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Summary

The Grenlandsfjords, a system of five connected fjords in the south of Norway have been severly
contaminated with a range of nonpolar organic contaminants including dioxins and furans (PCDD/Fs),
hexachl orobenzene (HCB) and octachlorostyrene (OCS). An understanding of the movement and
(re)distribution (spatially and with depth) of these contaminants within fjord watersis a prerequisite to
the implementation of possible remedial actionsin the area. To this end, a sampling campaign was
initiated in November 2010 and aiming to provide estimate of suspended particle-associated
contaminant concentrations at two distinct depths for three sampling locations in Eidangerfjord,
Kalven and Frierfjord. High volume water sampling (~ 300 L) and collection of suspended particul ate
matter with a0.7 um GF/F filter was undertaken in situ. Filters were analysed for PCDD/Fs, HCB and
OCS. Water samples were collected at the respective sites to provide supporting physico-chemical
information.

SPM-associated PCDD/F concentrations in water were highest in deep waters of Eidangerfjord. For
Eidangerfjord and Kalven, PCDD/F concentrations were generally higher by afactor of 4-9 in deep
waters than in surface layers. PCDD/F concentrations were similar in the brackish surface layer of
Frierfjord to those from the outer fjord. However SPM-associated HCB and OCS concentrationsin
water were higher than those in the shallow waters from the outer fjord. The difference suggested that
current sourcesin Frierfjorden are more important for transport of HCB and OCS than PCDD/F to the
outer fjords.

A principal component analyses (PCA) for the relative distribution of the 17 PCDD/Fs components
showed close similarity between bottom sediment samples and suspended matter in the deep water in
the outer fjords which would be expected from resuspension and internal sediment cycling in the
outerfjord, rather than sedimentation of particles from external sources. The PCA-analyses may,
however, have been biased by low concentrations of dioxinsin shallow SPM.

This data provide us with an improved overview and increased resol ution on concentration of
PCDD/Fs, HCB and OCS associated with suspended particulate matter in the water column of
Eidangerfjord, Kalven and Frierfjord. These data may in the future be used to refine model predictions
for the fate, distribution, transport of contaminants in the Grenlandsfjord and ultimately affect
exposure of biota.
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Sammendrag

Sedimentprever fra grunne lokaliteter og suspendert materiale (SPM) fra grunne og dype vannmasser
bleinnsamlet i Frierfjorden, Eidangerfjorden, Ormefjorden og Kalven i November 2010 og analysert
for dioksiner og furaner (PCDD/F), heksaklorbensen (HCB) og oktaklorstyren. Undersekelsen var
ledd i arbeidet mot beslutningen om eventuelle tiltak mot forurensingen i sedimenter og biotai
Grenlandsfjordene. En bedre forstaelse av transport og omsetning av miljegifter assossiert med
suspenderte partikler er et viktig element i en slik beslutning. SPM ble innsamlet ved in situ filtrering
av store (ca 300 L) volumer igvann gjennom 0,7 um GF/F filter.

De hgyeste konsentrasjonene av partikkelbundet PCDD/F ble funnet i dypvannet i Eidangerfjorden og
Kalven som inneholdt 4-9 ganger mer enn vann innsamlet i overflatelaget. Brakkvannslaget ytterst i
Frierfjorden (like innenfor terskelen ved Brevik) inneholdt mer HCB og OCS, men ikke vesentlig mer
PCDD/F, enn prevene innsamlet patilsvarende dyp i Kalven og Eidangerfjorden. Dette indikerte at i
forhold til transport av forurensing til det ytre fjordomradet er kilder i Frierfjorden viktigere for HCB
0g OCS enn for PCDD/F.

En mansteranalyse (PCA) for den relative fordelingen av de 17 PCDD/F komponentene analysert i
sediment og SPM pravene, viste stor likhet mellom det suspenderte materialet i dypvannet og
sedimentene fra det ytre fjordomradet. Dette var som forventet dersom det suspenderte material et
primaat var resultat av resuspension og intern omfordeling av sedimenter i det ytre fjordomradet, men
analysen kan ha vaat misvisende pga lave konsentrasjoner av dioksiner i overflatepravene.

Dataene har gitt oss en bedre oversikt og forstéelse av variasjonene av PCDD/F, HCB og OCS i
suspendert materiale i vannmassene i Eidangerfjorden, Kalven og Frierfjorden. Dataene er relevante i
forhold til opptak av miljagifter i organismer eksponert i vannmassene i fjorden og vil kunne bli
benyttet til & forbedre modeller for transport og omsetning av miljegifter i Grenlandsfjordene.
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1. Introduction

The Grenland fjord system (Norway) has been substantially contaminated with PCDD/Fs,
hexachlorobenzene (HCB) and octachlorostyrene (OCS) as aresult of discharges from a magnesium
production plant at Hergyain the Frierfjord from 1951 to 2002. While PCDD/F discharges have been
significantly reduced over the last 25 years, concentrations in the different fjords remain high asa
result of the high hydrophobicity and low biodegradation potential of PCDD/Fs. These high
concentrations together with recommendations against the consumption of local fish/shellfish imply
that some form of remediation may be necessary [1, 2]. This, however, can only be undertaken with a
clear understanding of factors controlling PCDD/F fate in this fjord system and those affecting
PCDD/F availability to organismsin water and sediments [3-7]. The movement and re-distribution of
these hydrophobic contaminants in the fjord system is linked to the movement and settling of
suspended particles. Until now, limited data on the concentrations of PCDD/Fs, HCB and OCS
associated with suspended particulate matter (SPM) and on their distribution across the water column
are available [5, 8]. The distribution and levels of contaminants at different depthsin the water column
in the fjords has also received limited attention. With freshwater input to Frierfjord, outflowing surface
waters will have alower salinity and suspended particles that differ (in amount and in source) from
those in deeper layers of water in the fjord.

This project therefore aims to provide concentrations of contaminants associated with suspended
particulate matter in three areas of the Grenlandsfjord, namely Frierfjord, Eidangerfjord and Kalven.
Objectives included (i) the measurement of PCDD/Fs, HCB and OCS associated with SPM sampled
using high volume water sampling [9, 10], (ii) the measurement of these concentrations at two distinct
depths in water to assess differences that may exist for waters at different depths. For Eidangerfjord
and Kalven, sampling at depth was undertaken relatively close to the seabed, while for Frierfjord
“deep” samples were collected further up in the water column. These parameters are relatively
important for the estimation of particle-associated flow of contaminantsin the fjord system.

2. Material and methods

2.1 Study site description and high volume water sampling

A total of five connected fjords (see Figure 1) constitute the Grenland fjord system in the south of
Norway (59°05' N, 9° 38" E). The innermost fjord, Frierfjord, has been the subject of significant
PCDD/F contamination due to discharge from a magnesium production plant at Hergya. While
emissions spanned atotal of 50 years, a significant reduction in discharges occurred over the last 25
years of activity of the plant. Despite this, PCDD/F concentrations remain high in the fjord system.
The map presented in Figure 1, shows the sites selected for sampling of suspended particul ate material
and those for the bed sediment sampling campaign (shallow areas also included in thiswork). As
shown on the map (Figure 1), Site GFDO1, FA S3 and GY 08 were situated in Frierfjord, Eidangerfjord
and Kalven, respectively.
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Figure 1. Map of the Grenlandsfjord area with high volume water sampling stations (blue dots)
and bed sediment samples collected in shallow ar eas (brown dots)

A picture of the custom-made high volume water sampler used in this study is presented on Figure 2.
Water isfiltered through afilter placed onto the filter holder on top of the instrument. The water then
passes through a chamber where it is possible to place a sorbent for extraction of dissolved
contaminants. The water is then drawn through the battery-driven pump and the flowmeter for
accurate measurement of the volume of water sampled.
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Figure 2. The high volume water sampler with afilter holder accepting 30 cm-diameter filter, a
pump and flowmeter. A transducer was fastened to therig for accurate measurement of depth.

