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A B S T R A C T   

Decades of atmospheric and oceanic long-range transport from lower latitudes have resulted in deposition and 
storage of persistent organic pollutants (POPs) in Arctic regions. With increased temperatures, melting glaciers 
and thawing permafrost may serve as a secondary source of these stored POPs to freshwater and marine eco-
systems. Here, we present concentrations and composition of legacy POPs in glacier- and permafrost-influenced 
rivers and coastal waters in the high Arctic Svalbard fjord Kongsfjorden. Targeted contaminants include poly-
chlorinated biphenyls (PCBs), hexachlorobenzene (HCB), dichlorodiphenyltrichloroethanes (DDTs), hexa-
chlorocyclohexanes (HCHs) and chlordane pesticides. Dissolved (defined as fraction filtered through 0.7 μm GF/ 
F filter) and particulate samples were collected from rivers and near-shore fjord stations along a gradient from 
the heavily glaciated inner fjord to the tundra-dominated catchments at the outer fjord. There were no differ-
ences in contaminant concentration or pattern between glacier and tundra-dominated catchments, and the 
general contaminant pattern reflected snow melt with some evidence of pesticides released with glacial melt-
water. Rivers were a small source of chlordane pesticides, DDTs and particulate HCB to the marine system and 
the particle-rich glacial meltwater contained higher concentrations of particle associated contaminants compared 
to the fjord. This study provides rare insight into the role of small Arctic rivers in transporting legacy contam-
inants from thawing catchments to coastal areas. Results indicate that the spring thaw is a source of contami-
nants to Kongsfjorden, and that expected increases in runoff on Svalbard and elsewhere in the Arctic could have 
implications for the contamination of Arctic coastal food-webs.   

1. Introduction 

The adverse effects of persistent organic pollutants (POPs) for 
humans and wildlife have been well documented since they were first 
brought into the public spotlight by Rachel Carson in the 1960’s (Car-
son, 1962). While current international agreements are in place that 
restrict the use of some of these compounds, including polychlorinated 
biphenyls (PCBs), hexachlorobenzene (HCB), dichlorodiphenyltri-
chloroethanes (DDTs), hexachlorocyclohexanes (HCHs) and chlordane 
pesticides (Kaiser et al., 2000; Stockholm Convention, 2013), decades of 
contamination by global industries have resulted in their widespread 

presence in the environment. POPs are persistent and easily mobilized 
by warm temperatures and transported by air and ocean currents. Those 
produced in the Northern Hemisphere typically have a northern tra-
jectory, with a fraction gradually making their way to the Arctic due to 
global wind patterns and atmospheric distillation (Wania and Mackay, 
1993; Simonich et al., 1995). Thus, decades of transport and deposition 
at high latitudes has resulted in stores of these pollutants in Arctic areas 
(Aslam et al., 2019; Garmash et al., 2013; Hermanson et al., 2020), 
where they have remained trapped (Blais et al., 1998; Wania & Mackay, 
1993), and/or have accumulated in Arctic food-webs (Borgå et al., 2001, 
2004; Evenset et al., 2016; Fisk et al., 2001; Hoekstra et al., 2003; Muir 
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& Norstrom, 1994; Ruus et al., 1999). 
While concentrations of these legacy contaminants are steadily 

declining in air and sediments (AMAP, 2011; Evenset et al., 2007; Wong 
et al., 2021), and top predator tissues (Riget et al., 2019), following 
decreased emissions orchestrated by the Stockholm Convention 
(Stockholm Convention, 2013), climate change could potentially alter 
these trends by increasing the importance of secondary sources (Carls-
son et al., 2012; Kallenborn et al., 2012; UNEP/AMAP, 2011; Nizzetto 
et al., 2010; Ma et al., 2011). Current climate warming, which is 
occurring most rapidly in polar regions (IPCC, 2019), and subsequent 
melting of the Arctic cryosphere (Mercier et al., 2021), is leading to 
increased inputs from the terrestrial environment to downstream marine 
ecosystems. In the high-Arctic archipelago Svalbard, melting glaciers 
have led to a 35% increase in annual runoff since 1980 (Adakudlu et al., 
2019). As previously stored contaminants become mobilized, including 
PCBs and pesticides from Svalbard glaciers (Garmash et al., 2013; Her-
manson et al., 2005; Ruggirello et al., 2010), these terrestrial inputs can 
be expected to have implications for the contamination of the coastal 
zone (Macdonald et al., 2005; McGovern et al., 2019; Pouch et al., 2017, 
2018). 

