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After atmospheric deposition and storage in the ice, glaciers
are temporary reservoirs of persistent organic pollutants (POPs).
Recently, the hypothesis that melting glaciers represent
secondary sources of these pollutants has been introduced
by investigationsof thehistorical trendofPOPs inadatedsediment
core from the proglacial Alpine Lake Oberaar. Here, the
hypothesis is further confirmed by the comparison of sediment
data gathered from two Alpine lakes with a glaciated and a
nonglaciatedhydrologicalcatchment.Thetwolakes(LakeEngstlen
and Lake Stein in the Bernese Alps in Switzerland) are
situated only 8 km apart at similar altitude and in the same
meteorological catchment. In the nonglacial lake sediment of
Lake Engstlen, PCBs and DDT (polychlorinated biphenyls and
dichlorodiphenyl trichloroethane) levels culminated with the
historic usage of these chemicals some 30-50 years ago. In
the glacial Lake Stein, this peak was followed by a reincrease
in the 1990s, which goes along with the accelerated melting
of the adjacent glacier. This study confirms the hypothesis of
glaciers being a secondary source of these pollutants and is in
accordance with the earlier findings in Lake Oberaar.

Introduction
Persistent organic pollutants (POPs) represent environmental
contaminants of particular concern because they can seri-
ously threaten human health and the environment and are

concurrently recalcitrant to degradation, accumulate in
human and animal tissue, biomagnify along food chains,
and undergo long-range atmospheric transport (1-3). POPs
emitted in large amounts in populated areas are transported
to mountain areas and deposited by precipitation and
condensation (4). An unexpected increase of environmental
pollution by POPs, such as polychlorinated biphenyls (PCBs)
and dichlorodiphenyl trichloroethane (DDT), has recently
been reported in a study investigating temporal trends of
POPs in the proglacial Lake Oberaar, Switzerland, which is
directly fed by meltwater from the adjacent Oberaar Glacier
(5). Historical input fluxes of PCBs as well as DDT and its
main transformation products (dichlorodiphenyl dichloro-
ethane (DDD) and dichlorodiphenyl dichloroethene (DDE))
were reconstructed based on the analysis of these compounds
in a dated sediment core. Hence, a first apex of input occurred
in the 1970s, corresponding to widespread and extensive
contemporary usage of these chemicals. However, after a
decline as a consequence of bans and phasing out, a sharp
reincrease of input of POPs into Lake Oberaar has been
observed since the late 1990s, which was accompanied with
accelerated retreat of the adjacent glacier. In contrast,
temporal trends of POPs observed in previous studies in
sediments of Swiss lowland lakes revealed steadily decreasing
levels since the 1970s (6-8). The most likely rationale for
these diverging findings is conveyed in the “glacier hypoth-
esis”, claiming melting glaciers to represent a secondary
source of POPs that were previously deposited to and
incorporated into glaciers and are now released back to the
environment due to the accelerated melting of glaciers
induced by global warming (5, 9-12).

The major uncertainty of this hypothesis to date consisted
in the constraint to refer to low-altitude lakes as a comparison
to Lake Oberaar, as no data about high-Alpine but nonglacial
lakes in that region were available. Besides climate conditions,
low-altitude lakes represent several characteristics distinctly
differing from high-Alpine lakes, in particular their location
in highly urbanized areas with direct anthropogenic input,
for example, of effluents from wastewater treatment plants.
Additionally, in the study about Lake Oberaar, sediment
material reaching only until 2005 was available and the three
reference studies for temporal trends of environmental
contaminants in Switzerland covered only the period until
2004 (6), 1998 (8), and 1994 (7).