Thetable below (Table 1) summarises some of the sampling data. This includes the dates samples
were taken on, the coordinates of each of the three sites, the total depth of water at each of the sites
and finally the total volumes of water sampled for each sampling event. Most samples were close to
300 L of water extracted, except for the GFD01 sample for which only 250 L of water were sampled.

Table 1. Sampling site identification (with coordinates and water depth), date of sampling and
volume of water sampled with the high volume water sampler.

Site ID Date Coordinates Depth(m)  Volume sampled
Lattitude Longitude L)

FA S3 Shalow-5m 04.11.2010 59.07848 9.70780 96 297

FA S3 Deep-89m 04.11.2010 297

GY 08 Shallow-5m 05.11.2010 59.03595 9.76282 57 298

GY 08 Deep-50m 05.11.2010 279

GFDO1 Shallow-4m 10.11.2010 59.06295 9.64853 43 247

GFDO1 Degp-7m 10.11.2010 298

High volume water sampling was undertaken with a custom-made automatic sampler and filters with a
nominal pore size of 0.7 um were used to collect suspended particles during pumping of
approximately 300 L of water over atime period of approximately 2 hours. Filters were prebaked at
550 °C and packed in clean aluminium foil to ensure that blanks presented minimal levels of
PCDD/Fs. Sampling was undertaken at three sites in the Grenlandsfjord and at two depths for each of
these sites (See Table 1). Thefirst site (FA S3) is situated in Eidangerfjord and sampling depths were
7 m above the seabed for FA S3 Deep sample and 5 m below the surface for the “shallow” sample.
The second site (GY 08) in Kalven was sampled on the following day and the sampler was set 7 m
above the seabed and 5 m below the surface for “deep” and “shallow”, respectively. Thefinal sitein
Frierfjord (GFD 01) was sampled the following week and the “shallow” sample was collect from 4 m
below the surface, while the “deep” sample was 7 m below the surface in order to sample incoming
water to the fjord. Prior to setting up the high volume water sampler, CTD profiles were obtained to
establish depths of sampling for each of the stations.

Profiles of temperature and salinity (conductivity) were obtained for each of the three sites and are
presented in Figure 3. In Eidangefjord (FA S3), athermocline is shown to present at approximately 60
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m depth, while the salinity increases from 29 for surface waters to 34.5 at depth. In Frierfjord
(GFDO01) aclear drop in both temperature (6 °C) and salinity (7) can be seen for the layer of water 2-3
m below the surface, as aresult of the freshwater input from the Skienselva. Below 3 m, a steep
increase in salinity can be observed. The salinity plateaus at approximately 30-33. A step can be seen
in the temperature profile 5 and 13 m below the surface and indicate a water mass moving into
Frierfjord over the sill at Brevik. Finally profiles of temperature and salinity with depth for Kalven
(GY08) appear very similar to those obtained in Eidangerfjord with arise in salinity from 29 at the

surface to 34 approximately 30 m below the surface. At 30 m depth, the temperature drops sharpely by
about 4 °C.
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Figure 3. Temperature (°C) (green line) and salinity (red dashed line) profilesfor the three high

volumewater sampling stationsin Eidangerfjord (FA S3), Frierfjord (GFDO01) and Kalven
(GY08), respectively.

2.2 Analysis of water samplesfor additional parameters

Water samples were collected at the same sites as those obtained for high volume water sampling and
this sampling was conducted either close to the start of the high volume water sampling period or
close to the end. A total of six water samples were collected at the same depths as that used for high
volume water sampling and aimed to supplement information obtained by high volume water
sampling. Samples were collected for further determination of total suspended particul ate matter
content of the water, total and dissolved organic content, salinity and for chlorophyll a analysis. A
range of suitable plastic and glass bottle provided by the laboratory at NIV A was used. Sample
analysis was conducted at NIV A’s laboratory following standard procedures.

2.3 Analysisfor PCDD/Fs, HCB and OCS

Glassfibrefilters (0.7 pm) were baked in a muffle furnace to remove potential organic contaminants
and packed in clean (baked) aluminium foil. Filters were kept in aluminium foil until use. Clean

10
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gloves and solvent rinsed twisers were used to place the filter onto the instrument. Once sampling
completed, filters were retrieved, carefully folded and placed in clean aluminium foil. Sotrage was in
the freezer at -20 °C until extraction and analysis. Extraction and analysis was undertaken at Umea
University (Sweden) following accredited protocols (Appendix B). A picture of the filters following
sampling is presented in Figure 4.

Figure4. Large dieter (30 cm) filterswith a pore size of 0.7 pm following high volume
filtration at FA S3 Deep and Shallow (1 and 2), GY 08 Deep and Shallow (3 and 4) and GFD1
Deep (5). Note that one pictureis missing from the last site.

11
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3. Results and discussion

3.1 Supporting measurement of main parameters

Water samples collected either at the start or the end of the high volume water sampling were analysed
for anumber of parameters and these are reported in the table below (Table 2). Levels of suspended
particul ate matter were in arelatively narrow range and varied between 1.5 and 2.7 mg L™ depending
on the sites and the depth. A SPM level for the sample of surface water from Eidangerfjord higher
than that collected deeper in the water column is suprising considering the colour of the filters
following high volume water filtration (See Figure 4). Levels of organic matter, organic carbon and
SPM varied in arelatively narrow range. Levels of chlorophyll a in the samples were in agreement
with sampling depth, with consistently higher concentrations for samples taken from the surface.
Levels measured in samples from the Frierfjord were higher than those from Eidangerfjord or Kalven.
The salinity measured in samples from Eidangerfjord and Kalven were consistent with profiles
measured with the CTD probe (Figure 3). Both samples from Frierfjord had surprisingly high salinity,
particularly when compared with CTD profiles.

Table 2. M easurement of suspended particulate matter (SPM), organic matter content (OM),
total and dissolved organic carbon content, chlorophyll a and salinity.

