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1. Introduction

Soil degradation and environmental pollution have a great impact on human life, because
every year, 2 million people die worldwide due to air pollution [1]; countless numbers of
people are exposed unnecessarily to chemicals in the workplace, such as in the external envi-
ronment [2], because soil, air, and vegetation contain organochlorine pesticides with high
carcinogenic risk [3, 4] and heavy metals [5].

Potentially, all previous health problems can be prevented [6]; it has been estimated that
in industrialized countries, 20% of the total incidence of diseases can be attributed to
environmental factors [7], constituting a big problem for the world population. Toyama,
Japan, in 1970, high concentrations of cadmium in rice were found (2.6 and 3.3 g);
chronic disease onset was due to rice consumed with 0.36 ppm Cd (155 pg Cd average
daily dietary intake), for 58.4 years [8]. Another example was the case of Love Canal in
the United States, which is one of the most notorious episodes of soil contamination,
where an electrochemical company obtained, in 1942, permission to deposit more than
21,000 tons of its waste; 25 years later, weathering made pollution evident, creating a
far-reaching movement for North American environmental policy with lasting effects on
public policy [9]. For this reason, there are studies where plants like Chromolaena odorata
have been found, which is a hyperaccumulating species (100 mg kg™'), and this could
be used to eliminate Cd from the soil [10]. Therefore, in this book, the main effects of
soil contamination are discussed, as well as some alternatives for sustainable develop-
ment, with the aim of reducing the harmful effects produced by human activities on the
environment.
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2. Soils contaminated by heavy metals

Currently, the agricultural soils suffer from high concentrations of metals, such as As, Cd, Cr,
Cu, Pb, Ni, Zn [11, 12] and Hg [13], exceeding the maximum permissible levels and causing a
potential risk; industrial soils can be up to 2600 mg kg™ of lead [14], being important to know
your inputs and outputs [15]. The countries with the highest cadmium concentrations are
Jamaica (200 mg kg™), India and Pakistan (19-20 mg kg™'), Tunisia, and UK (10-16 mg kg™)
[16]. Other sources of soil contamination are the mining industries and the processing of
minerals, which have been found in ascending values: Cd (0.7) — Cu (3.9) - Mn (76) — Fe
(79) —» Zn (110) — Pb (126) [17].

However, this pollution problem is an important issue for public policies, because the
risk assessment must be integrated into the framework of public health and environmen-
tal security [18], because concentrations of heavy metals have been found in crops closely
related to soil contamination, for example, according to the Chinese environmental quality
standard for soil (GB15618-1995), 64.4, 78.9, 67.5, and 94.1% of the soil samples in Dexing,
Yangjiazhangzhi, Hongqiling, and Baiyin exceed the maximum allowed concentration of Cd
for farmland, respectively [19]. The risk assessment has indicated that priority attention is
required due to the carcinogenic risk of Cr, Cd, and As in soil and rice grains, as well as the
potential ecological risks [20].

In addition to this, associations have been found between some bacterial genera (Geodermatophilus
spp., Rhodovibrio spp., and Rubrobacter spp.) with the presence of heavy metals such as copper, lead,
and zinc, respectively [21]. In this regard, Table 1 shows some examples of heavy metal
remediation.

The cost and duration of soil remediation depend on the technique and the site specific, up to
$500 tons™! ($1500 m soil or $100 m~ soil) and 15 years [30], while it has estimated 20 million
hectares of land contaminated by heavy metal.

Type of remediation Pollutant
Extracellular polysaccharides or exopolysaccharides (EPS) are bacterial by-products with Cu, Co, Pb, Cd, Fe
various strains that can be bioremediated in contaminated soils [22] [23]

Cr, Ni, Cd [24]

Phytoremediation by Erigeron canadensis L., Digitaria ciliaris (Retz.) Koel., and Solanum nigrum Hg, Cd
L. [25]

Biopiles improved soil properties and reduced the solubility of contaminants [26] Zn, Cu
Bioremediation using Rhodobacter sphaeroides [27] Zn, Cu
Microbial electrochemical system (MES) Cr [29]

Sodium tripolyphosphate for the synthesis of chitosan nanoparticles from fungal chitosan [28] = Pb, Cu

Table 1. Examples of remediation of soils contaminated by heavy metals.
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3. Soils contaminated by hydrocarbons

The global economy based on the oil industry has deteriorated natural resources around the
world, with soil being one of the most affected [31]. Total petroleum hydrocarbons (TPH) con-
tain fractions that are toxic to the beneficial organisms of the soil and for humans; this has become
an important issue for the development of public policies, food safety, and environmental health
because it produces changes in structure and function of soil ecosystems (Figure 1) [32].

