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Investigations in hydrology and hydrogeology are often hampered by a lack of param-
eters that permit direct observation or monitoring of the processes of interest. Prominent
examples of such processes are: (i) groundwater migration; (ii) surface water/groundwater
interaction; and (iii) the transport of dissolved contaminants in the aquifer. Powerful
tools for indirect process monitoring are the aquatic tracers. Their use generally results in
datasets that allow an integrative assessment of the investigated processes, including their
driving forces and resulting effects.

Of particular interest in this regard are “Environmental Tracers”, defined as ubiq-
uitously occurring natural or anthropogenic substances that are present in all natural
waters and can be assigned to distinct sources. In contrast to injected (i.e., artificial) tracers,
environmental tracers have three key advantages: (i) they involve no risk of environmental
contamination; (ii) they involve no perturbation of the hydrological system being studied,
and (iii) they are suited to large-scale and/or long-term studies.

Water-soluble radioisotopes, when used as environmental tracers, have been shown
to provide valuable information for a comprehensive understanding of hydrological and
hydrogeological processes. Generally, they have the advantage that their activity concen-
tration in any ground- or surface water body changes as a distinct function of time that
is defined by their individual half-life. Hence, aqueous activity concentrations in water
samples can, for example, be used as indicators for groundwater or surface water residence
times.

Two general concepts can be distinguished in this context of using natural radionu-
clides as aquatic tracers: (i) the radionuclide enters the water body with a certain time-
constant concentration or distinct concentration input function and decays in this new
environment (where it is not supported any longer by the decay of its parent nuclide) with
time; (ii) the radionuclide concentration in the water of concern starts at zero and builds up
with time in the new environment due to the decay of the respective parent nuclide present
there (Figure 1).

Both concepts are based on the general decay law, which sets the activity concentration
that develops with time (Ct) in relation to the input concentration (C0) as a function of the
elapsed time (t) and the nuclide-specific decay constant (λ) (Equation (1)).

Ct = C0 × e−λt (1)

Generally, a key criterion for selecting the most suitable natural radionuclide for any
specific purpose is its half-life. The half-life should be in the same range as the investigated
process. If, for example, the groundwater residence time (the time it takes of a parcel of
water to leave a water body) of an aquifer domain or a lake is to be investigated, the half-life
of the chosen radiotracer should be comparable with the residence time that is expected
for the water body. Thus, rather long-lived radionuclides (such as 3H, 14C, 36Cl, 39Ar,
81Kr, and 85Kr) are generally suitable for investigating high groundwater ages. Numerous
studies have been published that aimed to investigate aquifer systems with water residence
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times between 10 and 106 years. Published radiotracer-based investigations that focus on
sub-yearly groundwater residence times are rather scarce in comparison. This is because
only a few of the ubiquitously occurring radionuclides show a half-life short enough for
covering the sub-yearly timeframe (such as 222Rn, the radium species 224Ra and 223Ra, 7Be,
and 35S). Figure 2 displays naturally occurring radionuclides that can be applied as age
tracers (for dating sediments, soils, groundwater, or surface water bodies) plotted versus
the approximately covered age ranges.

Figure 1. Decay and buildup of radionuclide activity concentrations as function of time.

Figure 2. Radionuclides suitable as age tracers versus approximately covered age ranges.
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The aim of this Water Special Issue is to present and discuss innovative approaches that
apply ubiquitously occurring natural radioisotopes as environmental tracers in hydrology
or hydrogeology. Studies on theoretical aspects relevant to methodical approaches for
using naturally occurring radioisotopes as tracers, as well as field studies focusing on
their practical application in the terrestrial and the coastal environment, are presented.
The range of presented practical on-site applications is wide, including water migration
and surface water/groundwater interaction studies, as well as investigations of aquifer
contamination. The methodical papers focus on the use of short-lived radionuclides (220Rn
and 35S, respectively).

A number of contributions to this Special Issue add specifically to the growing body
of literature on submarine groundwater discharge. Luo et al. [1] show, based on radon
time-series measurements, that submarine groundwater discharge rates to the Jiaozhou Bay
(China) are 8–14 times higher than those of the local rivers. By combining radium isotopes,
radon, and stable isotopes of nitrate, Knapp et al. [2] reveal the importance of submarine
groundwater discharge for the primary productivity of coastal waters off Saipan (Northern
Mariana Island, US). Seasonal as well as tidal variations of radon and radium isotopes,
combined with stable isotopes of oxygen and hydrogen of water, recorded at Gaomei
Wetland (Taiwan), are related to variable submarine groundwater freshwater fractions and
tidal pumping processes by Hsu et al. [3].

Groundwater/river interactions are the focus of two studies by Schubert et al. [4,5] In
one of the papers, the problems of radon degassing and radon groundwater endmember
estimation, aiming at groundwater discharge localization and quantification, are discussed
based on data collected at a small and turbulent stream. The second paper discusses
groundwater discharge localization and quantification along a section of the Elbe River
(Germany). Here, Schubert et al. use a combination of an integrated radon sampling
approach and data processing using the FINIFLUX model. The approach allowed them to
differentiate between gaining and losing river sections and to quantify groundwater inflow
to the river.

The investigation of water contamination by means of tracer approaches is discussed
in two papers of the Special Issue. Mattia et al. [6] present the results of a study that
uses an innovative approach to identify groundwater contamination with non-aqueous
phase liquids (NAPLs) based on local 222Rn deficit patterns in the groundwater body. The
approach uses the very high solubility of 222Rn in NAPLs compared with water. In the
paper by Förster et al. [7], stable isotopes of oxygen and hydrogen are used to quantify
a so far unknown groundwater-borne phosphorous flux to an artificial lake in Northern
Germany. The results of the study are of high relevance for the local water managers, as
elevated phosphorous concentrations (i.e., contamination) are responsible for the poor
ecological status of the lake. Even though the tracers applied in this study did not include
radioisotopes, it was decided to include the study in the Special Issue because of the
interesting water-related challenge that was tackled using stable isotope tracers.

Besides these practical on-site studies, the Special Issue contains also two methodical
papers. A new tracer approach for estimating sub-yearly groundwater residence time
is subject of the paper by Schubert et al. [8]. The authors discuss the use of cosmogenic
radiosulfur (35S) as short-term tracer and point out that determining the input function of
radiosulfur is a main challenge for the application of this tracer. In the second methodical
paper, Derek and Schubert [9] present an analytical approach to quantifying thoron (220Rn,
t 1

2 = 55.6s) in water. Because of its short half-life, thoron is difficult to detect in the
environment. The innovative method described in this review paper offers the possibility
for a very localized identification of groundwater discharge hot spots, as well as for
localizing radium-bearing scales inside oil/gas pipelines or domestic water distribution
networks.

We want to thank all the authors for their contributions to the Special Issue. We also
appreciate the efforts of both the Water editors and the publication team at MDPI, as well
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as the many anonymous reviewers. Finally, we hope that the Special Issue arouses the
interest of the esteemed readers.
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