The present study is aimed at further corroborating the
“glacier hypothesis” by comparing temporal trends of PCBs
and DDT in recently sampled sediment cores taken from
two high-Alpine lakes with different catchment characteristics
and resulting water supply, but from comparable regions
and altitudes. These lakes, Lake Stein and Lake Engstlen, are
both located in the Bernese Alps in central Switzerland. Due
to similar altitude (approximately 1900 m above sea level
(asl)) and short linear distance of 8 km between the two
lakes, atmospheric exposure is supposed to be very similar.
Just as Lake Oberaar (5), Lake Stein is a proglacial lake mainly
fed by meltwater from the Stein Glacier, which has melted
significantly since the 1980s. In contrast, Lake Engstlen
represents a nonglacial Alpine lake fed mostly by surface
runoff and karstic inflows. Its topographic catchment, as
indicated in Table 1, might thus not coincide with the real
area of origin of Lake Engstlen waters, as karst hydrology is
rather complex. Nevertheless, the bulk of the particles are
expected to be derived from the topographic watershed, as
the main contribution comes from runoff in the East of the
lake and as potential external karst-water inflows are heavily
filtered. Hence, the temporal trends of levels of POPs recorded
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in sediment of the proglacial lake are expected to reflect the
release of persistent chemicals from the glacier, whereas input
of POPs in the nonglacial lake is due to direct input into the
lake and the surrounding catchment area and not influenced
by a glacier. Next to the mentioned similarities, the common
sampling periods as well as the analogous analytical methods
applied for both lakes provide further positive premises for
a direct comparison.

Materials and Methods
Study Sites. Lake Stein and Lake Engstlen are located in the
Eastern part of the Bernese Alps in Switzerland and are
separated only by a distance of 8 km (Figure 1). The main
difference between both lakes is their source of water supply.
Lake Stein is a proglacial lake almost entirely fed by meltwater
from the contiguous Stein Glacier, whereas Lake Engstlen is
situated in alpine pastureland and mainly supplied by
subterranean springs and surface runoff. Thus, the catchment
areas of both lakes are basically different, with the Lake
Engstlen catchment being predominantly covered with
vegetation with only a very minor glacier present, and the
catchment of Lake Stein being almost entirely covered by
glacier and rocks with virtually no vegetation (Table 1).

Sampling and Dating. In Lake Stein (46°43′N, 8°26′E), a
sediment core (88 cm length) covering the period 1973-2008
was sampled in March 2009 using a percussion-piston corer
from the surface of the frozen lake. A sediment core (172 cm
length) retrieved at the same location with a pneumatic
vibrocoring system in a previous study in 2000 and stored
in cold and dark conditions was available covering the period
1960-2000 (upper 104 cm) (13). The combination of the two
cores defines a complete mastersection providing sediment

material covering the entire period 1960-2008. In Lake
Engstlen (46°46′N, 8°21′E), a sediment core (74 cm length)
covering undisturbed sediment from the period 1963-2008
(upper 11 cm) was sampled in June 2009 using a gravity
short corer from an inflatable rubber boat. The sediment
cores were dated by counting the annual sediment layers
(varves) for Lake Stein and by correlation to a dated sediment
core from a previous study (14) for Lake Engstlen. The age
dating for both lakes was verified by 137Cs measurements
enabling the identification of the peaks of 1963 (atmospheric
nuclear bomb testing) and 1986 (Chernobyl accident) fallouts
as well as the prebomb-period absence of 137Cs prior to the
1955. After dating, the sediment cores were divided into
individual samples that were freeze-dried, pestled, homog-
enized, and stored in the dark prior to analysis. Further details
of the sediment dating are provided in the Supporting
Information (SI).

Sediment Analysis. Sediment was Soxhlet extracted with
acetone/n-hexane (1:1 v/v), and aliquots of the extract were
spiked with isotope-labeled internal standards. Clean-up was
performed with silica gel chromatography. An isotope-labeled
recovery standard was added to the purified extracts.
Quantitative analysis was performed by gas chromatography
coupled to electron ionization high-resolution mass spec-
trometry. The method is described in detail in the SI.