SiteID Depth sPm?t OM?  NPOC/DC® NPOC/DCm*  Chlorophyll a
(m  (mgL") (mgL") (mgCLY)  (mgCL™ (ng L™ Salinity

Eidangerfjord 5 2.7 0.8 17 2.8 0.39 28.6
Eidangerfjord 90 1.8 1.7 1.0 1.2 <0.31 34.4
Kalven 5 1.9 1.0 15 1.7 0.45 29.3
Kalven 40 2.8 1.3 11 1.0 <0.31 334
Frierfjord 4 21 1.0 1.8 21 0.97 27.4
Frierfjord 8 15 05 1.8 1.8 0.69 27.6

Suspended particul ate matter concentration
%Organic matter content

®Dissolved organic carbon

“Total organic carbon

3.2 PCDD/F concentrationsin the suspended particulate phase

Results from the extraction and analysis of filters for PCDD/Fs, HCB and OCS following high volume
water sampling in Eidangerfjord, Kalven and Frierfjord are presented in Tables 3, 4 and 5,
respectively. Concentrations are given in amount of compounds associated with suspended particul ate
matter per volume of water. In addition, PCDD/F toxicity equivalents (TEQs) calculated using the
WHO 495 guidelines are also provided. Concentrations range from below limits of detectionsto 29 pg
L"* for OCDF for the sample from Eidangerfjord (FA S3 Deep; see Table 3). SPM-associated PCDD/F
concentrations measured close to the seabed in Eidangerfjord are generally higher than those measured
during the fieldwork campaign in June 2008 by afactor of 3 [10] before any trawling took placein the
fjord. However, concentrations measured here also remain a factor of 5-10 below those obtained
during measurements made in a benthic trawler-generated plume of re-suspended sediments [10]. It
may be that benthic trawling had been conducted relatively recently and we were able to detect traces
from such activity. Concentrations of PCDD/Fs measured in Kalven are generally in agreement with
those from Eidangerfjord. The levels measured just above the seabed at the two locations are very
similar while samples taken from closer to the surface also show good agreement (Tables 3 and 4).
Concentrations measured in both samples from the Frierfjord are very similar to values reported
previously for high volume filtration undertaken at very similar depths near Brevik sill [8].

12
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Concentrations measured previously were in the range 0.07-5.4 pg L™ and 0.004-0.9 pg L™ for furans
and dioxins, respectively. Estimates of the total transport of SPM-associated contaminants with the
Skien River (Skienselva) into the outer fjord were cal culated from the sample collected in surface
waters from Frierfjord and are given in Table 5. Total fluxes of PCDD, PCDFs and HCB to the outer
fjord and OCS were 3.9, 64, 257, 29 g year™, respectively. This flux expressed in TEQ was in the
range 1.8-2.1 g TEQ year™ (Table 5).

Table 3. Concentration of PCDD/Fs, HCB and OCS associated with suspended particulate
matter at Site FA S3 (Eidangerfjord) sampled in shallow and deep water. PCDD/F toxicity
equivalent are also provided.

Contaminant ID SPM-associated concentration (pg L™ dry weight)
FA S3 Deep* FA S3 Shallow*
2,3,7,8-TCDD <0.03 <0.002
1,2,3,7,8-PeCDD <0.06 <0.004
1,2,3,4,7,8-HxCDD 0.064 <0.02
1,2,3,6,7,8-HxCDD 0.093 <0.02
1,2,3,7,8,9-HxCDD 0.085 <0.03
1,2,3,4,6,7,8-HpCDD 0.85 0.11
OCDD 25 0.30
2,3,7,8-TCDF 0.35 0.094
1,2,3,7,8/1,2,3,4,8-PeCDF 0.72 0.14
2,3,4,7,8-PeCDF 0.42 0.07
1,2,3,4,7,8/9-HXCDF 17 0.33
1,2,3,6,7,8-HXCDF 0.94 0.19
1,2,3,7,8,9-HXCDF 0.44 *x
2,3,4,6,7,8-HXCDF 0.67 0.09
1,2,3,4,6,7,8-HpCDF 46 0.76
1,2,3,4,7,8,9-HpCDF 20 0.37
OCDF 29 3.64
HCB 1.2 0.30
OCSs 0.26 0.21
TEQumax (pg TEQ L)*** 0.84 0.13
TEQuin (pg TEQ L)*** 0.75 0.12

* See methods and text for further description of depths sampled

**Limit of detection/contaminant concentration per filter similar or below value for the blank filter

***Min/max values based on whether data below limits of detection is given avalue = 0 or the limit of detection
and toxicity eguivalent factors TEF from WHO g

Table 4. Concentration of PCDD/Fs, HCB and OCS associated with suspended particulate
matter at Site GY 08 (Kalven) sampled in shallow and deep water. PCDD/F toxicity equivalent
arealso provided.

Contaminant ID SPM-associated concentration (pg L™ dry weight)
GY 08 Deep* GY 08 Shallow*
2,3,7,8-TCDD o o
1,2,3,7,8-PeCDD 0.016 o
1,2,3,4,7,8-HxCDD 0.036 >
1,2,3,6,7,8-HxCDD 0.056 <0.002
1,2,3,7,8,9-HxCDD 0.062 <0.02
1,2,3,4,6,7,8-HpCDD 0.47 0.075
OCDD 1.0 0.20
2,3,7,8-TCDF 0.19 0.026
1,2,3,7,8/1,2,3,4,8-PeCDF 0.37 0.059
2,3,4,7,8-PeCDF 0.28 0.031
1,2,3,4,7,8/9-HXCDF 12 0.18
1,2,3,6,7,8-HXCDF 0.61 0.094

13
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1,2,3,7,8,9-HXCDF 0.20 **
2,3,4,6,7,8-HXCDF 0.32 0.037
1,2,3,4,6,7,8-HpCDF 35 0.49
1,2,3,4,7,8,9-HpCDF 12 0.17
OCDF 14 2.2
HCB 14 3.0
OCS 0.93 0.26
TEQmax (pg TEQ LH)*** 0.51 0.07
TEQuin (pg TEQ L7Y)*** 0.49 0.06

* See methods and text for further description of depths sampled

**imit of detection/contaminant concentration per filter similar or below value for the blank filter

***Min/max values based on whether data below limits of detection is given avalue = 0 or the limit of detection
and toxicity eguivalent factors TEF from WHO g8

Table 5. Concentration of PCDD/Fs, HCB and OCS associated with suspended particulate
matter at Site GFD 01 (Frierfjord) sampled in shallow and deep water and resulting estimated
SPM -associated contaminant flux for the Skienselva. For comparison, some high volume
sampling data from Ref. [8] isalso given. PCDD/F toxicity equivalent are also provided.

Contaminant ID SPM-associated concentration SPM-associated  Flux of SPM-
(pg L™ dry weight) concentration associated
(pg L dry contaminants
weight) from (g yeart)x**x
Ref [8 *kk
GFD 01 GFD 01 Shallow*
Deep*
2,3,7,8-TCDD <0.07 ** 0.005 <0.1
1,2,3,7,8-PeCDD <0.06 *x 0.021 <0.2
1,2,3,4,7,8-HxCDD <0.06 ** 0.027 <0.2
1,2,3,6,7,8-HxCDD <0.07 0.006 0.031 0.05
1,2,3,7,8,9-HxCDD <0.08 <0.02 0.035 <0.1
1,2,3,4,6,7,8-HpCDD 0.21 0.14 0.26 12
OCDD 0.40 0.29 0.90 25
2,3,7,8-TCDF <0.09 0.10 0.18 0.9
1,2,3,7,8/1,2,3,4,8-PeCDF 0.20 0.18 0.30 15
2,3,4,7,8-PeCDF 0.11 0.12 0.08 1.0
1,2,3,4,7,8/9-HXCDF 0.60 0.44 0.60 38
1,2,3,6,7,8-HXCDF 0.34 0.25 0.30 2.2
1,2,3,7,8,9-HXCDF 0.030 <0.2 0.083 2.7
2,3,4,6,7,8-HXCDF 0.15 0.097 0.30 0.8
1,2,3,4,6,7,8-HpCDF 14 11 14 9.6
1,2,3,4,7,8,9-HpCDF 0.67 041 0.50 35
OCDF 7.3 4.4 54 37.6
HCB 15 30 - 257
OCS 1.2 3.3 - 29
TEQmax (pg TEQ L )**#x* 0.36 0.24 21
TEQmin (pg TEQ L Y)x**x* 0.21 0.17 18

