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ABSTRACT

A range of positive and negative impacts of soil on human health are re-
viewed in this article. Soil has a variety of positive functions that support
human health. It supplies nutrients to the plants and eventually to the human
body via food intake. Soil helps purification of water and serves as founda-
tion for buildings. Healthy soils impact carbon sequestration, greenhouse gas
reduction, adequate nutrient supply, water retention and efficient biodiver-
sity. Both soil macroorganisms (e.g. earthworms) and microorganisms (e.g.
N2 fixing bacteria) perform great role on soil health, and soil health in turn
has good linkage with human health. Nevertheless, soils can exert negative
impact on human health. Negative health effects occur when foods are grown
in soils that have nutrient deficiencies or toxicities and when toxic heavy
metals (e.g. Cd, As, Pb, Hg) are transferred from soils into the plants and
then into the human food chain. People are also exposed to toxic chemical
substances (e.g. soil insecticides), radionuclides (e.g. 137Cs), soil pathogens
(e.g. saprophytic fungi) and soil parasites (e.g. hookworms). Inhalation of
airborne dusts causes respiratory trouble (e.g. asthma). Many of the com-
plex interactions between soil and human health are yet to be unveiled. For
thorough understanding of the soil ecosystem and its relation to safe and
nutritious food production and broadly human health, multidisciplinary
approach is needed. Contributions of experts from agriculture, medical and
social science fields are needed to address the whole soil and human health
issues.
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1 Introduction

About 78% of per capita calorie consumption depends
on crops that grown directly on soil, and nearly 20%
on terrestrial food sources that rely indirectly on soil
(Brevik, 2012). Decline of the Mesopotamian civi-
lizations and collapse of the Maya Empire (A.D. 600)
happened partly due to soil degradation (soil ero-
sion, salinization and nutrient exhaustion) resulting
food insecurity (Olson, 1981).The capacity of a soil
to continuously support plants, animals and human
is termed as soil health (USDA, 2019). Healthy soils
continuously produce ecosystem services such as sus-
taining plant and animal productivity, increasing bio-
diversity, and maintaining or enhancing the qualities
of air and water and thereby support human health
(Anonymous, 2018).

Healthy soils impact carbon sequestration, detoxi-
fication, water retention, nutrient release and biodi-
versity (Brevik et al., 2018). Soil nutrient supply, soil
pollution and soil organisms are the key determinants
of human health. Different aspects soils that influence
human health have been well reviewed (Brevik et al.,
2020; Steffan et al., 2017; Brevik and Burgess, 2012;
Abrahams, 2002). It is the ‘negative’ general public
perception of soil; in fact they often regard it as “dirty
thing” rather than “soil,” which can produce beauti-
ful thing (e.g. flowers, fruits, vegetables). Link exists
between health of soil and health of people who con-
sume foods produced on soils (Friedrichsen et al.,
2018).

Human activities may cause physical, chemical
and biological degradation of soil (Nieder et al., 2018).
Physical degradation includes soil erosion, crusting
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and compaction, chemical degradation includes soil
fertility depletion, acidification and salinization and
biological degradation includes loss of soil organic
matter and biodiversity. Climate change (global
warming) induces soil degradation. Thus, attention
is needed for sustainable and profitable soil manage-
ment to minimize soil degradation and to obtain ben-
efits for human health. Every year, the Earth loses
more than 25-40 billion tonnes of topsoil, mainly due
to human activity (FAO and ITPS, 2015).

Plants depend on soil for nutrients and both hu-
mans and animals depend on plants for food. So, soil
can be regarded as the basis of life. The fertility (nu-
trient status) of a soil determines the nutrient content
of food crops, and therefore the health of humans.
Of the 17 Sustainable Development Goals (SDGs), no
poverty (SDG 1), zero hunger (SDG 2), climate ac-
tion (SDG 13) and biodiversity (SDG 15) are directly
linked with sustainable land and soil management
(Akhtar-Schuster et al., 2017; Smith et al., 2017). Thus,
proper care is needed for sustenance of healthy soils
for providing sufficient, safe and nutritious food for
the people.

