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Soil erosion and contamination

Salvatore Engel-Di Mauro
DEPARTMENT OF GEOGRAPHY, SUNY NEW PALTZ, USA

Introduction

Often soils facilitate the provisioning of food, !bre and drinking water, support housing structures
and contain or neutralise harmful substances, among other bene!ts. However, sometimes soils
have disastrous implications, like sudden, deadly landslides, erosion-induced, wind-blown dust
choking crops and surface waters, and toxic compounds showing up in food and water. That is,
soil properties can combine with environmental forces, including human activities, to cause the
sort of soil movement and/or contamination that imperils human survival.

Soils have context-speci!c characteristics that must be well understood to mitigate disaster
risk. They are ecosystems primarily constituted by microscopic organisms embedded in a matrix
composed of mineral and organic matter, water and air. They have separable, interrelated and
internally mixed layers (horizons) and molecular-level binding of mineral and organic substances
(clay–humus complexes). Most soil particles tend to be small (<2 mm) and di"er in shape,
composition and electrostatic charge in the case of chemically reactive grains <2 !m. The
extent to which soils enable life-fostering or life-destructive outcomes depends on their char-
acteristics, which vary because of di"ering constitutive materials, which are progressively altered
by various forces, including climate, organisms and seismic events (Gobat et al. 2004; Schaetzl
and Anderson 2005). What follows is an overview of selected processes that can transform soils
into hazards, and examples of ways in which people have experienced and responded to such
processes.

Soil movement

Particles can be detached, moved and deposited at higher than rates of addition and weathering
(mineral and organic matter breakdown). Loosened material is known as sediment, which is
transferred to and accumulates in other environments (sedimentation). Whether the process
presents a hazard depends on the amount, moving speed and contaminant concentration, the !rst
two being a function of the characteristics of forces and soils involved. Forces include the strength
of wind, water, certain organism populations and cataclysmic weather and seismic events. Their
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relative capacity to move soil particles or entire soils depends not only on how well soils
themselves can resist movement, but also on the degree of interplay between those forces, which
often magni!es soil movement. Since erosion is included in soil movement, the terms ‘movement
capacity’ and ‘susceptibility factors’ are used instead of ‘erosivity’ and ‘erodibility’.

Movement capacity

Seismic and extreme weather events can rapidly move large quantities of soil, but some
organisms’ activities are no mean feat. People, especially when using machines, can quickly
obliterate entire soils by removing thousands of cubic metres of material. Movement by non-
human organisms tends to be gradual, but can be considerable. Mound-building termites in the
tropics, for example, are known to erect earthen structures more than 10 m high (other
organisms, like earthworms, also move much material, but largely within soils). Sediment
resulting from extreme events and organism action is often highly prone to further movement by
water and wind.

When precipitation exceeds soil in!ltration, water may carry particles away from the soil
surface. Water erosion occurs through splash (loosening of particles), sheetwash (particles trans-
ported through thin, continuous !lm over smooth surfaces), rill or gully development (con-
centrated overland #ow in small channels), and subsurface channel formation (piping). The
degree to which rainfall can dislodge and move soil particles depends on duration, intensity,
raindrop mass and size, velocity at impact and frequency. Higher values for these rainfall ero-
sivity parameters generally mean greater potential for soil particle detachment and movement.
Erosion is not limited to rainfall. For instance, melting snow can be even more e"ective than
rainfall through sheetwash erosion.

When wind speeds are stronger than soil particle aggregation (i.e. ~30 km/hr), soil particles
will tend to be dislodged and carried away. Wind strength is related to frequency, magnitude,
duration and velocity, with higher values increasing the likelihood of movement. Winds move
soil grains in three ways. One is by saltation, when detachable aggregates (peds) are lifted up
and bounce on the soil surface. This induces surface creep, which is the movement of sand-
sized particles or, if sand-sized aggregates, their break-up into smaller particles. Such !ne sand
and silt- and clay-sized particles (<0.1 mm in diameter) are typically lifted up and di"used into
the air (suspension), where they can be transported to great distances by prevailing winds, if they
are not rained out. Most nutrients lost to wind erosion are in the clay-sized fraction (mineral
and organic). During a drought, particle suspension is largely what composes dust storms.