*See methods and text for further description of depths sampled

**imit of detection/contaminant concentration per filter similar or below value for the blank filter

***Erom Ref [8]; sampling at 3 m depth

****Based on an average flow of 270 m® s* for the skienselvariver

**xx% Min/max values based on whether data below limits of detection is given avalue = 0 or the limit of detection and toxicity
equivalent factors TEF from WHO 995

As shown on Figure 5, SPM-associated contaminant concentrations tend to be highest in samples
collected closer to the seabed. PCDD/F concentrations were found to be highest for the sample
collected closer to the seabed in Eidangerfjord. Slightly lower concentrations were measured at depth
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in Kalven. PCDD/F concentrations for both sampling depths in the overlying water of Frierfjord were
very similar and lower than those found at depth in Kalven. Lowest PCDD/F concentrations were
measured for surface waters of Kalven. For HCB and OCS however, SPM-associated concentrations
were found highest for the most surfacial waters of Frierfjord. These were higher than those measured
close to the seabed in Eidangerfjord and Kalven.
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Figure 5. Concentrations of SPM-associated PCDD/F, HCB and OCS measured in deep (black
symbols) and shallow/sur face water s (white symbols) in Eidangerfjord, Kalven (Or mefjord) and
Frierfjord. Lineslinking congenersfor each sample have no scientific meaning; they are plotted
for visual impression only.

Ratios of contaminant concentrations measured in deep waters over those obtained in shallow areas for
Eidangerfjord, Kalven and Frierfjord are presented on Figure 6. These ratios indicate that for
Eidangerfjord and Kalven, SPM-associated contaminant concentrations in deep waters were between a
factor of 4 and 9 higher than those measured in shallow/surface waters (Figure 6). Ratios obtained for
samples collected from Frierfjord are generally closeto or slightly above 1 for PCDD/Fs. However
these ratios are below 1 for HCB and OCS (0.49 and 0.35 for HCB and OCS, respectively). If as
assumed, high volume water sampling at depth was undertaken in the water layer moving upstream in
the fjord, this would suggest for that particular site that thereis aflux of SPM-associated HCB and
OCSsfrom Frierfjord to Eidangerfjord and concentrationsin incoming waters are slightly lower. The
more marginal difference for PCDD/F suggest comparatively lower outflow of dioxins. It is possible
that the less hydrophobic compounds (HCB and OCS) are more mobile and able to be remobilised
from point sources and shallow sediments.
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Figure 6. Ratios of SPM -associated PCDD/F, HCB and OCS measured in deep waters over those
measur ed in shallow/surface watersin Eidangerfjord, Kalven and Frierfjord.

Concentrations of SPM-associated PCDD/Fs, HCB and OCS were a so converted into concentrations
based on masses of suspended particulate matter (pg g™ dry weight SPM) measured in bottle samples
collected aongside high volume water sampling (Table 2). These data are provided in Tables Al, A2
and A3in Appendix A.

3.3 PCDD/Fs, HCB, OCS and metal concentrationsin bed sedimentsfrom
six shallow areas

The concentration of PCDD/Fs, HCB and OCS in bed sediment from six sampling stations in shallow
areasis presented in the Table below (Table 6). This table also include the total organic carbon content
of each of the sediment samples and the fraction of particles < 63 um.

Table 6. Concentrations of PCDD/Fs, HCB, OCSin bed sediments at sampling stations FSS1-6.
Total organic carbon content (TOC) and % particle < 63 pm are also given. PCDD/F toxicity
equivalent are also given.

Bed sediment concentration (pg g™ dry weight)
FSS1 FSs2 FSS3 FS+4 FSS5 FSS6

TOC (mg Cg?) 9.3 29.8 18 5.7 72 418
% particles < 63 um 25 83 2 34 57 %5

2,3,7,8-TCDD 17 6.7 0.44 2.0 12 49

1,2,3,7,8-PeCDD 8.6 33 2.2 10 6.0 220
1,2,3,4,7,8-HxCDD 13 45 3.2 13 7.8 310
1,2,3,6,7,8-HxCDD 17 67 47 20 11 470
1,2,3,7,8,9-HXCDD 15 59 37 17 11 400
1,2,3,4,6,7,8-HpCDD 120 430 31 130 81 2600
OCDD 320 870 80 310 220 5100
2,3,7,8-TCDF 48 190 13 60 34 1600
1,2,3,7,8/1,2,3,4,8-PeCDF 81 380 23 120 65 2300
2,3,4,7,8-PeCDF 36 240 17 77 44 2000
1,2,3,4,7,8/9-HXCDF 270 1000 72 320 180 7400
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1,2,3,6,7,8-HXCDF 140 570 31 170 100 4400
1,2,3,7,8,9-HXCDF 69 270 18 84 43 2200
2,3,4,6,7,8-HXCDF 82 290 22 89 54 2100
1,2,3,4,6,7,8-HpCDF 860 2900 220 890 540 11000
1,2,3,4,7,8,9-HpCDF 280 970 70 320 180 8000
OCDF 3300 11000 880 3600 2300 59000
HCB 3700 9800 880 3500 2000 97000
ocs 210 490 41 200 100 11000
TEQ (pg TEQ gh)* 111 472 32 148 85 3494

*Toxicity equivalent factors TEF from WHO g5

The concentrations of cadmium (Cd), copper (Cu), mercury (Hg), lead (Pb) and zinc (Zn) are
presented in Table 7.

Table 7. Concentrations of Cd, Cu, Hg, Pb and Zn in bed sediments from stations FSS1 to FSS6.
Bed sediment concentration (ug g™ dry weight)
FSS1 FSs2 FSS3 FSA  FSS5 FSS6

Cd <0.2 0.3 <0.2 <0.2 <0.2 <0.2
Cu 8.39 251 14.8 5.8 6.29 38.1
Hg 0.16 0.8 0.039 017 0.14 1.95
Pb 21 49.5 7.1 14 12 118
Zn 51.9 104 19 32 31 187

3.4 Principal component analyses

A principle component analysis (PCA) for PCDD/Fs in shallow sediments (Table 6) and suspended
matter (table 3-5) was performed using the multivariate platform in IMP® 9.0.0 statistical software
from SAS Ingtitute Inc. The relative (%) congener distribution of the 17 components shown in Table
3-6 was used for the analyses. 50% of the detection limit was assigned for component concentrations
lower than detection limit.

The results (Figure 7) showed that the sediment samples from the outer fjords (FSS1-5) and the two
deep samples of suspended matter in Kalven (GY 08) and Eidangerfjorden (FAS3) grouped close to
origo (small scores for both PCA1 and PCA2). The sediment sample from Frierfjorden (FSS6 = red,
filled circlein fig. 7a) scored close to zero for PCA2, but was separated from the other sediment
samples by a positive score for PCA1. The four samples for suspended matter in shallow (<10m
depth) water were all characterised by scores that differed from zero for PCA2.

The loadings plot in Figure 7b show that the PCA 1 tend to score positively for hepta- and negative for
octa -components (both dioxins and furans). PCA2 tend to score positively for tetra-, penta- and hexa-
dioxins and negatively for the corresponding furans.