Soils also negatively impact human health as be-
cause many soils contain toxic heavy metals (e.g. Cd,
As), organic chemicals (e.g. pesticides) and pathogens
(e.g. Clostridium tetani). When soil is healthy, plant
grown on soil is healthy and consequently man eating
plant food is healthy. This article has reviewed how
soil health affects human health and welfare.

2 Positive effects of healthy soil

2.1 Soil health and food production

Food production includes production of sufficient
amounts of food with adequate nutrient content and
absence of toxic substances (Hubert et al., 2010) where
soils have a good role. Food security is considered
achieved when all people can get sufficient, safe, and
nutritious food (FAO, 2003). Soils having good physi-
cal, chemical and biological properties can produce
good crop with satisfactory yield and quality (Re-
icosky et al., 2015; Brevik, 2009). Intensification of
agriculture to meet the food demand of increasing
population has put our soils under pressure, result-
ing in nutrient depletion, physical degradation, and
biodiversity reduction. Thus, degraded soil (low fer-
tility, salinity, acidity, erosion, heavy metals pollu-
tion, etc.) causes decreased safe food production and
threatens food and nutrition security (Brevik, 2013;
Pimentel and Burgess, 2013; Hubert et al., 2010; Lal,
2009). Toxic heavy metals (e.g. Cd, As, Cr) of soils
may enter into food chain through crop uptake, lead-
ing to unsafe foods (Hubert et al., 2010; Brevik et al.,
2018). An estimated 2 billion hectares of land (54%
of world’s land area) is degraded to some degree
(FAO, 2011). The major causes of soil degradation

are salinization, waterlogging, pollution, acidification
and nutrient depletion. Since degradation reduces
the soil productivity, it has been directly linked to the
hunger and malnutrition in many parts of the world.
Malnutrition affects 815 million people (mostly in
sub-Saharan Africa and southern Asia), and world
food production must double over the coming half
century to meet the needs of 9-10 billion people. The
sustainable management of the land resource is an
important issue for human and other lives in the earth
(Henry et al., 2018).

2.2 Soil as a source of major nutrients

In human body, 99% is constituted by H, O, C, and
N, and 0.9% by other elements viz. Na, K, Ca, Mg,
P, S, and Cl (Combs, 2013). Besides, some trace ele-
ments (micronutrients) are also considered essential
for human life. However, 17 elements are essential to
plants and 14 of them plants take up from soil (Bre-
vik, 2013). Plants obtain C, H and O from air and
soil water (Kirkby, 2012). Thus, soil supplies plants
most of the nutrients that required for human life
(Combs, 2013). However, deficiency, excess, or imbal-
ance in the supply of nutrient elements from dietary
sources would have deleterious effects on human
health (Mills, 1996).

2.3 Soil as a source of micronutrients

Of the essential micronutrients, the most frequently
reported deficiencies for human health are Fe, Zn, I
and vitamin A (Welch and Graham, 2004), the reason
can be attributed to the smaller amount of micronu-
trients in cereal grains (Garg et al., 2018) which the
people usually more consume and the higher amount
of antinutrient substances e.g. phytic acid (White
and Broadley, 2009), a substance that inhibits the ab-
sorption of mineral elements by the gut. Humans
need 14 vitamins which include water-soluble vita-
mins viz. ascorbic acid, biotin, cobalamin, folic acid,
niacin, pantothenic acid, pyri-doxine, riboflavin and
thiamin and fat-soluble vitamins viz. retinoic acid, cal-
ciferol, tocopherol, phylloquinone, and menoquinone
(Graham et al., 2001). The RDA (recommended daily
allowance) of different minerals for humans is: Fe
8.0-18.0, Zn 8.0-11.0, Mn 1.8-2.3, Cu 0.9, I 150, Se 55,
Mo 45, Cr 25-35 and F 3-4 mg (White and Broadley,
2009). More than 2 billion people in the world suf-
fer from Zn and Fe deficiency diseases (WHO, 2012),
the majority of them are rural poor from developing
countries.