Susceptibility factors

Susceptibility is generally given by the degree of soil component aggregation, consistency (how
well soil components stay together under pressure) and shear strength (degree of resistance to
pressure applied along or on a soil or part thereof). These are mainly dictated by surface cover
(height, structure and density of plant cover, along with surface unevenness), internal soil
characteristics (e.g. percentage distribution of particles of di"erent average diameter and degree
of particle aggregation) and topography (e.g. slope angle and length). These parameters change
over time, and increasingly as a result of human impact. Susceptibility estimations should be
done regularly so as to correct for changes in the likelihood and extent of hazardous conditions
(Bryan 2000).

Land cover plays a major role in restraining movement, even on steep slopes, with forests
usually being the most e"ective. Yet relatively high erosion rates can occur in forests when

Salvatore Engel-Di Mauro

348
6=I F B 6= = =I 2E = A :E F :A P? E I A E A R 0AI E IA  A =G  =RG =I?E 5 P  & 8 9PA 3 F 1AI =G 

D , A F?AI =G PA ? H GE I EICD=H A =EG =? E I. ? 2-
1 A= A B H I EICD=H I & & , ,

1
R

EC
D

T
&

=R
G

=I
?E

5
P

/
GG

EC
D

A
A

QA



there is little to no understorey vegetation. Particles can be loosened by splashing water drops
falling from the canopy. Low or no vegetation cover usually leads to greater dryness and reduced
cohesion, so rain droplets or winds can detach and pick up particles more easily and carry them
down slope or aloft. In arid regions, though, where soil surfaces are mostly bare and often
hardened, wind erosion can be minimal. The e"ectiveness of water erosion will conversely
increase, even if precipitation is rare, depending on slope characteristics.

Susceptibility to rainfall additionally depends on organic matter and clay content, as well as
root density. These a"ect soil-particle aggregate (ped) size distribution, particle cohesion and
degree of soil moisture retention. Soils with low organic matter and/or low clay content tend
to be movable because of looser peds, lower particle cohesion and less water-holding capacity.
Something similar may happen when soil organic matter is broken down faster than it is
replenished (e.g. when soils are ploughed and left exposed for months). This is because organic
matter binds soil particles together into larger peds. When they fall apart, wind and water can
detach and carry soil particles more easily. Otherwise, changes in the level and type of aggre-
gation of soil constituents can also contribute to movement. For instance, frequent treading by
heavy equipment or by large animals in con!ned spaces can lead to compaction, especially in
clayey soils. Downward pressure turns peds into plate-like structures with little space in
between, impeding both water and air movement. Compaction lowers water in!ltration rates
and so increases sheetwash and rill erosion (Håkansson and Voorhees 1998).

Topography provides a crucial, yet complex setting for overall movement. Long and steep
slopes may promote high movement rates, even with plenty of vegetation cover, but they are
geometrically irregular. The rate and fate of moving sediment is further complicated by surface
unevenness. There may be a succession of di"erent vegetation, rock outcrops and landforms,
among other factors, that may break or enable further movement. These features are altered or
shift in position over time due to the combined impacts not only of cataclysmic events, but
organisms as well. For instance, holes from burrowing and fallen trees will trap some of the
sediment, while logging will tend to facilitate overall movement. What is more, soils along a
slope can have di"ering degrees of susceptibility, so the amount of material added during
downward movement varies. Di"erences between slope portions and in slope characteristics
help explain the general lack of correspondence between stream and coastal sediment and soil
erosion upslope. Soil movement must therefore be measured at the source and not deduced
from downstream data (Schaetzl and Anderson 2005). The dynamic properties of slopes over
space and time also make for high variability in the extent and magnitude of hazards resulting
from soil movement.