Oil activities have mainly affected the tropical areas; this pollution has deteriorated soil sustain-
ability, because its toxic effect decreases the ability to support living organisms [33], disrupts the
biogeochemical cycles deteriorating ecosystems and altering fertility [34], and reduces quality of
soil and agricultural potential [35]. Even hydrocarbons such as benzo[a]pyrene (BaP), belonging
to one of the most toxic polycyclic aromatic hydrocarbons (PAHs) in the soil-plant system, are
potentially mutagenic and carcinogenic for humans [36]. According to results from researchers
in China, they have found between 131,019 m? and 146,783 m? of soil contaminated with benzo
[a] pyrene; it should be mentioned that pollutants are accumulated mainly in the first layer of
the site (0—1 meter) [37]. Its main impact on human health is centered on its genotoxic properties
(teratogenic, mutagenic, and carcinogenic) (Figure 1). The International Agency for Research on
Cancer (IARC) and the World Health Organization (WHO) have reported as probable human
carcinogens to benzo [a] anthracene, benzo [a] pyrene and dibenzo [a, h] anthracene, benzo [ b]
fluoranthene, benzo[k]fluoranthene, indene, pyrene and naphthalene; where some researchers
have proposed the combination of risk assessments (governmental and computational) [38].

The refining and processing of petroleum can also send numerous chemical compounds to
the atmosphere, such as naphthalene, which is considered a dangerous compound in the air
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Figure 1. Scheme of the interaction of the pollutant with the agroecosystem.
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according to the Environmental Protection Agency of the United States (USEPA), as it can
cause irritation in the eyes, skin, and respiratory tract and in high concentrations can destroy
red blood cells causing hemolytic anemia [39], besides being considered as a possible carcino-
genic in humans (Figure 2A).

Another important factor is the contamination associated with heavy metals such as nickel
and vanadium which depends on the oil field [40]. Another example is the Amazonia, located
in northern Peru, where heavy metal pollution has been found, due to the extraction of hydro-
carbons threatening wildlife and local populations that depended on subsistent hunting and
fishing [41]; this risk has also been found in La Venta, Tabasco (Figure 2B) y en Minatitlan,
Veracruz, México (Figure 2C and D). In this regard, recent studies indicate that the carcino-
genic risks of 16 PAH increase with the history of oil extraction; ingestion and dermal contact
are the predominant pathways of exposure of the inhabitants to PAH residues in soils [42],
representing a risk to the inhabitants, farmers, fishermen, and consumers of these areas.

On the other hand, oil also has various effects on plants due to the changes they produce in
the soil; oil can inhibit water retention, causing reduction of germination, emergence, growth,
and accumulation of biomass, and cause nutritional imbalance, reduction in pasture produc-
tion, and, therefore, lower percentage of livestock hectare.

Figure 2. (A) Burning of waste by the petrochemical La Venta, Tabasco, Mexico; (B) sludge in contaminated sites in La
Venta, Tabasco, Mexico; (C) petrochemical complex of Minatitlan, Veracruz, México; (D) Santa Alejandrina reservoir
adjacent to the Minatitlan petrochemical complex, Veracruz, Mexico.
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4. Research proposals

The strategies would be directed toward the integral management of the investigations: (1)
the epidemiological study in contaminated areas, (2) the remediation of contaminated soils,
and (3) the control of atmospheric emissions.

4.1. Health proposals

we recommend conducting epidemiological studies differentiated by sex, age, and chronic
diseases (various types of cancer, asthma, allergic rhinitis, mental problems, depression, etc.);
poor air quality, derived from industrial emissions, can influence the increase of diseases,
including allergic ones, such as asthma and chronic bronchitis [43], whose pathologies are of
high economic cost, in addition, its potential risks as a carcinogenic factor [42].

4.2. Proposals in soils

In the case of contaminated waters and soils, physical, chemical, and biological processes can be
used to remove contaminants. However, there is evidence that some of these technologies can cause
damage to biota and prevent the recovery of certain habitats [44]. The use of technologies such as
bioremediation and phytoremediation are recommended; we propose a mixed process involving
several types of remediation, for example, phytoremediation with fibrous root grasses that pro-
mote a dense rhizosphere, being the ideal type of vegetation for phytoremediation; it would also be
recommended to combine these with biostimulation and bioaugmentation of autochthonous soil
remediation bacteria. The vegetal cover besides contributing to the cleaning of contaminated soils
can also reduce the transport of contaminants, improving the physical and chemical properties and
increasing the microbial activity with better associations of microorganisms with the root and with
the toxic compounds in the contaminated soil. Despite this, another problem of great importance
is the accumulation of salts, whose effects can greatly harm the growth and development of many
plants, so the use of tolerant plants is recommended. It is also necessary to develop sustainable
alternatives that reduce pollution and allow the recovery of contaminated resources through reme-
diation processes of soil and water, until pollutants are below the maximum permissible limits.