Micronutrient deficiency is very common in pop-
ulation where the staple foods are cereals of low nu-
tritional quality (Cakmak, 2009). Cereal-cereal rota-
tion is a common agricultural practice in the South
Asia and the major fraction of calorie intake of the
population comes from cereals. Therefore, micronu-
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trient malnutrition is the highest and is considered
the top-priority health issue here (Shivay et al., 2016).
Very recently Jahiruddin (2020) has comprehensively
reviewed the biofortification of food crops with a
greater emphasis on micronutrient malnutrition in
south Asia. In addition to producing enough calories
through increasing cropping intensity, use of HYVs
and application of modern technology, we also need
to enrich our food and feed crops with micronutri-
ents to ensure adequate supply for human and animal
health. Two approaches such as breeding and agro-
nomic are the good means to increase micronutrient
concentration in food crops. The fertilization strat-
egy (agronomic method) is a rapid was to achieve
micronutrient biofortification without incurring loss
to crop yield (Jahiruddin, 2018).

Mineral nutrient deficiencies in humans may arise
for a variety of reasons. The WHO (WHO, 1996) is
particular concern about F, Fe, Zn, I and Se deficiency
problems. For Fe, poor diet, blood loss and higher
requirements of pregnant women are the most com-
mon causes of Fe deficiency (Crommentuijn et al.,
1997). Iodine is an essential constituent of the thyroid
hormones; ‘goitre’ arises due to I deficiency (WHO,
1996). Keshan disease is found in areas of high soil
Se (Johnson et al., 2000). The itai-itai disease in Japan
is reported to occur due to excess Cd concentrations
in food crops when cultivated in soils treated with
sewage sludge, phosphatic fertilizers and industrial
effluents (Alloway and Ayres, 1993).

2.4 Soil harbors beneficial organisms

Biological diversity of soil ecosystems is fundamen-
tally important for soil and human health. Soil mi-
croorganisms offer positive effects on quality and
security of food systems that subsequently influence
human nutrition and health. Plant growth-promoting
(PGP) bacteria or fungi can play an important role to
increase crop yield and nutritional quality (Martínez-
Hidalgo et al., 2019). For example, inoculation of
maize plants with PGP rhizobacteria (Pseudomonas,
Bacillus and Mycobacterium), inoculation of lettuce
with Trichoderma fungus and arbuscular mycorrhizal
fungi (AMF) colonization of rapeseed (Brassica napus)
roots increased crop growth and nutrient uptake in
low fertile soils (Egamberdiyeva, 2007; Poveda et al.,
2019). In addition to addressing nutrient deficiency,
AMF have been reported to control the absorption of
heavy metals by plants from toxic soil (Sarkar et al.,
2015a,c,b, 2017). Soil arbuscular mycorrhizal fungi
also help controlling soil borne plant diseases (Sarkar
et al., 2015d; Talukder et al., 2019). Soil macroorgan-
isms are important component of soil health, and
soil health has direct ties to human health (Kemper
and Lal, 2017; Pepper, 2013). The role and impact of
earthworms, ants, mites, and other arthropods are
important in agroecosystems (Rousseau et al., 2010;

Romig et al., 2015). Earthworms plays an important
role in recycling organic material, increasing nutrient
availability. They incorporate organic materials into
the soil and release nutrients held within dead ani-
mals and plant matter. Microrganisms also improve
soil structure and influence the habitat and activities
of other organisms.

2.5 Ecosystem services of soils

Soil health determines the extent to which a soil can
provide ecosystem services. Dominati et al. (2010)
listed the following ecosystem services that can be
achieved from a healthy soil:

Productivity: A healthy soil provide nutrients to
plants and sustain their growth.

Filter and reservoir: Soils filter polluted water
through fixing and storing the solutes passing
through it.

Structural: Soils provide mechanical support to
plants and support infrastructure such as buildings
and roads for human.

Resources: Soils provide raw materials such as sand,
peat and clay for bricks, roads and buildings.

Biodiversity conservation: Soils provide habitat for
thousands of macro- and microorganism (flora and
fauna) of which are beneficial such as those important
for pest, disease and waste management.

Soil is an important source of medicines such as
antibiotics. Soil microorganisms could be the main
producers of natural antibiotics, penicillin produced
from fungus and streptomycin from bacteria (Strep-
tomyces) being the good examples. S. A. Waksman
was awarded the Nobel Prize in 1952 for discovery of
streptomycin which is active against Mycobacterium
tuberculosis.