Thus, the objective of this study is to investigate the occurrence and 
composition of legacy POPs in a transect of glacial and tundra melt-
waters draining into Kongsfjorden, on the West Coast of Spitzbergen, 
Svalbard (Fig. 1). Water samples were collected from rivers and fjord 
stations along the fjord gradient with the expectation that meltwater 
samples would represent a source of contaminants to the fjord. The 
contaminant pattern (i.e. the fraction of the different POPs relative to 
the sum of POPs) was expected to shift along the fjord transect from the 
glacier-dominated inner catchments to the tundra-dominated outer fjord 
catchments in accordance with their physicochemical properties. 
Furthermore, due to the tendency for hydrophobic POPs to adsorb to 
particles and organic matter, a higher fraction of the total concentration 
of POPs was expected to be associated with the particulate vs. dissolved 
fraction of the water sampled. 

2. Methods 

2.1. Study area 

Kongsfjorden is located on the western side of Spitsbergen, Svalbard. 
The Kongsfjord drainage basin is roughly 1440 km2, with 80% of it 
covered by glaciers (Pramanik et al., 2020). Kongsfjorden receives 
freshwater inputs from both land and marine-terminating glaciers. The 
land terminating glaciers are positioned mainly on the southern side of 
the fjord, and are drained by several rivers flowing into Kongsfjorden. 
The largest and most well-studied river is Bayelva, which receives runoff 
from the two small land-terminating glaciers Austre and Vestre 
Brøggerbreen. The glaciers positioned on the north side and eastern end 
of the fjord are mostly marine-terminating glaciers including Kongsve-
gen, Kronebreen, Kongsbreen, Conwaybreen, and Blomstrandbreen. 
Kronebreen and Kongsbreen are fed by the icefields Holtedahlfonna and 
Isachsenfonna, which contribute the most freshwater runoff to the fjord 
(Pramanik et al., 2018). Both freshwater inputs and Atlantic water 
inflow from the West Spitsbergen current have strong impacts on fjord 
circulation (Cottier et al., 2005) and biogeochemical conditions (Hal-
bach et al., 2019). While Kongsfjorden was an historically seasonally 
ice-covered fjord, increases in Atlantic water inflow have resulted in ice 
free conditions since 2006 (Pavlova et al., 2019). The fjord is located far 
from most local contaminant sources, but a small research community, 
Ny-Ålesund, is located on the southern side about mid-way between the 
inner and outer fjord. In the wintertime, 30–35 people inhabit the set-
tlement, but during summer the number generally increases to ca. 120. 

2.2. Sample collection 

Fieldwork took place in Kongsfjorden, Svalbard in June 2012. 
Samples were collected from 5 rivers and 4 adjacent fjord stations 
(Fig. 1) along a gradient from a Kongsvegen meltwater stream at the 
heavily glaciated inner fjord (marine-terminating glaciers) to the 
tundra-dominated Kvadehuken. In the fjord, high volume in situ water 
samples were collected using a stainless steel-titanium McLane Water 
Transfer System (McLane, USA), equipped with a 180 μm stainless steel 
pre-filter, as well as a similar sampler made by the University of Oslo. 
Pre-combusted glass fiber filters (GF/F; diameter 293 mm, nominal pore 
size 0.7 μm) were used to collect the particle phase and associated POPs, 
and solvent washed (n-hexane/diethyl ether (9:1)) polyurethane foam 
(PUF) were used for adsorption of POPs present in the dissolved phase. 
At fjord stations, the in situ sampler was deployed on a rig 5 m below the 
surface. 