The PCA analyses should not be over-interpreted, but it appears interesting that the PCDD/F pattern in
suspended particles in the deep waters of Kalven and Eidangerfjorden was more similar to the pattern
in shallow sediments in the outer fjords than they were to the particlesin the brackish layer in
Frierfjorden near the Brevik sill. Thiswould be expected if the suspended particles in the deep water
result primarily from internal cycling of sedimentsin the outer fjord rather than from recent input from
the Frierfjord. Unfortunately, tetra-, penta- and hexa-dioxins were frequently below detection limitsin
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the SPM-samples from shallow waters and this may have affected the differentiation of the stations
aong PCA2.
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Fig.7. PCA plot for therelative distribution of PCDD/F componentsin six samples of sediment
(circles) and suspended matter (squares) collected in november 2010. a) Score plot showsthe
score of PCALl and PCA2 for thedistribution pattern at each station. Open symbols represent
samplesfrom outer fjords (Eidangerfjorden, Kalven and Or mefjorden). Filled symbols
represent samplesfrom Frierfjorden near Brevik. The two black squares near the sediment
samples and plot origo represent suspended matter collected near the bottom of Eidangerfjord
and Kalven, respectively. (Seetext for further details). b) L oadings plot indicates the magnitude
and direction of contribution from each of the seventeen components.
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4. Conclusions

The Grenlandsfjords, a system of five connected fjords in the south of Norway have been severly
contaminated with arange of nonpolar organic contaminants including dioxins and furans (PCDD/Fs),
hexachlorobenzene (HCB) and octachlorostyrene (OCS). An understanding of the movement and
(re)distribution (spatially and with depth) of these contaminants within fjord watersis a prerequisite to
the implementation of possible remedial actionsin the area. To this end, a sampling campaign was
initiated in November 2010 and aiming to provide estimate of suspended particle-associated
contaminant concentrations at two distinct depths for three sampling locations in Eidangerfjord,
Kalven and Frierfjord. For Eidangerfjord and Kalven, sampling at depth was undertaken relatively
close to the seabed, while for Frierfjord “deep” samples were collected further up in the water column.
High volume water sampling (~ 300L) and collection of suspended particulate matter with a0.7 um
GF/F filter was undertaken in situ. Filters were analysed for PCDD/Fs, HCB and OCS. Water samples
were collected at the respective sites to provide supporting physico-chemical information. Conclusions
of thiswork are:

= SPM-associated PCDD/F concentrations in water were found to be highest in deep waters of
Eidangerfjord.

= For Eidangerfjord and Kalven, PCDD/F concentrations were generally higher by afactor of 4-
9 in deep waters than in surface layers of water.

o PCDD/F concentrations were similar in surface (water from the skienselvawith arelatively
low salinity, although this was not shown by the bottle sample) and deeper surface waters of
Frierfjord.

o SPM-associated HCB and OCS concentrations in water were higher the surface layer than in
the deeper overlying water in Frierfjord.

s Thedataindicated that the Frierfjord presently is a stronger source for |ess hydrophobic HCB
and OCS than for PCDD/Fs. If active industrial process sources have been reduced to a
negligible level, diffuse and point sources based on contamination present in soils and shallow
sediments are the most likely to be the current source upstream Breivik.

= Therelatively high concentrations in the deep water in Kalven and Eidangerfjorden indicates
that suspended particles still represent a significant risk for contamination of organisms living
at or in the deep bottoms of the outer fjords.

s Thesimilarity of the PDD/F patternsin the SPM in deep water and shallow sediment samples
was consistent with resuspension and internal sediment cycling in Eidangerfjorden and Kalven
rather than new input from external sources.

This data provide us with an improved overview and increased resol ution on concentration of
PCDD/Fs, HCB and OCS associated with suspended particul ate matter in the water column of
Eidangerfjord, Kalven and Frierfjord. These data may in the future be used to refine model predictions
for the fate, distribution, transport of contaminants in the Grenlandsfjord and ultimately affect
exposure of biota.
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Appendix A.

Table Al. Concentration of PCDD/Fs, HCB and OCS associated with suspended particul ate matter at
Site FA S3 (Eidangerfjord) sampled in shallow and deep water

Contaminant ID SPM-associated concentration (pg g dry weight)
FA S3 Deep* FA S3 Shallow*
2,3,7,8-TCDD <24 <6
1,2,3,7,8-PeCDD <43 <9
1,2,3,4,7,8-HxCDD 47 <12
1,2,3,6,7,8-HxCDD 62 <11
1,2,3,7,8,9-HxCDD 52 <12
1,2,3,4,6,7,8-HpCDD 472 40
OCDD 1384 112
2,3,7,8-TCDF 206 41
1,2,3,7,8/1,2,3,4,8-PeCDF 412 59
2,3,4,7,8-PeCDF 243 34
1,2,3,4,7,8/9-HXCDF 954 137
1,2,3,6,7,8-HXCDF 542 84
1,2,3,7,8,9-HxCDF 318 45
2,3,4,6,7,8-HXCDF 393 47
1,2,3,4,6,7,8-HpCDF 2572 281
1,2,3,4,7,8,9-HpCDF 1122 137
OCDF 16049 1347
HCB 655 112
0oCs 143 77

* See methods and text for further description of depths sampled

Table A2. Concentration of PCDD/Fs, HCB and OCS associated with suspended particul ate matter at
Site GY 08 (Kalven) sampled in shallow and deep water

Contaminant ID SPM-associated concentration (pg g dry weight)
GY 08 Deep* GY 08 Shallow*
2,3,7,8-TCDD <6 <9
1,2,3,7,8-PeCDD 14 <14
1,2,3,4,7,8-HxCDD 20 <11
1,2,3,6,7,8-HxCDD 27 <10
1,2,3,7,8,9-HxCDD 26 <11
1,2,3,4,6,7,8-HpCDD 169 39
OCDD 371 104
2,3,7,8-TCDF 73 23
1,2,3,7,8/1,2,3,4,8-PeCDF 141 42
2,3,4,7,8-PeCDF 109 28
1,2,3,4,7,8/9-HxCDF 435 113
1,2,3,6,7,8-HXCDF 230 67
1,2,3,7,8,9-HXCDF 122 <39
2,3,4,6,7,8-HxCDF 128 39
1,2,3,4,6,7,8-HpCDF 1248 256
1,2,3,4,7,8,9-HpCDF 422 90
OCDF 4839 1148
HCB 5120 1590
oCs 331 137

* See methods and text for further description of depths sampled
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Table A3. Concentration of PCDD/Fs, HCB and OCS associated with suspended particul ate matter at
Site GFD 01 (Frierfjord) sampled in shallow and deep water

Contaminant ID SPM-associated concentration (pg g dry weight)
GFD 01 Deep* GFD 01 Shallow*
2,3,7,8-TCDD <54 <7
1,2,3,7,8-PeCDD <51 <8
1,2,3,4,7,8-HxCDD <51 <10
1,2,3,6,7,8-HxCDD <54 13
1,2,3,7,8,9-HxCDD <56 <11
1,2,3,4,6,7,8-HpCDD 142 68
OCDD 268 139
2,3,7,8-TCDF <72 58
1,2,3,7,8/1,2,3,4,8-PeCDF 145 98
2,3,4,7,8-PeCDF 87 67
1,2,3,4,7,8/9-HxCDF 425 231
1,2,3,6,7,8-HXCDF 246 139
1,2,3,7,8,9-HXCDF 110 <148
2,3,4,6,7,8-HxCDF 123 67
1,2,3,4,6,7,8-HpCDF 906 530
1,2,3,4,7,8,9-HpCDF 447 193
OCDF 4877 2082
HCB 9843 14266
OCs 780 1578

* See methods and text for further description of depths sampled
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HMetodbesloTming

Anvanda npparbetningsmetoder ar val validerade genom ett flertal internationella
inter-kalibreringar och GC-15 analyserna wifdrs enligt Svensk standard 55-EM
1948:4-3. De genomitirda analyserna uppdyller iven loralitetskraven for anabys av
dioriner och dioxinlika PCE, EU-direktiv 2002,/60,EC, som publicerades i EUs
officiella tidskrift (Official journal of the European Communities) den 30 juli 2o002.
En sammanfatming av analysmetodemna foljer nedan.