Quality Assurance. For Lake Stein, the very reliable dating
based on the identification of annual sediment varves, the
high resolution of this recomposed sediment core as well as
the available sediment material enabled to divide the core
into samples spanning 1-2 years. This temporal resolution
provides a good basis for sound data interpretation. As the
sediment core from Lake Stein taken in 2009 dated just back

FIGURE 1. Lake Engstlen at 1850 m asl (E) and proglacial Lake Stein at 1934 m asl (S) with adjacent Stein Glacier (blue edging),
both situated in the Bernese Alps in Switzerland (left map). Reproduced by permission of Swisstopo (BA100580).

TABLE 1. Major Characteristics of Lake Engstlen and Lake Stein

Lake Engstlen Lake Stein

water surface altitude (m asl) 1850 1934
lake surface area (km2) 0.46 0.11
lake max. depth (m) 49 20
topographic catchment area (km2) 7.8 8.5
max. catchment altitude (m asl) 3034 3600
mean sedimentation rate (cm/a) 0.2 2.5
mean sedimentation flux (g/m2/a) 1200 62 200
lake formation natural lake formed after last

ice age (10 000 years ago)
natural proglacial moraine-dammed

lake formed in the 1940s
catchment geology 67% limestone, 33% sandstone crystalline silicate rock
catchment coverage rock, detritus, pasture, forest,

and to a small extent glacier (12%)
rock, detritus, and to a large

extent glacier (70%)
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to the year 1973, sediment samples from the sampling
campaign conducted in 2000 had to be included to cover the
complete period from 1960-2008. Thus, the samples cor-
responding to 1962 and 1967 were taken from the sediment
core taken in 2000 together with an additional, overlapping
duplicate from 1975 designated QA1 in the result section.
Due to the low sedimentation rate in Lake Engstlen (ca. 0.2
cm/a, see Table 1) the core had to be separated in samples
spanning 2-7 years. Although the temporal resolution in
this lake is less precise, the 1986-layer (137Cs), as well as an
earthquake-triggered turbidite layers of 1964 (comprising and
disturbing the 1963-bomb 137Cs peak) and the 137Cs-free
prebomb period could be identified with confidence. More-
over, downcore 210Pb measurements confirmed the range of
137Cs-based sedimentation rates; thus serious dating errors
can be excluded (see SI).

Analytical quality assurance included repeated analyses
of blank samples and check for recovery of internal standards.
The top (surface) sediment sample from Lake Stein was
analyzed twice for PCBs, including duplicate extraction,
cleanup, and measurement procedure. The second of these
duplicate samples is designated QA2 in the result section.
The limit of detection (LOD) for each individual analyte was
either set equal to the maximum blank value or it was based
on a signal-to-noise ratio >3 in the reconstructed ion
chromatogram, whichever was greater. The detailed quality
assurance procedure and the processing of nondetects are
presented in the SI.

Data Presentation. In this publication ∑PCB denotes the
sum of the six indicator PCB congeners 28, 52, 101, 138, 153,
and 180. ∑DDT denotes the sum of p,p′-DDT, p,p′-DDD,
and p,p′-DDE. Data are not blank corrected and are presented
as fluxes into the sediment, which are more representative
of the input into lakes than concentrations. Flux is obtained
by combining the measured concentration of the target
analytes with the sedimentation rate in the respective lake
(see Table 1). Concentrations of the target analytes in
sediment are provided in the SI.

Results
Figure 2 shows the temporal trends of input of ∑PCB and
∑DDT into Lake Stein and Lake Engstlen, together with the
quality assurance samples (QA1 and QA2) and limit of
detection (LOD). Detailed measurements are provided in SI
Tables S1-S8.