In the rivers, a similar but non-submersible system was used to 
sample high water volumes. A hose submersed in the river pumped 
water directly through the GF/F filter, and then through the stainless 
steel chamber, where PUFs sampled the dissolved fraction. The water 
was then discharged into a stainless steel bucket, and sampled volume 
determined. Water volumes varied between all stations (64 L–442 L). 
Filter and PUF samples were packed individually in pre-combusted 
aluminum foil, placed in zip-lock bags and stored at − 20 ◦C. A set of 
field blanks (filter and PUF) was collected at each station following the 
same sampling and storage procedures. In addition, salinity and tem-
perature profiles of the water column on fjord stations were collected 
using a conductivity-temperature (CTD) profiler (911 plus probe, Sea- 
Bird; Washington, USA). 

2.3. Chemical analyses 

Water samples were analyzed for 48 compounds including 21 poly-
chlorinated biphenyls (PCBs), 7 dichlorodiphenyltrichloroethanes and 
metabolites (DDTs), 4 hexachlorocyclohexanes (HCHs), 2 chloroben-
zenes including hexachlorobenzene (HCB) and pentachlorobenzene 
(PeCB), and 17 pesticides, including chlordanes (Table S1). All labora-
tory work was conducted at the Norwegian Institute for Air Research’s 

Fig. 1. Map of sampling stations in Kongsfjorden. Shapes indicate station type 
(diamond = Fjord station, circle = River station). Colors correspond to station 
names and the catchment characteristics (glacial (white-blue) vs. tundra 
(green)). This map was made using the PlotSvalbard R package (Vihtakari, 
2019). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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(NILU) laboratory in Kjeller, Norway, and followed the extraction 
method and analysis of Hallanger et al. (2011) with minor changes. 
Prior to extraction, all PUFs and GF/F filters were spiked with the 
appropriate mass-labeled standards of analytes of interest. As a first step, 
the wet PUF samples were extracted with acetone, followed by extrac-
tion with n-hexane/diethylether (9:1). The GF/F filters and the corre-
sponding PUF plugs were extracted separately. Extracts were 
concentrated and cleaned using acid treatment and silica fractionation. 
Before quantitative analysis, 20 μL of unlabelled tetrachloronaphthalene 
(TCN, 100 pg/μL) was added as recovery standard (RS). Identification 
and quantification of the PCBs and pesticides was carried out using a 
high-resolution gas chromatography coupled to a high-resolution mass 
spectrometer as detector (HRGC/HRMS). The analyses were performed 
in Electron Impact ionization mode (EI: PCBs, HCB, HCHs, DDTs) and 
Negative Ion Chemical Ionization mode (NICI: Chlordanes) using 
selected ion monitoring (SIM) for the respective compound groups. 

The analytical method was quality assured through measurements of 
laboratory blanks and standard reference material (1588 b cod liver oil 
from The National Institute of Standards and Technology, Gaithersburg 
MD). The limit of detection (LOD) was defined as 3 times the signal to 
noise ratio for the analyzed matrix or blank value for each sample. The 
LOD was a function of the analytical noise in chromatograms and thus 
varied among samples. LOD ranged from 0.001 pg to 78.3 pg, depending 
on the chemical and sample in question (Table S2). Data was automat-
ically corrected for recovery of the 13C labeled compounds, which 
averaged 76% (range:19–118%) for the PCBs, 71% (range: 24–111%) 
for the DDTs, 44% (range: 0–68%) for HCHs, 31% (range: 11–50%) for 
chlorobenzenes and 68% (range: 31–103%) for the Chlordanes. The 
lowest recoveries were reported for the particulate fractions from the 
GF/F filters (Table S3). Analytical quality is certified by the regular 
participation of the NILU laboratory in round robin trials such as the 
Arctic Monitoring and Assessment Program (AMAP) ring test for POPs in 
plasma, and Quality Assurance of Information on Marine Environmental 
Monitoring in Europe (QUASIMEME). 