Extraltion och fettvilashestimming

Fiire extraltionen tillsattes internstandard bestiende av “C-anrikade isotoper av
merparten av de amnen (kongener) som skall bestimmas. Proven extraberades med
organiska lsningsmedel. Lisningsmedlet avligsnades genom indunstning och
mangden fett bestimdes genom vazning.

Upprening

Uppreningen av polyklorerade dibenso-p-dicciner (PCDDY), polyklorerade
dibensgfuraner (PCOF), hexaklorbensen (HCE) och nktakhrstl'ren (0CS) wtitrdes
med tva valsl:ah:-mat-:rg:mﬁknlmnu en flerskilrzholonn bestaende av kiselgel,
svavelsyTa- och kalinmhydroctdimpragnerad kiselgel samt en holonn med aktivt kol
P den sistnammda separeras provet i ta fraltioner innehallande 1) OCS, 2) PCODYF
och HCE. Innan den shrtliga analysen tillsattes ytterligare “C-kongener, sk

aterfmnimgsstandarder.
Analys

Isomerspecifik analys har shett med gaskromatografi (GC) kopplat till
masspelirometri (M5). Separationen av imnena sker pi GCn och deteltionen med
Vid M5-apnalysen detekterades amnen med olika masstal salektivt
vilket majliggjorde uinytijandet av syntetiska SC-isotopanrikade Imnen (13-
kongener) vilka anvindes som interna standarder med sa kallad
isotoputspidning=metodik. Harvidlag jimfirdes responskvoten mellan natarliga
kongener och '*C—kmgmm’ﬂ med motsvarande kvoti en
kvantifieringsstandard inm de kinda mingder av naturliga och tillsatta -
kongener. Detta forfarands medforde att resnltaten automatiskt blev hompenserade
for upparbeming=foriaster. En M3 (Waters Antospec Ultima) med hig
massupplisning (~io0000) har anvints. Den anvinde elekironstdtjonisaring (EI) dir
sedan utvalda joner regisiterades (SIER).
Foncentrationsbestimningen har wtfirts enligt ovan nimnda norm, S5-EN 1948:3
och dterfirningseraden av de internstandarder (15) som tillsatts proven berikmas och

nttrycks i procent v ursprungli mangd

Har en kongen & kan detekteras riknas detektionsgrinsen ot (LOD — limit of
detection). Mmmmmg:nalﬁanamlwmﬂmmtetma:temhuge
anl}rusn:ﬁnmhan,gamett mindre in-virde. LOD berar av ett antal faktorer och
warierar darfir nigot frin provtill prov, mellan olika kongener och frin ett
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analystillfille till ett annat. Ackyediterade resnltat kan endast fas ner tll
kvantifisringssransen (LOG — Hmit of quantification) som defineras av signaler som
dverstiger tio ganger brusnivan. Detﬁamga:zvmﬂjsnpportenﬁrtﬂhkmgenu
detta kriterinm inte ar uppfylk. Iumdet mellan tre och tio ginger brusnivan it
matosikerheten firhdjd men ger and3 ett vardefullt bidrag till resaltaten och TEQ-
beralmingen

Laboratorieblankens koncentration har redovisats separat, ingen subtraktion har
gjorts fran de verkliga provens koncentrationer. Mormalisering har gjorts till samma
enhet som fir proven med medebrirdet av de provmangder som anvants till des=a.

Beralming av TCDD-elovivalanter (TEQ)

Mifrin de enskilda kongenemnas koncentration har sk TCDD-ekvivalenter (TEQ)
beraknats. TCDD-ekvivalenterna relaterar de toriska kongenerna till den mest
toxizka, 2.3,7,8-TeCDD.

TEQ = koncentration x TEF

Det finms ett antal olika TEF-skalor som anvants genom iren Idag 3r WHO-TEF-
skalan den vedertagna men resultaten kan omraknas enligt den skala som dnskas
(tabell 1_=id. 5).

Nirmkungen €] kan detelteras rilmas detektionsgrincen ut. Den motsvarar en
signal frin analysmstrumentet som ir tre ganger higra anhrusm"an_
Dietektionsgrinsen beror av ett antal faktorer och varierar darfir nigot frin provtll
prov, mellan olika kongener och frin ett anakystilifille 6l et annat.

TE beriknas pd tre nivier. En nedre koncentrationserins dir koncentrationerna av
icke detelferade amnen satts till noll, en dvre koncentrationsgrins dir
koncenfrationerna av icke detekterade amnen ersatts med detektionsgrinssn samt en
medelkoncentration (medelvirdet av de bada).

En sammanfarming avanalysrapporten finns pd sidan 6-8 med WHO-TEQ-varden
far samfliga prov och ev kommentarer.

Umed sam avan,

Maria Hielt,
Laboratorisingenjar
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Femizka institotionan Mpr 3447
riljikemiska Laboratoriet Sida 5(23)

Tabell 4. Skalor for beralming av toxiska ekvmalenter (TEQ):

Kongen TEF
WHD, s WHO v | Imternaticrelly | Mordic
2378-TeCDD 1 1 1 1
13378-PelDD 1 1 0.5 0.5
123478-HxCDD 0,1 0.1 0.1 0.1
1F3IETE-HxODD AN 0.1 0.1 0.1
LZIFES-H=CDD 0.1 0.1 0.1 0.1
1234E78-HpC DD 0,01 0oL o001 001
D 0,003 00008 o000t o.oot
2378-TeCDF 0,1 0.1 0.1 0.1
13378-FelDF 0,03 0,05 0,05 001
23478-FelDF 0,3 0.5 0.5 0.5
L1Z3478-HxDF 0.1 0.1 0.1 0.1
1F3I6T8-HwODF AN 0.1 0.1 0.1
LZI7ES-H=DF 0,1 0.1 0.1 0.1
2346TE-HwODF AN 0.1 0.1 0.1
12345T8-HpCDF 0,01 001 o001 001
1334 7E9-HpCOF 0,01 0,01 0,01 0,01
O 0,003 00008 o000t 0 0o
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2041-01-20
Femiska institationen Mpr 2447
Miljikemiska Laboratoriet Sida 6(23)
Besultatsammianstallning”

Wir provmirkning: Ia47:1 3q47:2 3447:3 a7 4 3447:5
Er provmarkning: F55 1 F55 2 F55 3 F55 4 F5% 5
Proviyp: sediment sediment sediment sediment sadiment
Mingd analyserat 9.979 9,322 12,158 10.487 10.628
prov bv:

