to temperature extremes (Kalkstein and Greene, 1997; Ebi et
al., 2008), deteriorating air quality (Beggs and Bambrick, 2005; Pyle et al., 2007; Box-
all et al., 2009; English et al., 2009), and reduced food security (Parry et al., 2005;
Kang et al., 2009; Lal, 2010; Sauer and Nelson, 2011; Brevik, 2013c). Soils interact25

with the atmosphere and therefore take part in the changes that are occurring in atmo-
spheric chemistry (Brevik, 2012) that are likely driving climate change (IPCC, 2007).
This means soils have both indirect and direct impacts on human health as it is affected
by climate change (Brevik, 2013b). Our understanding of how soils influence climate
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change as well as how climate change influences soils is still incomplete (Brevik, 2012).
Therefore, there is an urgent need to study the effects of climate change on soils and
how interactions between soils and climate may influence human health.

The disposal of e-wastes (hazardous wastes generated by the proliferation of elec-
tronic devices in modern society) and their potential effects on the environment have5

become a major concern as humans increasingly use electronic devices to manage
their lives (Ha et al., 2009; Robinson, 2009; Guo et al., 2010; Frazzoli et al., 2011; Mor-
gan, 2013). E-wastes include compounds from televisions, monitors, computers, audio
and stereo equipment, video cameras, telephones, fax and photocopy machines and
printers, mobile phones, wireless devices, integrated circuits (chips), motherboards,10

cathode ray tubes (CRTs), and other items. (Frazzoli et al., 2011). E-wastes may intro-
duce heavy metals (Ha et al., 2009; Robinson, 2009) and organic chemicals (Robinson,
2009) into soil. In many developing countries the processing of e-wastes is not well reg-
ulated, which has led to significant contamination in some e-waste recycling centers.
However, the potential pathways of human exposure to these materials are difficult to15

evaluate (Morgan, 2013). Exactly what role soils may play in these exposures is an
important area for future study.

A less traditional area that needs study is the possible health benefits from direct soil
contact. This line of research follows in the tradition of studies that show improved hu-
man health through plant/nature contact (e.g., Ulrich, 1984; Cimprich, 1993; Lohr and20

Pearson-Mins, 2002; Relf and Lohr, 2003; Biederman and Vessel, 2006; Barton and
Pretty, 2010). Although not always acknowledged, the foundation of these plant/nature
interactions is soil, and it is therefore logical to conclude that contact with healthy soil
could itself provide some measure of benefit to human health (Heckman, 2013). There
have also been indications that interaction with soil can have a relaxing effect on hu-25

mans (Hanyu et al., 2014). Likewise, there are many with strong beliefs that organic
farming is better for human health than conventional farming, but additional research is
needed to investigate this (Carr et al., 2013). Only the implementation of well-designed
studies will provide definitive answers to these less traditional questions.
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5 Conclusions

There is a long history documenting the recognition that soils are important to human
health. However, up until the late 20th century much of this recognition was based
on antecedal evidence rather than sound scientific research. Rigorous, well-designed
scientific studies in this area are needed. These studies must involve interdisciplinary5

collaboration as narrow research efforts will not be able to adequately address many
of the issues we need to investigate (Handschumacher and Schwartz, 2010; Brevik
and Burgess, 2013b). Complex interdisciplinary research teams are needed with ex-
pertise in relevant areas and the ability for team members to communicate effectively
with one another at a professional level. Many disciplines are involved in soils and10

human health research (e.g., soil science, geology, geography, anthropology, biology,
agronomy, sociology, public health, the medical professions, etc.), and not all of these
disciplines traditionally work together. Similarly, we need to address how well traditional
funding agencies/pathways and ways of establishing priorities for the distribution of re-
search funds work in addressing the soils and human health topic. A recent review of15

soil physics papers showed that none of them were funded by groups that fund human
health research (Kirkham, 2012), even though soil physicists frequently investigate top-
ics that have relevance to human health. If soils are an important component of human
health, shouldn’t these groups fund relevant soils research? And if these groups won’t
fund that research, who will? Looking to the future, research is needed in many areas20

related to the soils and human health issue. These include chemical interactions in
the soil, soil ecology, soil-climate change interactions, human contaminate pathways
involving e-wastes, and the possible health benefits to be derived from working with
soil. Evidence indicates that understanding the links between soils and human health
should be given more weight in human health research.25

Acknowledgements. This paper is based on a presentation given in the Milestones in Soil
Science Research session at the 2012 European Geosciences Union meeting.
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Figure 1. A child with hookworm showing visible signs of edema, was also diagnosed with
anemia (left); ringworm on the skin of the right axilla and flank due to Trichophyton rubrum
(middle); anthrax lesion on the neck (right). These health problems are caused by helminthes,
fungi, and bacteria found in the soil, respectively. (Courtesy Centers for Disease Control and
Prevention, images #5243, #482, and #1934).
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Figure 2. The loss of nutrient-rich topsoil along the top of this hill has compromised the ability
of the soil to support crops as shown by the visibly reduced vegetative growth. Productivity
losses such as this can jeopardize food security, and thus human health, if they occur over
large areas. (Photo by Gene Alexander, USDA NRCS)
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Figure 3. A magnified photograph of the dematiaceous fungus Exserohilium rostratum, the
fungus implicated in the 2012 fungal meningitis outbreak in the United States. (Courtesy of the
Centers for Disease Control and Prevention).
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