2.6 Other uses of soil

Soil has ability to purify wastewater. Soils can remove
contaminants through physical trap as the water
moves downward through the soil profile, through
chemical sorption to soil solid surfaces, and through
biodegradation carried out by soil microbes (Helmke
and Losco, 2012). Soil (clay type) is also used to make
earthen pots and utensils. Earthen pots are used for
potting plants (especially flowering plants), storage
of water and cooking of foods. An earthen pot is a
fundamental cooking utensil for poor and old peo-
ple. Water in the earthen pots remains cool which is
important in the summer days. Although cooking in
earthen pots takes relatively more time, the porosity
and natural insulation properties of soil clay cause
heat and moisture to circulate throughout the food.
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Soil is directly used to make building materials, such
as brick. Historically, many houses and other struc-
tures were made from soil. Selection of sites with the
best soil is an important engineering decision for con-
struction of a building. Builders find loamy soils to
be adequate for building. Red soil has a great impact
on strength, imperviousness and anti pest control.

3 Effects of soil degradation

3.1 Heavy metal pollution

Although some metallic elements viz. Fe, Zn and Cu
in smaller amounts are essential for plant growth,
their excessive uptake can produce toxic concentra-
tion in plants and that plant foods become unsafe
for human consumption (Jarup, 2003). The heavy
metals (density 5 g cm−3) of greatest concern for hu-
man health include: As, Pb, Cd, Cr, Cu, Hg, Ni, and
Zn (Hu and McCally, 2002; Fergusson, 1990). Both
natural and anthropogenic sources (human activi-
ties) are the reasons for heavy metals pollution in
soils. Heavy metals may accumulate in soils natu-
rally through weathering of rocks and minerals and
by human activities. For example, weathering of ar-
senopyrite (FeAsS) mineral is responsible for arsenic
occurrence in soils and eventually in groundwater.
These metals may come from different wastes (indus-
trial, municipal and household wastes) and sewage
sludge. Use of fertilizers, manures, and pesticides
also contribute to the accumulation of heavy metals
in soils (Kabata-Pendias and Pendias, 1992; Senesil
et al., 1999). Elements such as Ag, As, Be, Cd, Hg
and Pb are regarded as potentially harmful elements
(PHEs) that known to have adverse physiological ef-
fects even at low concentrations (Plant et al., 2000).
The maximum permissible addition (MPA) of metals
and metalloids in soil is shown in Table 1. The WHO’s
provisional maximum tolerable daily intake (MTDI)
for As is 2.1 µg d−1 kg body wt−1 WHO (2012). Daily
intake of these heavy metals from rice is estimated as
18.6-214 µg for As, 2.6-119 µg for Cd and 25.0-241 µg
for Pb, based on 400 g daily rice consumption for 60
kg Bangladeshi adult people, and rice component of
the diet alone may contribute up to 46%, 57% and 50%
of the Maximum Tolerable Daily Intake (MTDI) for
As, Cd and Pb, respectively (Jahiruddin et al., 2017).
Among the cereals, rice (Oryza sativa L.), is one of
the leading staple crops for half of the world’s pop-
ulation. In country like Bangladesh rice is the staple
food and the crop covers about 75% of agricultural
land use. MSW compost amendment may result in
a significant enhancement of heavy metal loadings
in the amended top soils. As reported by Achiba
et al. (2009), a 5-year application of MSW compost
increased the organic matter and N content, while
increasing the heavy metal concentration in the soil.

3.2 Organic chemical pollution

Soil contamination with organic chemicals is a great
concern in many countries (Aelion, 2009). A major
source of these chemicals is the use of different types
of pesticides in crop production. Pesticides include in-
secticides, nematicide, rodenticide, bactericide, fungi-
cide and herbicides. Biopesticides could be microbial
pesticides and biochemical pesticides. Pesticides are
found as common contaminants in soil, air and water.
They can also affect beneficial microbes and insects in
soils. In urban areas the soils may become polluted
because of coal burning, motor vehicle emissions,
waste dumping and pharmaceutical waste deposi-
tion (Leake et al., 2009; Albihn, 2001). The most com-
mon types of organic chemicals that present in soil
are polyhalogenated biphenyls, aromatic hydrocar-
bons, insecticides, herbicides and fossil fuel combus-
tion emitting e.g. Pb (Burgess, 2012). Some organic
chemicals such as DDT can resist decomposition in
the environment which known as ‘persistent organic
pollutants’ (Vega et al., 2007). Herbicides such as
glyphosate (trade name ‘round up’) are commonly
used to make the weed free field before a crop is
planted, this chemical could be carcenogenic for hu-
mans and wildlife (Bai and Ogbourne, 2016).