Temporal Trends in the Proglacial Lake Stein. Input of
∑PCB and ∑DDT into Lake Stein increased from the deepest
sediment layer (1961-1963) to peak around 1973 (45 µg/
m2/a) and 1975 (44 µg/m2/a), respectively. Afterward, fluxes
decreased rapidly to lowest levels of ∑PCB in 1984 (21 µg/
m2/a) and ∑DDT in 1990 (14 µg/m2/a). After these minima,
levels have reincreased to a second peak in 2006 (∑PCB 49
µg/m2/a, ∑DDT 28 µg/m2/a). In the surface sediment layer
from 2008, fluxes decreased again, although remaining higher
than the minima in the 1980s-1990s. Throughout the covered
period, the range of input fluxes into Lake Stein was similar
for ∑PCB (19 - 49 µg/m2/a) and ∑DDT (14 - 44 µg/m2/a).
The reproducibility of the two duplicate quality assurance
samples QA1 and QA2 (see above) lies within the uncertainty
of measurement: The flux determined for QA1 differs from
the flux in the parallel sample by 4% and 26% for ∑PCB and
∑DDT, respectively, and the flux of ∑PCB determined in QA2
differs from the duplicate measurement in the same sample
by 16%.

Temporal Trends in the Nonglacial Lake Engstlen. Input
of ∑PCB and ∑DDT into Lake Engstlen were low in the deep
sediment layers dated to 1965-1974 (∑PCB 2.9 µg/m2/a,
∑DDT 1.3 µg/m2/a). ∑PCB increased until around 1987 (5.1
µg/m2/a) and then decreased continuously (2.4 µg/m2/a in
2007). ∑DDT peaked during the 1970s-1980s with bimodal

trend composed of two maxima around 1977 (5.5 µg/m2/a)
and 1987 (3.9 µg/m2/a). During the last two decades ∑DDT
clearly decreased to low levels in 2007 (1.2 µg/m2/a).
Throughout the investigated period, input fluxes of ∑PCB
(2.3 - 5.1 µg/m2/a) and ∑DDT (1.0 - 5.5 µg/m2/a) into Lake
Engstlen were similar, though about by a factor of 10 lower
than fluxes into Lake Stein. Note that concentrations of ∑PCB
and ∑DDT are higher in Lake Engstlen than in Lake Stein
(see SI Figures S4 and S5).

Discussion
Quality Assurance. The reliability of the analytical procedure
itself is supported by the good reproducibility observed in
analyses of duplicate sediment samples (∑PCB and ∑DDT
in QA1, ∑PCB in QA2). Particularly noteworthy is the
consistency of the fluxes measured in the two sediment
samples originating from the same sediment layer (varve)
(QA1 sample) but taken from two sediment cores, which
were recovered in two separate sampling campaigns in 2000
and 2009. This satisfying result provides strong confidence
in the complete procedure, including sampling, sample
handling, and measurements. The smallest difference be-
tween the lowest measurement in field samples and the
highest levels in blank samples is a factor of 2 for ∑PCB and
a factor of 9 for ∑DDT. The peaks observed in the sediment
trends stand out from the background levels by an increase
of at least 99% for ∑DDT between the 1990 and 2006 and
135% for ∑PCB between 1984 and 2006. The largest diver-
gence observed for the duplicate surface-sediment sample
from Lake Stein (QA1) accounts for only 26% for ∑DDT. Thus,
the trends observed in sediment of the two lakes are only
marginally affected by uncertainties of the method and can
therefore be considered as distinct.

Input of POPs into High-Altitude Lakes Prior to the
1990s. Input of semivolatile atmospheric pollutants into the
investigated lakes consists of direct atmospheric deposition
on the lake’s surface and retarded aqueous input of dissolved
and particle-associated POPs from the hydrological catch-
ment area. Due to the lake’s relatively small surface area,
amounts of pollutants deposited directly by precipitation on

