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With 1 figure and 1 table
Abstract: The present study provides an overview of geogenic contamination, its
occurrence, impacts and possible treatment options for drinking water production. Natural
background and anthropogenic contamination can be differentiated using an algorithm
based on the frequency distribution of measured substance concentrations. Case studies
for geogenic contaminants such as ammonium, fluoride, chloride, sulfate and uranium are
discussed based on the origin, occurrence, controlling factors and treatment options. It is
suggested that, in case of occurrence of geogenic contaminants, water must be treated or
alternative sources need to be found, e.g., managed aquifer recharge, prior to the distribution
as drinking water.
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Introduction
The chemical composition of groundwater is a combined result of the composition
of water that enters the subsurface and kinetically controlled reactions with the
aquifer matrix. Thus, long residence times in the aquifer may, for example, also
increase the ion concentrations in the groundwater (Appelo & Postma 2005).
Apart from natural processes, groundwater chemistry can also be modified by
anthropogenic impacts, e.g. nitrate leaching due to extensive use of fertilizers or
infiltration of industrial pollutants due to spills.
If a physical, chemical and/or microbiological water quality parameter exceeds
certain a threshold we speak of groundwater contamination. This threshold
can be e.g. a predefined natural background level or drinking water guideline
values. While the natural background concentrations can be derived from the
statistical analysis of large amounts of water quality samples (e.g. Wagner et al.
2011) drinking water guideline values are recommended based on the potential
human health impacts (WHO, 2011). A contamination can originate from natural
(geogenic) or anthropogenic sources. The most widespread forms of geogenic
contamination with human health impacts are elevated concentrations of arsenic
and fluoride (Johnson et al. 2008). Geogenic contamination may also be the cause
for elevated concentrations of uranium (Smedley et al. 2006; Stalder et al. 2012),
chloride (Panno et al. 2006) or sulfate (Toran 1987).
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Anthropogenic groundwater contamination can be classified into direct and
indirect impacts. Direct anthropogenic contamination is due to the direct input of
substances from agricultural (NO3, PO4, salinity etc), industrial (salinity, heavy
metals etc.) or urban (sewage, improper waste disposal etc.) activities as well as
from accidents (e.g. oil spills). However, there are certain anthropogenic activities
that are capable of changing the geochemical conditions in the subsurface
thus potentially mobilizing hazardous geogenic substances. For example, the
dewatering of former open pit lignite mines in Lusatia (Germany) lead to aeration
of aquifers and subsequent pyrite oxidation, a process which increases Fe and SO4
concentrations whilst reducing pH (Kohfahl 2004) – also known as acid mine
drainage. Another example is arsenic, which may be mobilized by variations in
redox conditions (e.g. increase in concentration under reducing conditions) due
to groundwater abstraction for drinking water production, irrigation, geothermal
power plants or mining activities (WHO, 1997). In case coastal aquifers are
overexploited, this may lead to the saline intrusion, which increases Na and Cl
concentrations in the coastal aquifers (Wen et al. 2011). All these cases can be
classified as examples of indirect anthropogenic contamination.

Algorithm to distinguish geogenic and anthropogenic
contamination
Natural groundwater quality may be defined as status in which “the concentrations
of the major cations and anions originate from not significantly anthropogenically
influenced soils and the rocks of a watershed, including groundwater from areas
under agricultural use or from areas where landcover changes has occurred over the
last centuries” (Schenk 2001). This definition is taken as basis for differentiating
between geogenic and anthropogenic impacts on groundwater quality. In general,
groundwater samples collected from a shallow aquifer are affected by both, natural
and anthropogenic processes. Thus, the observed concentration distribution (fobs)
may be described by the sum of two statistical distribution functions, representing
the natural (fnat) and the influenced (finfl) component (after Wendland et al. 2003):

fobs (c) = fnat (c) + f infl (c)

(1)

From the hydrochemical data analysis it is known that the natural component
is lognormally distributed, (assumption: the only process impacting groundwater
observed concentrations
(classified)

frequency

sum of calculated natural
and influenced components

natural component
influenced component

Fig. 1. Basic approach of separating the
natural and influenced component from
an observed groundwater concentration
pattern (Wendland et al. 2003).
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Granitic rocks (2.2–15
mg/kg), clays, shales,
Fe-rich rocks
(Bernhard 2005)

Natural weathering of
bed rocks, volcanic
activity, natural brines,
saline intrusions and
atmospheric deposition
(Panno et al. 2006;
Mullaney et al. 2009)
Sulfur-bearing minerals
(e.g. gypsum, anhydrite
and pyrite)

Degradation of natural
organic matter

Uranium

Chloride

Ammonium




Fluorite, micas, apatite,
amphiboles etc. in
granitic rocks

Fluoride

Sulfate

Geogenic sources

Contaminant

Presence of organic matter,
nitrogen mineralization, time
and redox conditions;
anthropogenic impact through
waste water

Availability of sulfate rich
minerals in the aquifer, redox
conditions

F minerals, pH, temperature,
anion exchange capacity of
aquifer materials (OH– for F–),
residence time, porosity, soil
structure, depth, groundwater
age and bicarbonates
pH, ionic strength, redox
potential, availability of
organic and inorganic ligands,
formation of colloids,
solubility product of limiting
minerals etc.
Availability of Cl sources,
evapotranspiration,
atmospheric precipitation,
geographic locations, i.e.
coastal/inland areas (Guan et
al. 2009)

Influencing factors

Table 1. Case studies for geogenic contaminants in groundwater.