3.3 Radionuclide

High concentrations of radionuclides may naturally
occur in soil or they can build up due to anthro-
pogenic activities such as uncontrolled disposal of
medical and nuclear wastes. These radioactive com-
pounds can cause fatal diseases such as cancer and
leukemia (Mittal et al., 2018) to human due to di-
rect exposure or by entering in the food chain. The
Chernobyl Nuclear Power Plant (April 26, 1986) and
Fukushima Daiichi Nuclear Power Plant (March 11,
2011) accidents are the good examples of radionu-
clides’ impacts on human health (Steffan et al., 2017).
In Chernobyl, 137Cs contamination of farm products
occurs due to the concentration of the radionuclide
in the soil since crops and cattle are raised on those
soils (Takatsuji et al., 2000). Apart from nuclear plant
disaster, Bhopal gas tragedy (2–3 December night,
1984) happened at the Union Carbide India Limited
pesticide plant in Bhopal, India. Besides the human
and animal death, there was a serious environmen-
tal impact. The heavy gas (methyl isocyanate) was
absorbed into local rivers, making the water undrink-
able and poisoning the fish.

3.4 Soil pathogens

The presence of human pathogens in the soil bio-
logical community can cause negative effects on hu-
man health. Bacteria are most abundant microbe in
soil. Saprophytic soil fungi that absorb nutrients from
decaying organisms can cause disease in humans
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Table 1. Maximal permissible addition (MPA) of heavy metals and metalloids in soil (Crommentuijn et al.,
1997; Vodyanitskii, 2016)

Metal/metalloid MPA (mg kg−1) Metal/metalloid MPA (mg kg−1)

Beryllium (Be) 0.0061 Chromium (Cr) 3.8
Selenium (Se) 0.11 Arsenic (As) 4.5
Thallium (Tl) 0.25 Barium (Ba) 9.0
Antimony (Sb) 0.53 Zinc (Zn) 16
Cadmium (Cd) 0.76 Cobalt (Co) 24
Vanadium (V) 1.1 Tin (Sn) 34
Mercury (Hg) 1.9 Lead (Pb) 55
Nickel (Ni) 2.6 Molybdenum (Mo) 253
Copper (Cu) 3.5
† MPA = Maximum permissible addition; Highly hazardous (MPA <1 mg kg−1) : Be, Se, Tl, Sb & Cd;
Moderately hazardous (MPA 1-10 kg−1) : V, Hg, Ni, Cu, Cr, As & Ba; Low (MPA >10 mg kg−1) : Zn, Co, Sn,
Ce, Pb & Mo

Table 2. Soil pathogens and associated human diseases (Brevik et al., 2020)

Pathogen Organism Human disease Transmission Soil niche/carrier

Clostridium perfringens Bacteria Gas gangrene Skin trauma Permanent
Rhodococcus equi Bacteria Pneumonia Inhalation or

wound contami-
nation

Incidental, livestock
feces

Escherichia coli Bacteria Gastroenteritis Ingestion Incidental, cattle fe-
ces

Salmonella typhi Bacteria Typhoid fever Ingestion,
zoonotic

Incidental, chicken
feces

Campylobacter jejuni Bacteria Dysentery Ingestion cattle/ poultry ma-
nure

Clostridium tetani Bacteria Tetanus Ingestion, skin
trauma

Permanent

Burkholderia pseudomallei Bacteria Melioidosis Ingestion, skin
trauma, inhala-
tion