Human impact on and social responses to soil movement

Soil particle loss (fresh sediment) is actually necessary for making future soils and improving the
quality of existing soils. Nevertheless, much justi!ed concern has arisen for the unprecedented
levels of human-induced acceleration of soil movement over the past several centuries, and their
ecological and social consequences. The acceleration may be almost imperceptible in the case of
subsidence and lateral shifts, which can threaten people with #ooding and/or building collapse. It
is sudden in the case of slope failure (see Chapter 25). Soils may also be made more susceptible to
wind erosion, causing extensive and frequent dust storms.

Whether gradual or sudden, removals can increase risk for societies reliant on local soils for
livelihood. Indirectly, it can pose problems further away through upward price pressures. In the
former case, there are instances of sheet and gully erosion leading to nutrient depletion and crop
yield problems, such as in Africa (Lal 1995). Much caution must be exercised, however, in
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imputing productivity decline to soil erosion because of the dearth of data on actually cul-
tivated plots and the large number of confounding variables involved (Scoones 2001). Soil
type and historical impact di"erences also lead to diverse e"ects, even under the same
conditions.

Resulting eroded material can eventually build up along coastlines or in rivers and bury
high-quality soils and even inhabited areas. Sedimentation can make bodies of water more
dangerous as a result of shallower, in-!lled beds (e.g. it will take less rainwater for river
banks to be breached). Such soil movement increasingly endangers human life, but, as with
sites a"ected by erosion, some people are endangered more than others because of social
inequality and pressures exerted by far-away social institutions (Hewitt 1983b; Wisner et al.
2004: 279–80).

Nevertheless, soil movement prevention features in many communities and often without
outsider intervention. Greater attention to indigenous soil conservation practices can improve
soil movement mitigation e"orts. In parts of Nepal, for instance, local inhabitants create and
maintain vegetated terraces, thereby markedly reducing erosion rates and slope failure frequency
(Gardner and Gerrard 2003). The case of the Machakos area, Kenya, also demonstrates the
e"ectiveness of community-based technical innovations, including terracing, in reducing soil
erosion (Brook!eld 2001: 212–13). In other places, such as northern Shewa, Ethiopia, local
practices, such as ditch construction, have had mixed results and could bene!t from introduced
conservation methods (Reij et al. 1996).

Subsidence and lateral movement

Soils may slump (subside) because of human impact, such as aquifer depletion, wetland drainage,
underground mining and increased weight above underground cavities. Soils may collapse,
dragging downwards whatever lies on top, or gradually sink, rendering an area more prone to
#ooding. The latter has, for instance, a"ected the Po #oodplain (northern Italy) as an outcome of
decades of groundwater over-pumping by industrial processors and farms (Carminati and
Martinelli 2002).

Similarly subtle movements are due to the occurrence of clays that swell when watered and
shrink when dry. The expansion and contraction cause cracks in buildings and roadways that
can lead to their rupture. In semi-arid and arid regions, periodic rainfall can saturate air spaces
and dissolve bonding agents (e.g. calcium carbonates, clays) between coarse grains, which col-
lapse under their own weight (hydro-compaction). The soil volume shrinkage destabilises
whatever is on the soil surface and can lead to their fall. Areas with silt- and clay-rich soils prone
to freezing can experience frost heaving problems in winter and liquefaction problems in spring.
Locating residences without any regard for soil type is one way in which people have been put
at risk through housing structure instability due to such lateral movements, as in suburban
Montevideo, Uruguay (Musso and Pejon 2006).

Wind erosion and dust storms

Wind erosion can compound the above-described e"ects. It is particularly pronounced in valley
bottoms and large plains, where wind speeds rise in connection with major, unimpeded air
pressure di"erentials. Wind erosion can lead to dust storms and, in a"ected areas, permanent soil
loss. Often, wind impact has to do with prolonged water shortage occasioned by periodic
droughts combined with human-induced susceptibility (see also Box 29.1). Droughts can also be
exacerbated by the resulting atmospheric dust (Cook et al. 2009).
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Land use intensi!cation in the North American Great Plains

The 1931–39 Dust Bowl features among the most notable cases of wind erosion. Decades of
aggression against Native Americans opened up grasslands to intensive land use in the drought-
prone and windy North American Great Plains (winds can exceed 100 km/hr). Reduction in
plant cover and organic matter, along with aggregate break-up, raises soil susceptibility where
even conservation tillage may be insu$cient in preventing mass de#ation (Merrill et al. 1999). As
in the 1880s, such practices turned drought into catastrophe. The erosion of bare, desiccated soils
led to large and frequent dust storms, a"ecting especially sandier soils. Airborne dust became a
major respiratory hazard, especially among the poor. The displacement of millions, mostly
because of farm foreclosure, exacerbated a coincident massive economic debacle.