– Malaysia: 3.7 mg/L (Hasan
et al. 2011)
– Brandenburg, Germany: >1
mg/L (Hannappel 1996)

– Sachsen-Anhalt (D): >240
mg/L (Hannappel 2009)
– Vaniyambadi (IN): up to
576 mg/L (Kumar et al.
2013)

SO4 > 1000 mg/L can cause
laxative effects (WHO 2011)
Drinking water:
– Germany: 250 mg/L
(TrinkWV 2011)
No health based guideline
value suggested (WHO 2011).
A consumption of 33.7 mg/kg
of body weight per day may
cause metabolic disorders

– West France:  1200mg/L
(Grimaldi et al. 2009)
– Belgam city (IN):  333
mg/L (Sameer et al. 2011)
– Brandenburg (D)>250 mg/L
(Hannappel 2009)

No health based guideline
value is suggested by WHO
(2011).
Cl->250 mg/L may lead to a
detectable taste (WHO 2011)

– Switzerland: 0.05–92.02
μg/L(Stalder et al. 2012)
– Nalgonda (IN):0.2 to 68
μg/L(Brindha et al. 2011)

– 57% of the Indian states:
F>1.5 mg/L(Kumar 2012,
Reddy et al. 2010)

Dental and skeletal fluorosis
Drinking water:
– 1.5 mg/L (WHO 2011),
– 1.2 mg/L (BIS 1992)
Nephritis
(Hursh & Spoor 1973)
Drinking water:
– 30μg/L (WHO 2011)
– 10μg/L (BMG, 2011)

Examples

Health effects &guideline
values

Natural: anaerobic reduction
in constructed wetlands
(Košutic et al. 2004; Rustler
et al. 2012)
Technical: RO, NF, ion
exchange (e.g. CARIX®)
Natural: bioremediation,
zeolite
Technical: ion exchange
(Thornton et al. 2007, Li et
al. 2011)

Natural: bioremediation
(Abdelouas et al. 2000);
technical: permeable
reactive barriers (Barton et
al. 2004) and ion exchange
(URANEX ®)
Reverse osmosis,
distillation, ion exchange,
and treatment using
hydrotalcite (Hua & Lu
2006)

Lime softening, coagulation
and precipitation, activated
alumina
(Crittenden et al. 2005)

Treatment options
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quality is the reactive interaction of groundwater with the aquifer matrix)
whereas the anthropogenic component follows a normal distribution (assumption:
groundwater quality is only due to the variability of the different anthropogenic
sources). Thus the shape of the distribution is the key factor in differentiating
natural and anthropogenic sources (Fig. 1). The explicit shape of both distribution
functions is determined by three independent parameters each (amplitude, median
and variance), which have to be fitted to the observed frequency distribution using
standard algorithms. As a result, the observed distribution pattern is represented
by two distribution functions of known shape, which can be assigned to the natural
and anthropogenic component.
A transparent measure for natural groundwater concentrations is the concentration range defined by the 10th and the 90th percentiles of the concentration
distribution of the natural component (Wendland et al. 2003).

Cases of geogenic groundwater contamination
Relevant geogenic contaminants that may be encountered in water supply schemes
can be listed as ammonium, fluoride, chloride, sulfate and uranium. Case studies
for each of these parameters are presented in Table 1.
Countermeasures to avoid geogenic contamination of drinking
water
In regions where groundwater generally shows geogenic concentrations of one or
more substances above the drinking water guidelines, other resources (e.g. managed
aquifer recharge, surface water reservoirs etc.) or water treatment should be taken
into account. As water treatment technologies a broad selection of technologies is
available (see Table 1). In recent years new developments can be observed in the
field of ion exchange and membrane filtration. One example is the URANEX®
system, an ion exchange process implemented by Krüger-WABAG for example
in Trollmühle, Germany in 2011 for the safe removal of uranium which occurs
at concentrations of up to 13 μg/L in the local groundwater. In combination with
CARIX® for softening the resulting drinking water does not only comply with the
guidelines for drinking water but also leads to i) less corrosion in the network, ii)
lower consumption of household detergents and iii) reduction in scaling processes
leading to higher energy efficiency.
Summary and conclusions
Geogenic contamination is defined as the overstepping of certain thresholds (e.g.
drinking water guidelines) in the aquifer without direct or indirect anthropogenic
influence. Often it is the result of long residence times combined with favorable
geologic conditions and mineralogy of the aquifer. An algorithm using the
frequency distribution of measured concentrations can be used for differentiating
natural background and anthropogenic sources of groundwater contamination.
Uranium, arsenic and fluoride were found to be the most hazardous geogenic
contaminants in terms of human health impacts. In many cases the levels of
these ions in groundwater are exceedingly higher than the permissible limit and
treatment is therefore necessary to reduce the concentrations to meet drinking
water guideline values. Apart from shifting to alternative resources (e.g. MAR)

eschweizerbart_xxx

Geogenic groundwater contamination

73

treatment methods are available, ranging from natural (e.g. bioremediation) to
more advanced methods (e.g. reverse osmosis or ion exchange).
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