Tw {%a) SE.4 94.5 o8 98.1 29.3
LOT (%% av tv): 2.9 6.3 0.58 1.5 1.6
Enhet: paaq pga Pa/g pa/g Po/g

PCDD occh PCDF:

I WHO 2005 TEQues

Gwre koncentration 103 420 29 130 76

Medal koncentration 103 420 29 130 76

Medre koncentration 103 420 29 130 76
HCB: 3700 9800 Ba0 3500 2000
Aterfunnen C IS({%) o4 5 21 ag BB
OCs: 210 430 41 200 100
Aterfunnen “C IS{%) 77 63 76 62 62

" Oenfimes o) v sciesdiieningen
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NIVA 6144-2011

E
UMEA UNIVERSITET Umea 2011-01-20
Femiska instimtionen Mpr 3447
Miljikemiska Laboratoriet sida y(23)
Vér prowmdrkning: 34476 3447:7 34478 3447:9
Er provmarkning: FS5 6 FA 53 Deep FA 53 GY 08 Deep
Shallow

Provtyp: sediment filter filtes iltes
Mingd analyserat 9.082 - - -
prov bv:
Tw (%) 94,7 - - -
LOT {% av tv): B.6 - - -
Entvet: paf'g pafprav Py prow o prov
PCDD och PCDF:

E WHO 2005 TE Qi

Cwre koncentratisn 3100 250 58 140

Meadel koncentration 3100 230 50 140

Medre kancentration 3100 210 42 140
HCB: 97000 SB00 3700 4100
Aterfunnen “C IS{%) 144 111 a5 a6
OCS: 11000 450 180 260
Aterfunnen C IS({%) 127 78 63 67
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NIVA 6144-2011

UMEA UNIVERSITET Umead 201:-01-20

Femiska instimtionen MpT 3447

Mitjikemiska Laboratoriet Sida B{=23)

War provmérkning: 344710 3447:11 3447:12 3447:13

Er provmarkning: LY 08 GFD 01 GFD 01 Blank Mtar
Shallaw Deep Shallaw

Proviyp: Titer flber filter fltesr

Mangd analysarat - - - -

prov be:

Tv (%) - - - -

LOTI (% av tw): - - - -

Enkhet: paf prov POy prow Pafprov oy prov

PCDD och PCDF:

I 'WHO 2005 TEQuex

Gwre koncentration 39 118 &0 ik

Madel koncentration 3 ai 52 12

Medre koncentration ] 6l 43 0.47
HCB: 1000 4500 7500 100
Aterfunnen C IS({%) 93 65 105 93
OCs: 79 350 820 1.5
Aterfunnen “C IS{%) BE 53 71 73
Eomnientar;

Laborabtorieblank 3447:B1 ar upparbetad med proven 3447: T-13.
Laboraborietlank 344 7:82 ar upparbetad med proven 3447: 1-6.
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NIVA 6144-2011

UMEA UNIVERSITET
Eemiska institotionen
»iljikemiska Laboratoriat

Umed 2041-01-20

Mpr 2447
sida glz3)

Analysrapport klorerade dioxiner och furaner

Var provmiarkning : MPR 34471
Er provmarlming : FS81
Frovivp : sediment
Mangd analyserat prov (gt} : g.979
v (%) : oy
LoOI (% av i) tzg
Provsort ! FEE
Matosikerhet ! = 26 % (95% konfidensintervall)
Konc. Aterfunnen
Lk |
Kongen [Paia i) EME
2378 TelDD L7 8%
12378 PeCDD 848 T8
123478 HeC DD 13 BE%a
12367E HeCDD 17 BT
123789 HeCDD 15 BI%
1234678 HpCDD 120 B4
oCoD 320 132%
2378 TelDF =B B4%
12378 PeCDF il BOFa
23478 PaCDF" 34 B3
12347E HeCDF I Béta
123678 HeCDF 140 BOFS
234678 HxCDF 58 ) ] B3
123789 HeCDF" &2 25%
1234678 HpCDF 550 1173%
1234789 HpCDF ZED B35
QCDF 3300 7%
Suif fare ko, 13
WHO- meed e, K]
E& nedie kose. | 1%

Koncentrationer angivina med lnrsor st ligger mellan LOD och L) med stdore mitosikeriet {345,

= Eameluerar med 12489-PeCDF
¥ Sameluverar med 12348%-HolDF

Frovet ankom: aouiE12-00 Typ av GC-kolonn: V- s
Lagringsbhetingelser © Fry= Person ansvarig fir

Startdatum fiir upparbetning: 2o0-12-11 Upparbetning: Maria Fijelt
Startdatom fiir analvs: 2011-01-11 Annbys: Per Liljelined
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Femiska institutionen Mpr 3447
HMiljikemiska Laboratoriet Sida 10(23)

Analysrapport klorerade dioxiner och furaner

Viar provmiarlming : MPR 34472

Er provmarkming : F552

Frowtyp : sadiment

»angd analyserat provigt} : g.322

Tv (%) Y

LOT (% av tv) : 6.3

Provsort : pEle

Matosakerhet : £ 26 % (5% konfidensintervall)
Komc. lta:’unnan

Kongei [eusa ) E‘}E

2378 TeCDD (-7 63%a

12378 PeCDD X T0Ra

123478 HeCDD 45 BI%a

123678 HxCDD &7 Bl%a

123789 HxCDD 58 785

12346TE HpCDD +30 BX%a

oCoD T 70 : 655

2378 TelCDF 190 B85

12378 PaCDF 350 655

23478 PaCDF" 2£0 T3%

123478 HxCDF 1000 TB%a

123678 HeCDF 57D 7B

234678 HeCDF ZD — | 765

133789 HeCDF" =0 118%%

1234678 HpCDF 2300 Bea

1234769 HpCDF R 645

QCDF L1000 3%

Sum e koac. £30

WHD- e e e 430

TEQ o0y | nedee ko | 430

Koneentrationer angivia med sty =6l Beger mellan LD ock LOK) med sttere mitesikerhet {38%).
=  Eamauerar med 12489-FeCDF
¥ cameluerar med 123485 -HelDF

Frovet ankom: aoii-12-tn Typ av GC-kolonn: DB i
Lagringshetingelser : Frys Person ansvarig fiir

Startdatom fiir upparbetning:  2ou0-12-13  Upparbetning: Maria Hjedt
Startdatom ffir analyvs: S =011 Anabw: Per Liljelind
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NIVA 6144-2011

UMEA UNIVERSITET Umes 2011-01-20
¥emiska institationen Mpr 3447
Miljikemiska Laboratoriet Sida 11(23)

Analysrapport klorerade dioxiner och furaner

VAr provmarkming ! MPE 34473

Er provmarlming : FS53

Froviyp £ i

Mangd analyserat provigty) : 12150

v (%) : go.d

LOI {% av i) : o058

Frovsort : PEE

»atosakerhet : = 26 % (g5% konfidensintervall)
Konc. Aterfunnen

L k|

sy (pgfa ) Eﬂm

2378 TeCDD P BE%a

12378 PeCDD 232 : B3a

123478 HoCDD 2 Bl a

123678 HeCDD 47 BT

123789 HxCDD s T8

1234678 HpCDD 31 RS

oCDD 50 B4

2378 TelDF | 13 B3%a

12378 P DF 23 B3%

23478 PeCDP 17 BT

123478 HxCDF T2 2%

123678 HeCDF al 2%

23467E HeCDF 18 B&%a

123789 HxCDF® 22 B

12345678 HpCDF 220 B4

1234789 HpCOF T il et

QCDF &30 67

S Tivre knee. ]