Under much pressure from below, governments responded by introducing social welfare,
massive farm subsidies (which worsened rural inequalities) and soil conservation programmes.
Such policies and the development of large-scale irrigation and pumping technologies averted
calamity during the even more severe 1950s drought, but less formidable subsequent droughts
have at times been harsher because of high-yield-oriented farming. In the mid-1970s farm
businesses capitalised on high grains prices by destroying protective features (e.g. hedges) or
abandoning conservation techniques (e.g. strip cropping) to expand productivity.

Such human-accentuated droughts continue to generate periodic dust storms, which present
major driving and respiratory hazards. In contrast, the drought-mitigating e"ects of irrigation

Box 29.1 Deserti!cation

Covering about forty-seven per cent of planetary landmass, dryland ecosystems occur
where the ratio of precipitation to potential evapotranspiration (P/PET) is less than
0.65. Excluding hyper-arid zones (P/PET <0.05), about thirty-nine per cent of the
world’s landmass is susceptible to deserti!cation, de!ned as ‘degradation of land in
arid, semi-arid, and dry sub-humid areas … caused primarily by human activities and
climatic variations’ (UNCCD no date). It is claimed to be a hazard affecting at least 250
million people, largely in poor countries.

Among the major obstacles to identifying deserti!cation is context-dependence
related to dryland ecosystem and land-use diversity, both of which change and at dif-
ferent rates. Another is in de!ning the main indicators. High rainfall variability makes
vegetation unreliable for discerning trends. Soil quality indicators, though increasingly
used, suffer from sparse and inadequate information, especially with respect to surveys
and long-term monitoring. Consequently, clear differentiation of climatic oscillations
from land-use effects is rare.

More fundamentally, the conventional de!nition is misleading, since dryland degra-
dation occurs even without human activity. Indicator values also depend on the sorts of
livelihood promoted (e.g. high-quality soil for hunting and gathering may not be sui-
table for export-oriented farming). Furthermore, deserti!cation claims, based on ten-
uous evidence, have been used to impose measures such as livestock destocking and
large-scale irrigation systems. Some of these projects have actually made people more
vulnerable to hazards, like famine and soil acidi!cation. This is not to deny or minimise
deserti!cation as hazard; rather, it is to caution against facile claims and their possibly
dire consequences through policy implementation.

Soil erosion and contamination
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systems have robbed water from many communities, while the Ogallala aquifer, one of the
largest in the world, is now threatened by depletion and, in some areas, salt accumulation,
known also as salinisation (Brooks and Emel 1995; Woodhouse 2003).

Farmland expansion in northern Kazakhstan and western Siberia

Similarly devastating was the 1954–64 USSR government policy to expand grassland cultivation
in northern Kazakhstan and western Siberia. The so-called ‘Virgin and Idle Lands Programme’
(VILP) involved further expulsion of pastoralists and gatherer-hunters from areas characterised by
wide-ranging inter-annual precipitation levels, dry and high spring–summer winds (90 km/hr–
110 km/hr), and recurring droughts. A primary incentive for the VILP was a combination of
inter-imperial rivalry with the USA (especially military, requiring large capital outlays), and a
need to raise grain production and augment meat and dairy availability (e.g. wheat in the steppes
allowing fodder crop specialisation in other regions) to pacify an increasingly urban and wage-
dependent population.