2.4. Data analysis 

A total of 34 water samples were analyzed for contaminant con-
centration (sampled volumes were missing for 8 samples) and 42 

samples for composition. Compounds which were below LOD for many 
of the samples (>45%) were excluded from analysis (Table S1). Thus, 
analysis was carried out on the remaining 31 of the 50 targeted com-
pounds within the groups of PCBs, DDTs, HCHs and chlordane pesticides 
(Table S1). Statistical analyses were performed using R version 4.0.2 (R 
Development Core Team, 2020). If field blanks were > LOD, data were 
field blank corrected. For all samples, values below LOD were replaced 
with randomly generated values from 0.5 LOD to LOD (Helsel, 2011). 
Wilcoxon rank sum tests were used to test differences in contaminant 
concentrations between fjord and river samples as well as dissolved and 
particulate fractions. 

3. Results and discussion 

3.1. The thawing terrestrial cryosphere is a secondary source of POPs to 
coastal areas 

Rivers sampled in this study represent a source of organochlorines to 
Kongsfjorden’s coastal waters. Analysis of dissolved and particulate 
samples led to quantification of compounds from all targeted contami-
nant groups, with the mean sum of targeted organochlorines at 42.1 ±
17.9 pg L− 1 (range = 20.5–76.9 pg L− 1) in the dissolved fraction and 
24.5 ± 39.2 pg L− 1 (range = 1.09–107.7 pg L− 1) in the particulate 
fraction. River water dissolved fractions were dominated by HCHs and 
HCB, and the particulate fraction by HCB and PCBs (Fig. 2, Table S4). 

While results indicate that the rivers are a source of contaminants to 
coastal waters, the measured concentrations were generally lower than 
at nearshore fjord stations (ΣOCs; dissolved: 80.3 ± 17.9 (range: 
57.3–108.6 pg L− 1) and particulate: 24.4 ± 39.2 (range: 1.5–4.8 pg L− 1), 
Fig. 2A, Table S4). In particular, PCBs and HCHs were higher in the fjord 
than in the rivers (Fig. 2B and C). At the fjord stations, a fresh surface 
water layer was present during the time of sampling (Figure S1), and 
sampled waters were part of the Intermediate Water Mass (Salinity 
34.0–34.7, Temperature >1.0 ◦C Cottier et al., 2005; Figure S2). 
Therefore, fjord samples do not represent a pure marine Atlantic water 
signal, but rather represent a mix of contaminants transported with 
Atlantic water from the shelf, and contaminants associated with fresh-
water runoff from rivers and glacier front ablation. 

PCB concentrations in Kongsfjorden surface waters were higher than 

Fig. 2. Boxplots with concentrations (pg L− 1) of main 
contaminant groups in dissolved (blue) and particu-
late (brown) fractions of water samples collected from 
river and fjord stations in Kongsfjorden using active 
water samplers. Individual points represent each 
sample replicate. Note that the y-axis varies between 
plots. The fjord had higher dissolved concentrations 
of total organochlorines compared to the rivers 
(Wilcoxon Rank Sum, p-value = 0.0001). In addition, 
the fjord had higher mean concentration of dissolved 
PCB17 and HCH than the rivers (Wilcoxon Rank Sum; 
PCB17: p-value=<0.001; HCH: p-value = 0.003). (For 
interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of 
this article.)   

M. McGovern et al.                                                                                                                                                                                                                             



Environmental Pollution 304 (2022) 119191

4

reported for Atlantic water inflow: In the dissolved phase, PCB7 con-
centrations were 2–3 times higher (13.05 ± 9.96 pg L− 1; range: 
3.21–26.35 pg L− 1) compared to outer Kongsfjorden (ΣPCB7: 3.11–5.99 
pg L− 1; Hallanger et al., 2011), and high compared to the Fram Strait 
(ΣPCB16: 1.3–3.6 pg L− 1; Ma et al., 2018), and the Arctic Ocean 
(ΣPCB12/13: 0.3–2.8 pg L− 1; Carrizo & Gustafsson, 2011; Gioia et al., 
2008). Fjord concentrations (ΣPCB: 7.8–67.8 pg L− 1 for dissolved +
particulate phases) were in the same range or slightly higher than those 
reported from the same area in 2009 (ΣPCB9: 19–29 pg L− 1) in full water 
samples (Papale et al., 2017). While concentrations in Kongsfjorden 
surface waters did not reflect river inputs or Atlantic water inflow, the 
dominance of lower-chlorinated PCB congeners, PCB 52 and 28, could 
indicate that glacial front ablation or direct atmospheric deposition are 
dominating sources of PCBs to the fjord. 