Permanent

Bacillus anthracis Bacteria Anthrax Ingestion, skin
trauma, inhala-
tion

Periodic

Leptospira spp. Bacterial Leptospirosis Ingestion, skin
trauma

Incidental, urine of
infected animals

Coxiella burnetii Bacterial Q Fever Inhalation Infected animals
Histoplasma capsulatum Fungi Histoplasmosis Inhalation Bird feces
Coccidioides immitis Fungi Coccidioidomycosis Inhalation, skin

trauma
Permanent

Exserohilum rostratum Fungi Fungal meningitis Inhalation Permanent
Taenia saginata Parasite Tapeworm Ingestion Transient
Hookworm Parasite Ancylostomiasis Skin contact Periodic
Ascaris lumbricoides Parasite Ascariasis (round

worm)
Ingestion Transient

Entamoeba histolytica Protozoa Amoebic dysentery Ingestion Incidental
Giardia intestinalis Protozoa Giardiasis Ingestion Transient
Toxoplasma gondii Protozoan Toxoplasmosis Ingestion Cat feces
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(Bultman et al., 2013). Some soil protozoa cause hu-
man parasitic diseases such as diarrhea and amoebic
dysentery (Brevik, 2013). Soil helminths (parasites)
may inhabit the human intestines (Bultman et al.,
2013). Although soil is not a natural reservoir for
viruses, they can survive in soil and may cause hep-
atitis, polio and meningitis (Hamilton et al., 2007;
Bultman et al., 2013). Pathogens often come into soil
through contaminated water, human excreta, and mu-
nicipal and hospital wastes (Loynachan, 2012). Good
health education can save human health. For exam-
ple, the use of footwear can protect the feet from con-
tact with the soil and thus to prevent from podoconio-
sis (disease in feet, ankles and legs) (Price, 1984). A
list of soil pathogens and associated human diseases
is given in Table 2.

3.5 Direct exposure to human

Any soil particles adhering to the skin may be in-
gested; the young children are vulnerable to this sit-
uation (Binder et al., 1986; Davis et al., 1990). Foods
are often contaminated with soil particles and be-
ing consumed without washing (Hallberg and Bjorn-
Rasmussen, 1981). Soil dusts when inhaled are re-
tained in the lungs and it causes respiratory problems
e.g. asthma, bronchitis (Monteil, 2008; Wagner, 1980).
Wind erosion of loose soils from tilled land, earthen
roads and construction work sites spread dusts into
the atmosphere. This erosion is more active in arid
and semi-arid regions. Tetanus and hookworm dis-
eases (e.g. Ancylostoma duodenale and Necator ameri-
canus) are likely to occur due to skin contact with soil
(Waldron, 1985; Gilles and Ball, 1991).

3.6 Greenhouse gas emission

Soils act as sources and sinks for greenhouse gases
(GHG) such as carbon dioxide (CO2), methane (CH4),
and nitrous oxide (N2O). This corresponds to roughly
21% of the global soil C and N pools. Methane and
nitrous oxide have global warming potentials of 21
and 310 times carbon dioxide, respectively. Agricul-
ture practice is responsible for a significant portion
of the greenhouse gases (GHGs). Cultivation of wet-
land rice causes N2O and CH4 emissions. The mag-
nitude of these GHGs depends on agronomic man-
agement. High yielding varieties of rice tend to have
substantially lower CH4 emissions (Corton et al., 2000;
van der Gon et al., 2002) owing to more efficient pho-
tosynthate use.

4 Conclusions

Soil has both positive and negative effects on human
health. The most significant positive effect is that
soils provide nutrients to the plants, and humans eat

plant food and food products. Nevertheless, soils
may produce detrimental effects on human health.
Many soils may contain toxic heavy metals (e.g. Cd,
As, Pb) which may enter into human body through
plant food chain. Thus, proper care is needed for
sustenance of healthy soils for providing sufficient,
safe and nutritious food for the people. Soil qual-
ity has both direct and indirect effects on human
health. There are increasing diverse and complex
problems the soil and agricultural research would
have to address which has food security and human
health implications. Due attention is needed for sus-
tainable and profitable soil management to minimize
soil degradation and to obtain benefits for human
health. To achieve the goal of long-term food and nu-
trition security, as well as human health sustainable
research is needed to arrest and reverse soil degra-
dation. We do not know fully about the complex
interactions between soil and human health. There-
fore, innovative research is needed in this area. For
thorough understanding of the soil ecosystem and its
links to agronomic production and broadly human
health, participation of multidisciplinary team con-
sisting of soil scientists, agronomists, chemists, public
health experts and sociologists deserves attention.
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