Eventually, more than 40 million hectares of grassland came to be cropped with the help of
650,000 colonists, despite specialists’ reservations based on major crop failures in the 1930s. Worse,
the VILP featured an anti-fallow campaign, eradication of pre-existing vegetation (especially
with mouldboard ploughs), machinery-induced compaction and constant pressures on state and
co-operative farms to maximise yield and forsake !eld rotation, contour-ploughing and other
soil-protection techniques. Matters were little helped by limited irrigation, and agrochemical
distribution and application di$culties.

A prolonged drought (1961–63) led to lower productivity and more frequent dust storms.
Approximately 7 million hectares of newly established cropland had to be retired. The VILP
also led to land concentration under fewer, larger state farms, mostly at the expense of
remaining pastoralists and co-operatives. The calamity turned the VILP into a net !nancial loss
for state co"ers, spelling more dependency on North American imports, and contributed to the
removal of Khrushchev by rival forces. Government response included the institution of a spe-
cial soil erosion programme in the Ministry of Agriculture. Importantly, continued expansion of
farmland contributed subsequently to reducing grain import dependence, when drought hit
other regions. Impacts on grassland soils were reduced with the introduction and spread of
minimum tillage, spatial alternation of annuals and perennials, and re-establishment of grasses,
among other soil conservation methods. Previous practices were also reinstated, such as crop
rotation, contour ploughing and tree planting for shelterbelts, but the regions remain nevertheless
highly vulnerable to wind erosion (McCauley 1976; Zonn et al. 1994).

Soil contamination

Soil movement is inseparable from contamination. Detached and relocated material can contain
toxic levels of compounds and/or pathogens. Dust from eroded soils, for instance, has been found
to carry hantavirus, tuberculosis and anthrax (Gri$n et al. 2001). Such losses can also greatly
modify soil properties and lead to decreasing contaminant neutralising capacity, especially with
organic matter reduction (Fullen and Catt 2004: 152–53). Toxins di"used through soil move-
ment are often now the result of bombing raids, spills, leaks and other military-industrial hazards,
but they may also be from non-human sources (e.g. volcanic eruptions). Natural hazards like
hurricanes can dislodge large quantities of contaminated soil. Contaminant di"usion can a"ect
not only disaster-stricken communities, but end up in places further away, where, sometimes,
disaster survivors are resettled.
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The politics of industrial, military or land!ll relocation, to name a few processes, can be just
as e"ective in spreading contaminants. For instance, wage-dependent communities largely
chained to a polluting factory for employment are economically eviscerated (but health may not
necessarily improve) by factory business migration to another community where unionisation
rates and taxes are lower and/or environmental policy enforcement is weak or absent. Such
occurrences reduce human welfare and long-term health in one community and introduce new
sanitary threats in another without even o"ering much economic improvement. Soil con-
tamination is then intimately tied to issues of health and livelihood well beyond the immediate
sites a"ected.

Conventionally, contamination refers to human impact inducing concentrations of substances
or pathogens above expected levels. Contaminants become pollutants when crossing established
critical loads, beyond which harmful e"ects start to occur for a speci!c function in an ecosystem
(e.g. plant growth rate) or human health. Organisms intolerant of high contaminant levels are
often used as bio-indicators of soil pollution (Gobat et al. 2004: 143–46). Nevertheless, distin-
guishing between soil contaminants and pollutants is hindered by the absence of universal
standards and the complexity of chemical interactions (Jennings 2008). One should be alert to
the motivations or consequences related to the use or questioning of standards.

Among the main contaminants are heavy metals (elements > 6 g/cm3 density), metalloids,
organic compounds (e.g. biocides, petroleum and its by-products), inorganic compounds (e.g.
synthetic fertilisers), pathogens and radionuclides. Sites most exposed to contamination tend to
be industrialised urban settings, processing and energy-producing plants and environs, military
installations and war-a"ected areas, mining and oil drilling operations, agro-chemically intensive
farming and ranching zones, and high vehicle-tra$c corridors. Once discharged onto or into
soil, a substance or pathogen may remain a contaminant or become a pollutant depending on a
variety of factors that can lead to di"ering rates of breakdown (or persistence), #ow and storage
within soils, and to diverse pathways and levels of concentration from soils to other environments,
like groundwater and air.