While the rivers had lower total organochlorine concentrations, they 
had higher concentrations of chlordane pesticides, HCB, and DDTs, 
which were higher in both the dissolved and particulate fractions 
compared to fjord samples reported here and in the literature (Fig. 2, 
Table S4; Hallanger et al., 2011). Chlordane pesticides, including cis- 
and trans-chlordane and cis- and trans-nonachlor, were previously used 
as insecticides but have been restricted or banned for decades and were 
officially added to the Stockholm Convention in 2004. These com-
pounds, which are highly volatile, have previously been associated with 
ice covered areas in the European Arctic (Lohman et al., 2009), glacial 
runoff to Greenland fjords (Carlsson et al., 2012), and meltwater in 
Liefdefjorden (Hallanger et al., 2011). 

HCB concentrations were slightly higher in river samples compared 
to the fjord (Fig. 2E), especially in the particulate fraction (which ranged 
from 0.3 to 70.1 pg L− 1). HCB in sediments previously collected from 
Kongsfjorden demonstrated a strong spatial gradient, with the highest 
concentrations close to the glacier fronts (Pouch et al., 2018), indicating 
the importance of glacial inputs on sediment contamination. Our results 
further emphasize the importance of particulates in glacial meltwater as 
a transport pathway for HCB stored in catchment glaciers to enter the 
fjord. However, these results stand in contrast to results from a recent 
study in Isfjorden, Svalbard, where transport of suspended particulate 
matter from glaciated catchments were analyzed for HCB and PCBs. Low 
concentrations in suspended particulate matter resulted in strong dilu-
tion of POPs in coastal sediments, leading to strong spatial gradients in 
sediment concentrations, with increasing concentrations from inner to 
outer fjord stations (Johansen et al., 2021). A similar picture was pre-
sented by Ma et al. (2015), who found that concentrations of many 
legacy POPs showed a decreasing trend from outer to the inner part of 
Kongsfjorden, indicating that a marine signal, possibly the North 
Atlantic Current, could be influencing the distribution of these con-
taminants to the fjord. Meanwhile, concentrations in the fjord water, 
which had HCB concentrations ranging from 4.1 to 11.3 pg L− 1 (mean =
6.6 ± 2.6 pg L− 1) in the dissolved fraction, were similar to those pre-
viously measured in seawater from Kongsfjorden and Liefdefjorden 
(4.9–5.2 pg L− 1, Hallanger et al., 2011), and off the coast of Western 
Spitsbergen (2–8 pg L− 1, Gioia et al., 2008). When considering findings 
by Lohmann et al. (2009), who found increasing concentrations of HCB 
with latitude from Europe to the Arctic, there are indications that release 
of HCB from secondary sources may be occurring at high latitudes where 
volatile HCB is easily transported. 

DDT, which has been associated with glacial melt in other areas of 
the Arctic (Macdonald et al., 2005), was found in similar concentrations 
in river and marine compartments. However, we did find slightly higher 
concentrations in river samples (Fig. 2F), with the highest concentra-
tions in the Inner Fjord glacial river (IG; 3.5 ± 5.0 pg L− 1 (range: 
0.0–7.1 pg L− 1) in both the dissolved (4.2 ± 2.9 pg L− 1) and the par-
ticulate fraction (2.1–6.3 pg L− 1) (Fig. 2, Table S4). 

3.2. Meltwater contaminant composition reflects a mixture of snow-melt 
and glacial-melt water sources 

The composition of contaminant isomers and congeners can be used 
as environmental tracers of contaminant sources in natural ecosystems 
(Hargrave et al., 1988). Here, contaminant composition indicate that 
river water samples collected from Kongsfjorden in June were composed 
of a mix of snowmelt and glacial meltwater. Contaminant composition 
in freshwater run-off undergoes seasonal shifts as the melt season pro-
gresses, with contaminants emerging in accordance with their physi-
cochemical properties (Meyer et al., 2009). Compounds with lower 
octanol-water partition coefficients (KOW), and therefore higher water 
solubility, should rapidly partition into the water phase of the melting 
snowpack, facilitating an earlier release of these compounds into 
freshwater systems (Meyer and Wania, 2008). Likewise, compounds 
with higher KOW and higher affinity for particles, will take longer to 
elute from the snowpack (Garmash et al., 2013). 