FIGURE 2. Input fluxes of (A1) ∑PCB, (A2) ∑DDT into Lake
Stein, and (B1) ∑PCB, (B2) ∑DDT into Lake Engstlen. Open
circles denote samples originating from a sediment core taken
within an earlier sampling campaign in 2000. QA1 and QA2
correspond to duplicate separately analyzed samples (see
quality assurance section). Limit of detection (LOD) was
converted into a flux, based on the mean sample amount and
the mean sedimentation rate in the corresponding site. The
error bars on the x-direction indicate the time spans covered
by the corresponding samples.
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the lake’s surface are much smaller than total input from the
surrounding catchment area (see Table 1). Thus, the temporal
trend of the flux into the lakes mainly depends on the
retention characteristics of the catchment area. In the
predominantly rocky and glacial catchment area of Lake Stein,
POPs deposited on mineral soils and rocks exhibiting very
low retention capacity for hydrophobic chemicals are
expected to be transferred to the lake without relevant delay
(15). POPs deposited on the glacier are either transferred to
the lake with surface runoff and meltwater or are incorporated
into the glacial ice and stored until melting in the glacier
snout (9, 16). In contrast, the relatively organic-rich soils
dominating the catchment area of Lake Engstlen might
represent an appreciably higher retention capacity for
hydrophobic compounds compared to Lake Stein (15).
Moreover, filtration/retention effects for PCBs and DDT in
the subterranean aquifer of the mainly subterranean water
inflow may cause further retardation. Postdepositional
processes may also be noteworthy in Lake Engstlen. Sub-
stantial content of organic matter in sediment (1-3%), low
sedimentation rates (see Table 1), relatively high temperatures
in this shallow and rainwater fed lake, as well as alkaline pH
in these calcareous sediments (pH in surface water 8.4, in
water 1 cm above sediment 8.2) (14), are indications for
appreciable biological activity in the sediments. Bioturbation
may result in some vertical mixing of sediment particles and
associated POPs and, therefore, to the broader and delayed
peaks of ∑PCB and ∑DDT in sediments from Lake Engstlen.

Global production and usage of PCBs and DDT started
in the 1930s and the 1940s, respectively, and peaked in the
1950s-1970s (17, 18). Whereas PCBs were used in various
applications such as dielectric fluids in electrical equipment
and as a plasticizer in paints and elastic joint sealants, DDT
was exclusively used as a pesticide. Many of these applications
resulted in direct emissions of these chemicals to the
environment. In 1972, use of DDT as well as all open
applications of PCBs have been banned in Switzerland (19).
A complete ban of PCBs followed in Switzerland in 1986 (19)
and worldwide in 2004 by the ratification of the United
Nations Environmental Program (UNEP) Stockholm Con-
vention (20). Today, old joint sealants and paints still
represent a considerable source of PCBs to be released into
the environment (21).

The peaking input of ∑PCB and ∑DDT into Lake Stein in
the 1970s coincides with the high emissions in the boom
years of these chemicals. In sediment of Lake Engstlen, the
peaks of ∑PCB and ∑DDT are broader and appear later than
in Lake Stein, as well as somewhat later than what would be
expected from use and emission history of these chemicals
(17-19). Similar findings are reported for mountain lakes in
the Pyrenees and in the Tatra (22). In the case of Lake
Engstlen, this retardation may be due to the above-mentioned
retention characteristics of the catchment area. Although
the absolute concentrations of ∑PCB and ∑DDT are higher
in Lake Engstlen than in Lake Stein, the considerably higher
sedimentation fluxes in Lake Stein (see Table 1) lead to
absolute levels of input fluxes into Lake Stein that are higher
than into Lake Engstlen by 1 order of magnitude. Input fluxes
into Lake Stein are also higher than fluxes determined in 24
km distant proglacial Lake Oberaar by a factor of 2, where
PCBs and DDT peaked in 1972 with 25 and 13 µg/m2/a,
respectively (5). The pollutant fluxes correlate with the
catchment-to-surface area ratio of these lakes: The ratio is
77 for Lake Stein (8.5 km2/0.11 km2), 17 for Lake Engstlen
(7.8 km2/0.46 km2), and 13 for Lake Oberaar (19.4 km2/1.46
km2). In the case of Lake Engstlen the input flux may further
be reduced by the above-mentioned retention properties of
the organic-rich catchment.