These factors can be generally divided into the amount and properties of a substance or
pathogen, the properties of a soil (including soil-dwelling organisms’ characteristics) and pre-
vailing environmental circumstances (e.g. timing and duration of rainfall). Some contaminants,
like non-polar compounds of low molecular weight, may be volatilised or washed away instead
of entering a soil. Contaminants that do in!ltrate become hazardous to people through direct
contact or assimilation (e.g. epidermal absorption or breathed-in dust), or by consuming food
and water derived from such soils (Singh 1998).

Human-induced soil contamination and social responses

Contamination can be initiated or exacerbated by human impact and threatens people in highly
uneven ways. It has become especially pronounced and widespread over the past two centuries,
with often long-lasting e"ects that are also somewhat independent of human action. For instance,
the 1986 radioactive release from nuclear reactor meltdown in Chernobyl, Ukraine, featured
windborne radionuclide di"usion to areas in northwest Europe, a"ecting thousands of hectares,
but it especially a"ected soils containing relatively high levels of reactive clays and organic matter,
to which such radioactive substances bind more easily (Singh 1998). Soils, alongside other
environmental factors, play crucial roles in determining whether and to what degree the intro-
duction of contaminants threatens people’s well-being. At the same time, it is social processes,
through often highly asymmetrical power relations, that are behind contaminant production,
di"usion and di"erential social impact.

Soil erosion and contamination
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Hazardous chemical production and disposal

Waste management provides a salient example. In 1982 North Carolina’s government elected to
transfer mostly PCB-laden soil from polluted roadsides to a land!ll in Afton, a poor community
with an African- and Native-American majority. PCBs are persistent organic compounds because
of their resistance to breakdown and tight binding to organic matter, but molecular weight and
chlorination level, among other factors, also a"ect their leaching and volatilisation (Whit!eld
Åslund et al. 2007). The decision sparked local residents’ indignation and they organised against
the potential threat of groundwater contamination. After prolonged struggle, involving direct
action protests, mass arrests, co-ordination with other activists (including scientists) and legal
recourse, the inhabitants succeeded, by 2003, in closing the land!ll, having neutralisation occur in
place and receiving public investment in local employment. Still, there have been no reparations
awarded, nor any investigations on repercussions of soil removal from a"ected roadsides.

What sets this case apart from preceding ones, such as the soil contamination-induced protests
and evacuations at Love Canal (New York, USA), was the eventually worldwide reverberation
of an initially localised response. Though many other communities su"ering from similar
socially imposed hazards had already articulated the linkage between environmental and social
justice issues, the Afton struggle gained enough notoriety to spur other systematic studies and
consciousness-raising campaigns from below. Eventually, besides spurring the development of
movements against environmental racism, it even led to US government formulation of envir-
onmental justice policies, to the international adoption of the concept among both policy-makers
and activists (contributing to the 1992 Basel Convention), and struggles against international
toxic waste transfers to poor countries (Adeola 2000; McGurty 2007).

As protests were continuing in Afton, one of the worst industrial calamities in history
occurred in Bhopal, Madhya Pradesh, India. Between 2 and 3 December 1984, tonnes of
methyl isocyanate, a compound used to produce carbaryl pesticide, were released, among other
reaction products, from a Union Carbide plant, killing thousands of people and permanently
debilitating the health of hundreds of thousands of survivors and their progeny (Mishra et al.
2009). The plant was closed shortly after the disaster. Years of prior wastewater discharge and
post-closure leaking stockpiles have contaminated local soils and groundwater with carbaryl,
hexachloro-cyclohexane and other persistent organochlorines, alongside chromium, mercury,
nickel and lead above safe levels. Nearby residents, already su"ering from exposure to toxic
gases in 1984, remain at risk for neurological, hepatological, reproductive, endocrine and gas-
trointestinal damage, among other health e"ects, through soil contact, dust inhalation, water use
and bioaccumulation (Johnson et al. 2009). Sharply contrasting the Afton case, the struggle
continues for clean-up, reparations and sentencing.