We see evidence of different stages in snow-melt in the spatial dif-
ferences in contaminant composition along the river transect (Fig. 3). 
While the present glacier-to-tundra transect in river stations was chosen 
to target differences in catchment glacial coverage, it is likely that the 
differences in contaminant profiles observed are more representative of 
the variation in melt-season progression among the catchments. The 
rivers in the inner part of the fjord were characterized by a higher 
percentage of the lower chlorinated PCBs (PCB-28 and PCB-52), and cis- 
chlordane in their dissolved fraction compared to the outer fjord sta-
tions, suggesting that the melt-season was at an earlier stage (i.e. still 
early snow-melt). Meanwhile, the outer fjord rivers were characterized 
by an increased percentage of the higher-chlorinated PCBs (PCB-138, 
PCB-153 and PCB-180), which is in line with a later stage of the melt 
season when rivers have a higher sediment load characteristics of 
catchment erosion and/or glacial inputs. 

The abundance of PCB-52 in all samples is consistent with the 
dominance of this congener in snow (Hermansson et al., 2020) and 
surface soils and vegetation (Aslam et al., 2019; Bartlett et al., 2019), 
and is perhaps unsurprising in light of indications that PCB-52 is not 
currently declining in air samples collected at the Zeppelin Observatory 
near Kongsvegen (Hung et al., 2016). Thus, the snowmelt period, a time 
when higher concentrations of dissolved organic carbon have been 
observed in Svalbard rivers (McGovern et al., 2020) may facilitate the 
transport of recently deposited PCB-52 and other lighter organochlo-
rines in the dissolved phase to coastal areas where they can accumulate 
in coastal fauna (Skogsberg et al., in review). 

The dominance of snow-melt associated contaminants observed in 
the rivers suggests that meltwater sampled here represents a younger 
source of pollutants, and that the expected legacy contaminants asso-
ciated with glacial runoff were likely only comprising a small percentage 
of the total contaminant load (e.g. HCBs, Chlordane pesticides, DDTs). 
While June is typically the peak of the snowmelt-driven spring freshet, 
previous modelling studies have indicated that snowmelt associated 
runoff from non-glaciated areas only contributes 16% to the total runoff 
from the Kongsfjord drainage basin (Pramanik et al., 2018). Rather, in 
Kongsfjorden, the largest source of freshwater discharge comes from 
Kronebreen, which is equivalent to around 40% of the total freshwater 
flux to the fjord and an order of magnitude greater than the runoff from 
the rivers sampled in this study (Pramanik et al., 2020). Thus, inputs to 
the fjord from these other large glacier fronts remains a potential source 
of contaminants to Kongsfjorden, and other Arctic fjords. 

However, studies have suggested that smaller glaciers, where more 
recent layers of snow and ice contribute to runoff, may be greater 
sources of legacy contaminants deposited in the post-industrial era 
compared to older larger icecaps, where emerging ice may be from 
preindustrial times, and therefore contribute more to dilution of con-
taminants in receiving waters (Johansen et al., 2021, Macdonald et al., 
2005). Additional seasonal sampling of these rivers draining small 
land-terminating glaciers through July and August is required to 
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determine whether a greater fraction of the glacial-bound contaminants 
would eventually be released as the melt season progresses. 

3.3. Low organochlorine concentrations in filtered particulate matter 

Due to the hydrophobic nature of organochlorines, concentrations in 
water are generally low in the dissolved phase, as they have a tendency 
to sorb to particulate matter. Thus, the observed dominance of organ-
ochlorines in the dissolved fraction of both the river and fjord was sur-
prising. Indeed, the ratio of particulate:dissolved concentrations for 
most of the targeted contaminant groups were <1, especially in the fjord 
(Fig. 4). Even the rivers, which tended to have higher suspended sedi-
ment loads, had higher total contaminant concentrations in the dis-
solved vs. particulate fractions (Fig. 2). However, the dissolved fraction 
here is defined by its ability to pass through a 0.7 μm GF/F filter, and 
thus could include compounds that are not truly dissolved, but attached 

to very small suspended particles. Furthermore, the rivers did have 
higher particulate:dissolved ratios for most contaminant groups 
compared to the fjord, and these ratios increased with KOW as expected, 
reaching >1 for the higher chlorinated PCBs 180 and 138 (Fig. 4). 