Culmination of PCB and DDT levels some decades ago
was generally observed in several previous studies on

temporal trends of POPs in Swiss lake sediments: in 1959 for
∑PCB and 1956 for ∑DDT in the urban Lake Greifensee (8, 23),
in 1961-1990 for ∑PCB and 1956 for ∑DDT in the rural Lake
Thun (6), and in 1972 for ∑PCB and ∑DDT in the Alpine
proglacial Lake Oberaar (5). Essentially, the bimodal trend
of ∑DDT in Lake Engstlen results from the superposition of
chronologically different maxima of DDT and its transfor-
mation products DDD and DDE (see SI): DDT peaked in the
1970s and 1980s, pointing toward a first major input of DDT
into Lake Engstlen by atmospheric fallout in the 1970s during
major DDT use and a second, delayed input of predominantly
transformation products into the lake in the 1980s from soils
in the catchment area. DDD, which can be formed from
DDT under anaerobic conditions (2), peaked mainly in the
1970s and to a smaller extent in the 1980s, possibly indicating
formation of DDD in sediment. DDE, which can be formed
from DDT under aerobic conditions (2), peaked in the 1980s,
possibly due to formation of DDE in soils of the lake
catchment area.

Concentrations of PCBs and DDT in High-Altitude Lake
Sediments Since the 1990s. Since 1990, temporal trends of
∑PCB and ∑DDT have evolved differently between the two
lakes. Whereas levels continuously decreased in Lake Engstlen
sediments during the last two decades, they reincreased
during the same period in Lake Stein. This observation is
consistent with the “glacier hypothesis” tested in this study
purporting that the reincrease of levels of ∑PCB and ∑DDT
in Lake Stein is a consequence of the melting Stein Glacier
representing a secondary source of these pollutants. This
hypothesis has been constructed recently based on similar
findings in sediments from proglacial Lake Oberaar, which
is fed by the eponymous glacier (5). However, in this previous
study it was not possible to directly compare the observed
temporal trends of POPs to sediments of a nonglacial but
high-Alpine lake. This gap can be closed by the finding that
the declining trend of PCBs and DDT in Lake Engstlen is
similar to the trends observed in low-altitude Swiss plateau
lake sediments. Atmospheric transport of these chemicals to
remote high-Alpine sites, in particularly to the Bernese Alps
investigated here, has thus developed similarly as in other
regions in Switzerland. The regional distribution of POPs
independent of altitude has also been confirmed by similar
historical trends of PCBs and DDT observed in an ice core
drilled in a glacier in the southern slopes of the Alps (24, 25).

If the glacier hypothesis is true, a close link between the
glacier’s length changes and the released pollutants should
occur, because a retreat of the glacier is an indication of
accelerated melting and vice versa. As the length variations
of Stein Glacier were measured in detail (26), a direct
comparison between the fluxes of the chemicals into the
sediment and the annual length variation can be established
(Figure 3). This comparison clearly shows that both curves
of annual glacier length variation and pollutant input into

FIGURE 3. Input fluxes of ∑PCB and ∑DDT into Lake Stein and
annual length variation of the Stein Glacier (26).
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the lake display the expected behavior by yielding fairly
parallel trends over the analyzed period. Even more, short-
term changes are matched, as for instance the fastest retreat
of the glacier in 2004, which is paralleled by a coincident
highest flux of PCBs and DDT. During the consecutive slower
glacier retreat until 2008, the POP flux into the lake decreased
markedly.

The accentuated reincrease of levels of ∑PCB compared
to ∑DDT indicates a stronger release of ∑PCB from Stein
Glacier. This pattern may also result from the transport of
these chemicals through the glacier. The initial incorporation
of PCBs and DDT into the glacier ice may not have occurred
simultaneously due to the different usage history of these
chemicals. Both compound classes are thus probably trans-
ported through the glacier by different ice packages and,
therefore, not released in meltwater at the same time. The
release of persistent chemicals from melting Alpine glaciers
depends on the glacier dynamics, which are specific for a
given glacier. For Oberaar Glacier a glacier flow model has
been developed and coupled to a multimedia fate model for
POPs, including PCBs and DDT (16). The latter study has
illustrated that the retention time of POPs in the Oberaar
Glacier was about 50 years. Similarly to the observations in
the present study, it could be shown that DDT, which was
incorporated into the glacier earlier than PCBs due to its
different usage history, was transported with ice packages
following longer trajectories and was, therefore, released later
from the glacier.