4.3. Proposals to control atmospheric emissions

In the case of Mexico, it is necessary to follow the guidelines of the Official Mexican Standards
on Air Pollution (NOM-085-ECOL-1994). However, it is also necessary to develop sustainable
alternatives that reduce greenhouse gas emissions. In addition, to have records and controls
of atmospheric emissions, this must be available through the Federal Transparency Law.

5. Conclusions

Anthropogenic activities have caused changes from the global to the local. The health of the
inhabitants have deteriorated due to exposure to various pollutants, the incidence of diseases
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that has increased, new ones that have emerged, and others that have changed their patterns.

Therefore, we need to take measures to protect the environment in favor of human health,
with synergistic effects on agroecosystem and food safety.

Author details

Dinora Vazquez-Luna* and Maria del Carmen Cuevas-Diaz

*Address all correspondence to: dra.vazquez.luna@gmail.com

Faculty of Engineering in Agricultural Production Systems (FISPA), Universidad
Veracruzana, Mexico

References

[1]

(2]

[8]

Kim K-H, Kabir E, Kabir S. A review on the human health impact of airborne particulate
matter. Environment International. 2015;74:136-143

Tyler TR, Ballantyne B. Chapter 14 —Practical assessment and communication of chemi-
cal hazards in the workplace. In: Ballantyne B, editor. Perspectives in Basic and Applied
Toxicology. Butterworth-Heinemann; 1988. pp. 330-378

Fang Y et al. Organochlorine pesticides in soil, air, and vegetation at and around a con-
taminated site in southwestern China: Concentration, transmission, and risk evaluation.
Chemosphere. 2017;178:340-349

Fang Y et al. Spatial distribution, transport dynamics, and health risks of endosulfan at
a contaminated site. Environmental Pollution. 2016;216:538-547

Doabi SA et al. Pollution and health risk assessment of heavy metals in agricultural soil,
atmospheric dust and major food crops in Kermanshah province, Iran. Ecotoxicology
and Environmental Safety. 2018;163:153-164

Yassi A et al. Salud Ambiental Basica. México DF: Programa de las Naciones Unidas para
el Medio Ambiente; 2002

Smith KR, Corvalan CF, Kjellstrom T. How much global ill health is attributable to envi-
ronmental factors? Epidemiology. 1999;10(5):573-584

Inaba T et al. Estimation of cumulative cadmium intake causing Itai-itai disease. Toxicology
Letters. 2005;159(2):192-201

Fletcher T. Neighborhood change at Love Canal: Contamination, evacuation and reset-
tlement. Land Use Policy. 2002;19(4):311-323

Wei H et al. Turn bane into a boon: Application of invasive plant species to remedy soil
cadmium contamination. Chemosphere. 2018;210:1013-1020



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Introductory Chapter: Soil Contamination and Alternatives for Sustainable Development
http://dx.doi.org/10.5772/intechopen.83720

Kibblewhite MG. Contamination of agricultural soil by urban and peri-urban highways:
An overlooked priority? Environmental Pollution. 2018;242:1331-1336

Lee P-K et al. Source identification of arsenic contamination in agricultural soils sur-
rounding a closed Cu smelter, South Korea. Chemosphere. 2018;217:183-194

Jiang X et al. Spatial distribution mapping of Hg contamination in subclass agricultural
soils using GIS enhanced multiple linear regression. Journal of Geochemical Exploration.
2019;196:1-7

Gottesfeld P et al. Soil contamination from lead battery manufacturing and recycling in
seven African countries. Environmental Research. 2018;161:609-614

Shi T et al. Inventories of heavy metal inputs and outputs to and from agricultural soils:
A review. Ecotoxicology and Environmental Safety. 2018;164:118-124

Khan MA et al. Soil contamination with cadmium, consequences and remediation using
organic amendments. Science of the Total Environment. 2017;601-602:1591-1605

Kiibek B et al. Soil contamination near the Kabwe Pb-Zn smelter in Zambia: Environ-
mental impacts and remediation measures proposal. Journal of Geochemical Exploration.
2018;197:159-173

Guan Y et al. Study of integrated risk regionalisation method for soil contamination in
industrial and mining area. Ecological Indicators. 2017;83:260-270

Zhou Z et al. Cadmium contamination in soils and crops in four mining areas, China.
Journal of Geochemical Exploration. 2018;192:72-84

He M et al. Ten-year regional monitoring of soil-rice grain contamination by heavy met-
als with implications for target remediation and food safety. Environmental Pollution.
2019;244:431-439