Indirect contamination

Human activities can lead to raising levels of pre-existing or introduced substances or pathogens.
Salt build-up (salinisation), for instance, often leads to lower soil permeability, toxicity and water
shortage for most plants, along with calcium and other de!ciencies. It heightens soil susceptibility
to both water and wind erosion, as all but the most salt-tolerant species are driven out, and can
yield potential water contamination, among other hazards (Szabolcs 1998).

The main source is water-soluble salts from soil-forming material and additions, especially in
areas with shallow groundwater. Though mostly alkaline, salt-a"ected soils can actually reach
extremely low pH (< 4), especially in coastal wetlands, where oxidation of pyrite and other
sulphur-rich materials generates sulphuric acid. Salinisation generally occurs under a wide range
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of environmental conditions (including tropical and mountainous areas) as part of soil formation,
but it can be accentuated if not caused by human activities.

In arid regions, salinisation can result from irrigation and/or groundwater extraction, or from
the drying out or interruption of an inland freshwater source through #uvial diversion or
damming, or lake and wetland drainage. Salt-a"ected areas have expanded with the di"usion of
large-scale irrigation projects over the past decades, including the above-cited Great Plains. This
undermines crop production in ten per cent of world irrigated cropland, with particularly
deleterious consequences in terms of livelihoods in places like the Indus Valley, Pakistan (Fullen
and Catt 2004: 37–38).

In coastal wetlands, soil drainage, often due to construction, will raise acid sulphate levels such
that, for instance, heavy metals can contaminate water supplies and materials in building founda-
tions can be corroded. In fact, any activity a"ecting soil water dynamics or composition in such
environments, such as wetland drainage, deforestation and industrial emissions, can lead to salt
build-up, including that of acid sulphates. For instance, large-scale irrigation schemes imposed
through foreign economic pressures along the Gambia River have resulted in salt-water
encroachment (salinisation). Attempts to reduce the impact by building tide-blocking dams in the
1980s have activated local acid sulphate soils, threatening long-term crop yield (Carney 1991).

There are many other ways in which soil contamination results from indirect forms of human
impact, but few studies explicitly link these two processes and even fewer analyse their social
determinants. Perhaps this relates to the often formidable logistical di$culties involved and the
usual exclusion of such phenomena from mainstream discussions. At the same time, it might be
useful to consider social responses like those in Bhopal and Afton (see also Box 29.2) as struggles
exemplifying the tight connection between soil protection and health risk. This could be one

Box 29.2 Soil contamination in the Niger Delta, Nigeria

The Niger Delta, among the world’s largest coastal wetland and mangrove swamp
areas (ca. 26,000 km2), is home to millions of people belonging to more than 100
minority ethnic groups. Their livelihoods depend primarily on subsistence farming,
gathering and hunting. Soil types include highly weathered clay, organic, and clayey and
sandy alluvial. On-shore drilling, piping, transport and re!ning of oil and gas have
contaminated soils for decades. Continuous gas "aring and thousands of spills are
major sources of surface contaminants, including polycyclic aromatic hydrocarbons and
heavy metals tens of thousands of times World Health Organization (WHO)-recommended
levels. Among the immediate health consequences have been child deformity, liver
damage and dermal diseases, but carcinogens and heavy metals will contribute to
making many lives short and painful for current and future generations. Soil pollution is
also undermining water quality and agricultural productivity through crop destruction
and soil nutrient decline, sometimes on land prone to acid-sulphate soil activation.
Health hazards compound mass pauperisation and underdeveloped infrastructure
resulting from livelihood destruction, heightening economic dependency on external
institutions and militarised appropriation of most oil and gas pro!ts by transnational
corporations and central government. Such injustice, recently recognised in interna-
tional courts, has been met since the 1970s by mass protests, legal action and armed
struggles. These have often been brutally suppressed by the central government, as oil
exports provide the bulk of state revenues and feed the economies of in"uential, arms-
trading countries like the USA and China.
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way of raising awareness about both direct and indirect forms of contamination more e"ectively
into the realms of, for example, activism and policy-making.