The observed decrease of fluxes of PCBs and DDT into
Lake Stein sediment in very recent timessfluxes are lower
in 2008 than in 2006 (see Figures 2 and 3)scannot yet be
interpreted unambiguously. As described above, it can be
ascribed on one hand to the decelerated melting of the Stein
Glacier during the period 2004-2008 or to a final exhausting
of the reservoir of these chemicals in the glacier. On the
other hand, it may be a result of the intrinsic glacier dynamics
of this glacier and the resulting inhomogeneous distribution
of pollutants in the ice: In the period covered by the most
recent sediment sample (2007-2009) the Stein Glacier may
have released predominantly meltwater originating from ice
formed at a period when atmospheric deposition of these
pollutants was low. Note that during the 1970s-1980s when
atmospheric pollution by PCBs and DDT was high, the Stein
Glacier was growing (i.e., positive annual variation in Figure
3), implying that the glacier accumulated a large amount of
pollutants. Thus, the amount of melted ice is not an exclusive
and sufficient condition for proportional release of pollutants
from a glacier. Primarily, the pollutant load of the ice is
responsible for increasing fluxes into a glacier-fed lake. The
flow of Alpine glaciers results in a delayed release of pollutants
transported with the glacial ice. Thus, a relatively small
amount of icesformed at a period when environmental
pollution was highscan represent an important reservoir of
contaminants and result in an important release when this
ice melts. Conversely, a large amount of icesoriginating from
a period when atmospheric deposition of pollutants was
lowscontains only small amounts of pollutants and does
not represent an important reservoir (16). However, due to
the complex constitution of Stein Glacier it cannot conclu-
sively be decided whether the pollutant reservoir is finally
or only temporarily exhausting.

In this study the “glacier hypothesis” could be supported
by applying for the first time a comparison between a
proglacial and a nonglacial high-Alpine lake. The release of
POPs from the Stein Glacier confirming previous assumptions
(5, 9-12) indicates that storage of such chemicals in Alpine
glaciers is probably valid for all glaciers that still include ice
from the peak use period of POPs. Next to the question about
the environmental relevance of a rapid release of POPs under
future climate warming scenarios, widespread occurrence

of persistent chemicals in Alpine glaciers calls for an extended
understanding of the fate of POPs in mountain areas. This
study reveals several processes that still need further
investigations to be fully understood, such as the complex
transport processes of POPs through Alpine glaciers. Further,
the role of soils as temporary retention media and reservoirs
of POPs deserves further attention.
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(16) Bogdal, C.; Nikolic, D.; Lüthi, M. P.; Schenker, U.; Scheringer,
M.; Hungerbühler, K. Release of legacy pollutants from melting
glaciers: Model evidence and conceptual understanding. En-
viron. Sci. Technol. 2010, 44 (11), 4063–4069.

(17) Breivik, K.; Sweetman, A.; Pacyna, J. M.; Jones, K. C. Towards
a global historical emission inventory for selected PCB
congenerssA mass balance approach 1. Global production and
consumption. Sci. Total Environ. 2002, 290 (1-3), 181–198.

(18) Li, Y. F.; Macdonald, R. W. Sources and pathways of selected
organochlorine pesticides to the Arctic and the effect of pathway
divergence on HCH trends in biota: a review. Sci. Total Environ.
2005, 342, 87–106.

(19) ChemRRV. Chemikalien-Risikoreduktions-Verordnung, Verord-
nung zur Reduktion von Risiken beim Umgang mit bestimmten
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