Khudur LS et al. Implications of co-contamination with aged heavy metals and total
petroleum hydrocarbons on natural attenuation and ecotoxicity in Australian soils.
Environmental Pollution. 2018;243:94-102

Kranthi RK et al. Advances in exopolysaccharides based bioremediation of heavy metals
in soil and water: A critical review. Carbohydrate Polymers. 2018;199:353-364

Maalej H et al. Optimization of exopolysaccharide production from Pseudomonas stutzeri
AS 22 and examination of its metal-binding abilities. Journal of Applied Microbiology.
2015;118(2):356-367

Akhter K et al. Bioaccumulation of heavy metals by metal-resistant bacteria isolated
from tagetes minuta rhizosphere, growing in soil adjoining automobile workshops.
Pakistan Journal of Zoology. 2017;49(5):1841-1846

Xiao R et al. Soil heavy metal contamination and health risks associated with artisanal
gold mining in Tongguan, Shaanxi, China. Ecotoxicology and Environmental Safety.
2017;141:17-24



10  Soil Contamination and Alternatives for Sustainable Development

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Garcia-Carmona M et al. Evaluation of remediation techniques in soils affected by
residual contamination with heavy metals and arsenic. Journal of Environmental
Management. 2017;191:228-236

Peng W et al. Bioremediation of cadmium- and zinc-contaminated soil using Rhodobacter
sphaeroides. Chemosphere. 2018;197:33-41

Alsharari SF, Tayel AA, Moussa SH. Soil emendation with nano-fungal chitosan for
heavy metals biosorption. International Journal of Biological Macromolecules. 2018;118:
2265-2268

Wu Y et al. Recent advances in microbial electrochemical system for soil bioremediation.
Chemosphere. 2018;211:156-163

Liu L et al. Remediation techniques for heavy metal-contaminated soils: Principles and
applicability. Science of the Total Environment. 2018;633:206-219

Hall Cetal. Hydrocarbons and the evolution of human culture. Nature. 2003;426(6964):318

Morgado RG, Loureiro S, Gonzalez-Alcaraz MN. Chapter 3—Changes in soil ecosystem
structure and functions due to soil contamination. In: Duarte AC, Cachada A, Rocha-
Santos T, editors. Soil Pollution. Academic Press; 2018. pp. 59-87

Cuevas-Diaz MdC et al. Sensitivity of the endogeic tropical earthworm pontoscolex cor-
ethrurus to the presence of heavy crude oil. Bulletin of Environmental Contamination
and Toxicology. 2017;99(2):154-160

Adams R, Osorio FG, Cruz JZ. Water repellency in oil contaminated sandy and clayey
soils. International Journal of Environmental Science and Technology. 2008;5(4):445-454

Véazquez-Luna D. Environmental bases on the exploitation of crude oil in Mexico. In:
Crude Oil Exploration in the World. InTech; 2012

Sushkova S et al. Benzo[a]pyrene degradation and bioaccumulation in soil-plant system
under artificial contamination. Science of the Total Environment. 2018;633:1386-1391

Liu G et al. Assessment of terrain factors on the pattern and extent of soil contami-
nation surrounding a chemical industry in Chonggqing, Southwest China. Catena.
2017;156:237-243

Perkins AN et al. Evaluation of potential carcinogenicity of organic chemicals in syn-
thetic turf crumb rubber. Environmental Research. 2019;169:163-172

Kim K-H et al. A review of airborne polycyclic aromatic hydrocarbons (PAHs) and their
human health effects. Environment International. 2013;60:71-80

Lopez L, Lo Mdnaco S. Vanadium, nickel and sulfur in crude oils and source rocks and
their relationship with biomarkers: Implications for the origin of crude oils in Venezuelan
basins. Organic Geochemistry. 2017;104:53-68

Yusta-Garcia R et al. Water contamination from oil extraction activities in northern
Peruvian Amazonian rivers. Environmental Pollution. 2017;225:370-380



Introductory Chapter: Soil Contamination and Alternatives for Sustainable Development 11
http://dx.doi.org/10.5772/intechopen.83720

[42] Fu X-W etal. Occurrence, sources and health risk of polycyclic aromatic hydrocarbons in
soils around oil wells in the border regions between oil fields and suburbs. Ecotoxicology
and Environmental Safety. 2018;157:276-284

[43] Johnston JE, Lim E, Roh H. Impact of upstream oil extraction and environmental public
health: A review of the evidence. Science of the Total Environment. 2019;657:187-199

[44] Lim MW, Lau EV, Poh PE. A comprehensive guide of remediation technologies for oil
contaminated soil—Present works and future directions. Marine Pollution Bulletin.
2016;109(1):14-45



ntechOpen

ntechOpen