The sorption of some organochlorines to riverine suspended particles 
and dissolved organic matter has implications for the fate of these 
contaminant groups in the marine environment. At the land-ocean 
interface, sedimentation of suspended sediments and flocculation of 
organic matter can act as removal pathways for contaminants to leave 
the water column, where they can be buried in marine sediments and 
removed from circulation in the environment (Lohmann et al., 2007). In 
contrast, organochlorines remaining in the dissolved fraction or sorbed 
to very small particles have the potential to be transported farther from 
the river outlet, and potentially re-volatilized to the atmosphere or to be 
taken up in the food-web. Thus, higher dissolved concentrations sug-
gests that remobilized contaminants may remain in circulation for long 

Fig. 3. Compositional changes (%; left axis) 
in compounds along the gradient and total 
concentration of quantified contaminants for 
each respective group (pg L− 1; right axis). 
Stations are arranged along the gradient 
from the glacier-dominated Inner Fjord to 
tundra-dominated Kvadehuken; KV=
Kongsvegen stream, IF= Inner Fjord, GA =
Gåsebu, BE=Bayelva, KH=Kvadehuken. 
Compositional data is based on means of 
stations replicates while concentration data 
is shown for all replicates. Compounds 
include (a) PCB7, (b) DDTs, (c) HCHs, (d) 
Chlordane pesticides. NA= No data available 
(DDT and HCH were ruined for some sam-
ples (BE, KH River particulate) and filtered 
volume could not be measured from the KH 
fjord samples, thus the composition can be 
read, but not the concentrations).   

Fig. 4. Ratio of contaminant concentration in each sampled water fraction (particulate: dissolved) for all fjord and river stations vs. the log Kow of each contaminant. 
Individual points in the box plot represent each sample replicate. 
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periods of time, which is concerning when considering exposure to the 
marine food-web. 

3.4. Future perspectives 

Contaminant profiles of Arctic rivers draining glacial and tundra 
catchments into Kongsfjorden were dominated by HCHs, PCBs and HCB, 
and while they only comprised a small fraction of the total contaminant 
load, rivers contained higher concentrations of HCB, chlordane pesti-
cides and DDTs compared to the fjord. These results support findings 
from previous studies suggesting that glacial/snowmelt is a source of 
pesticides to coastal Arctic areas (Carlsson et al., 2012; Hallanger et al., 
2011; Kallenborn et al., 2012, McGovern et al., in review). 

The total discharge from Bayelva in 2012 (June–October) was 29 ×
106 m3 (Zhu et al., 2016). Based on these discharge data, collected from 
hourly-averaged instrumental record (Zhu et al., 2016), and contami-
nant concentrations reported here, uncertain estimations of fluxes 
indicate an annual discharge of 1.43 g organochlorines in the dissolved 
phase in 2012. For PCB17, which constituted a small fraction of the total 
contaminant load in the sampled rivers, the extrapolated annual flux of 
0.11 g (0.06 dissolved and 0.05 particulate) for Bayelva is small 
compared to fluxes from the six Great Arctic Rivers (Ob, Yenisey, Lena, 
Indigirka, Kolyma, and Mackenzie), with estimated ranges of 3.9–184 kg 
PCB13/year (Carrizo and Gustafsson, 2011). This is not surprising, given 
the huge differences in river sizes and discharge. While samples 
collected only in June cannot account for seasonal variability in 
contaminant concentrations and composition, these estimations indicate 
that the contribution of contaminants from glacial rivers to the 
Kongsfjorden system is generally low. Results of this study suggest that 
freshwater inputs from land-terminating glaciers are a small secondary 
source of contaminants, but also highlight the need for higher resolution 
seasonal data from high Arctic catchments. 
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