Conclusions

Soils should matter a great deal to those interested in disaster risk reduction. Soil movement and
contamination result from evolving interactions among soil properties and environmental forces,
including human activities. As illustrated above, soils can be inherently susceptible to movement
or can be altered to become so. This exacerbates disasters like earthquakes, even of minor scale,
but soil movement can itself turn into calamity, such as dust storms. Some soils, such as acid-
sulphate soils, release toxic compounds with often human-triggered changes in environmental
factors. Some soils o"er little or no bu"er against anthropogenic contaminants and so pose greater
health risks through toxin bioaccumulation. Sometimes deleterious consequences endure, as in
the case of abandoned, leaking industrial sites. Contaminated soils may also become susceptible to
movement and spread contaminants far and wide. All such potential soil-borne or soil-contingent
hazards should be considered when evaluating disaster risk for communities.

Abating the role of soil as disaster risk would require, at a minimum, the development of
infrastructure and institutions to inventory soils and monitor their status and properties. This
would have to be supplemented by information gathering on factors related to movement sus-
ceptibility and capacity as well as contaminant sources. Resulting databases and reports would
then have to be integrated with other data on risk so as to make evident the links between what
goes on in physical environments and social settings, and avoid compartmentalisation of
knowledge, which can be lethal (e.g. raising productivity and maybe income levels among
smallholding farmers by providing technologies and incentives that eventually turn soils into a
source of harm).

Such data and monitoring abilities, and therefore warning systems, do not exist in most
places. Building such capacity entails a massive redirection and redistribution of resources within
and among places, necessitating much greater international co-operation and co-ordination than
currently exists. The development of such capacity would greatly help in establishing early
warning measures or improving on existing ones. An example would be in assessing, in advance,
the likelihood and probable direction of a landslide with data on changes in soil susceptibility
and movement capacity magnitude (e.g. precipitation intensity and duration). Another example
would be, aside from existing applications like determining contaminant travel time from soil
surface to groundwater, the thorough examination of potential soil contamination risk prior to
construction, so as to avert the introduction of soil contamination disaster risks.

It is equally important to understand soil movement and contamination as linked to both
locality-speci!c and broader social processes. Human impacts from some societies over the past
couple of centuries have increasingly contributed to turning soils into hazards. Social institu-
tions, especially globally in#uential ones, sometimes create the conditions for unprecedented
impacts on soils and, when inducing and reinforcing economic inequality, simultaneously tend
to impose human-accentuated risks on the least powerful. At the same time, there are many
cases of indigenous practices that help reduce or prevent soil movement and contamination, but
these depend on what happens within and between households and communities (e.g. Brook-
!eld 2001; Carney 1991; Reij et al. 1996). Hence, aside from analysing interconnections across
places that impose risks on some societies more than others, there must also be close scrutiny of
class relations and of social status processes (ethnicity, gender, sexuality, age and physical ability
di"erentials) within a"ected communities. Identifying the most vulnerable and the most
responsible for creating or aggravating situations of vulnerability (intentionally or not) is
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hampered by not knowing who does what and where, who pressures whom to do what, and
who is made more vulnerable where, to what, and under what social conditions.

For these reasons, it is imperative that those most directly a"ected by the risks imposed by soil
hazards be empowered (e.g. wealth redistribution, livelihood options and participatory pro-
cesses), so that they e"ectively partake of decision-making processes with those involved in
hazard analysis or monitoring and policy formulation or enforcement. Simultaneously, funds
must be made available and legal provisions introduced that defend people whose lives are
threatened especially by soil contamination. This might be politically di$cult, but if military-
industrial hazards are ignored, then the e"ectiveness and even credibility of disaster risk reduc-
tion as an approach is much diminished. As a concrete example, imagine how e"ective risk
reduction would be if one were to dedicate e"orts to anything but such hazards in the case of
communities devastated by Hurricane Katrina, in a zone where soil-embedded carcinogens and
all sorts of other industrially produced contaminants abound and have been di"used through the
landscape by the catastrophic force of wind and water.
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