WHO- [ [ LTI s |

TEQo0s | nedie komc. | 20

Koncenfrationer angivna med bests st Agger mellan LOD nch LOK) med etéere miatos Sectet (38%0).
= Eamaluerar med 12489-FelCDF
b Samelwerar med 12388%-HolDF

Frovet ankom: 2oa0-12-00  Typ av GC-kolomnn: DiB-fms
Lagringshetingelser Frys Person ansvarig filr

Startdatom fiir npparbetning: 2mo-12-13  Upparbetning: Mara Hjelt
Startdxtom fiir analvs: a0i-0-11  Ammbesr Per Liljelind
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NIVA 6144-2011

UMEA UNIVERSITET Umeed 2041-04-20
Femiska institotionen Mpr 3447
HMiljikemizka Laboratoriet 5ida 12(23)

Analvsrapport Klorerade dioxiner och furaner

Vir provmarkming ! MPE 34474

Er provinarlkning ! FS54

Frontyp : sediment

Mingd analyserat prov (gtv) @ 10487

v (%) HE- 1 E ]

LOT (% av ) HIE W

Provsort ! PEE

Matosakerhet : £ 26 % (95% konfidensintervall)
Wi Aterfunnen
(e tv} Be 18

Kongen %]

2378 TelDD 240 Bi%

12378 PeCDD 10 TG

123476 HxCDD 13 B&a

12367E HxCDD 20 B3R

123789 HxCDD 17 THa

1734678 HoCDD e = = 101%

QCDD il BE%

2378 TeCDF 50 BOa

12378 PaCDF 120 TEE A

23478 PaCDF" L B4

123478 HxLDF 320 BS%a

123678 HxLDF 17 B&%a

23467 E HxCDF 54 BT

123789 HxCDF* e Fl%a

1234678 HpCODF 0 : 5

1234789 HpCDF a2 Tt

DCDF S500 33a

Sum Barre e, L3

WHO- | medellone. 13

TEQhoos | nedre ks | Lk

Koncentrationer angivia med bosi sl fgger mellan LD och L0 merd stftore matosikerhet {3895,
Samaluerar med 13489-FeCDF
b Sameluerar med 12348%-HolDF

Provet ankam: ai-12-01  Typ av GC-kolomn: VG- e
Lagringsbetingelser ¢ Frys Person ansvarig fir

Startdatum fiir upparbetning:  o-12-13 Upparbetning: Mana Hjelt
Startdatum fiir analvs: S0-01-11  Anabs Per Liljelind




NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Femiska institationen Mpr 3447
Miljikemiska Laboratoriat Sida 13(23)

Analysrapport Klorerade dioxiner och furaner

VAr provmarlming ! MPE 34475

Er provmirlmi : FES5

Froawtyp : sediment

Mangd analvserat prov (gtv) : 10620

Tv (%) ! go.3

LOT (% av ) t b

Provsort ! PEE

»atosakerhet : £ 26 % (95% konfidensintervall)

Konc. """El':"""t"

Wiiagiss ipaia tv} Eum

2378 TeCDD 12 BT

12378 PalCDD &0 B354

123478 HxCDD EF 108%%

123678 HeCDD 11 1055

1237808 H=CDD 11 102%%

1234678 HpCDD &l B4

oo e 0 —— 4%

2378 TeCDF 4 Béa

12378 PeCDF &5 BlEa

23478 PeCDF" + 1087

123478 HeCDF 150 B3

123678 H=CDF 100 103%%

23467 E HeCDF 43 145
] 54 T

1234678 HplDF 540 61%

1234789 HpCDF 150 TFa

QCDF Z500 B35

Sum forne ko, T

WHO- isedellding. Th

TEQuoos | nedee kosc. Th

Konrentrabiomer angivia med brsto stil fgger mellan LD och L) med stéeme matesikerhet {38%).
= Esmeluerar med 12489-FeCDF
b Eamsuerar med 123485-HolDF

Provet ankom: a0i0-12-00  Typ ow GC-kolonn: - g
Lagringsbetingelser : Frys Person ansvarig fiir

Startdatum fir upparbetning:  2ow0-12-11  Upparbetning: Maria Hijelt
Startdatum fiir analvs: i i-0-11 A by Per Liljeline
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NIVA 6144-2011

UMEA UNIVERSITET Umei 2011-01-20
Kemiska instimtionsn Mpr 3447
Hiljikemiska Laboratorist Sida 14(23)

Analvsrapport Klorerade dioxiner och furaner

WVar provmarkming ! MPE 34476

Er provmirkning : FSS6

Froviyp : zadiment

Mangd analvserat provigty) : gogfa

TV (%) HE ¥ )

LOI {% av tv) : B

Provsort : pE'E

ratosakerhet : = 26 % (g5% konfidensintervall)
Kondc. "'“:“""'E“

Kongen {owia b E‘}E

2378 TeCDD 0 8 ]

12378 PelDD 220 BT

123478 HeCDD 310 BeRa

123678 HeC DD 470 T8

123789 H=CDD < TG

1234678 HpCDD 2500 BOf

oCoD ] 5100 BT

2378 TeCDF 1 &S00 B&Fa

12378 PalDF 2500 113%%

23478 PeCDF" J000 B4

123478 HeCDF T 1P

123678 HeCDF 400 BT

234578 HxCOF 2300 > | T

123789 HxCDF® 2100 Bl%

1234678 HpCDF 11000 BOFS

1234789 HpCDF E0D0 1ms

OCDF 39000 161%

Sum fere koac. 1

WHD- inned el Jini

TEQ00s | nedie ks | R

Koncentrationer angivia med kbersir sl gger mellan LD och L0 med stéme matosikerhet (38%).
Samaluerar med 124833-FeCDF
¥ Sameluerar med 12348%-HoCDF

Provet ankom: aotde12-00 Ty ow GC-kolonn: D=
Lagringsbetingelser : Frys Person ansvarig fiir

Startdatom fiir opparbetning: 2ou0-12-13 Upparbetning: Mama Hjelt
Startdwhom fiir analvs: ai-0i-11 Anabo Per Liljelind
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Femizka instittionen MPpL 3447
Miljikemiska Laboratoriet Sica 1523

Analysrapport Klorerade dioxiner och furaner

Vir provmirlming ! MPE 24477

Er provmarkming : FAS3 Desp

Froviyp : filter

*angd amalyserat prov (g) : -

Tv (%) : -

LI {% av tw) : -

Provsort ! PE/pTOV

*atosakerhet ! = 26 % (g5% konfidensintervall]
ey Aterfunnen
(P erav) ug 15

Kongen 1]

2378 TeCDD WD 13} B4

12378 PeCDD ND23, BE%

123478 HxCDD 25 RI%

123678 HxC DD 33 BT

123780 HxCDD 28 BZ%

1234678 HpCDD ) : TP

ocoD T TI%a

2378 TeCDF 110 Rl%a

12378 PeCOF 220 BE%:

23478 PeCDF" 130 BI%

123478 HwlCDF 510 101%%

123678 HxCDF 23 s

2346 7TE HxCDF 17 TB%a

123789 HeCOF® 210 7B

1234678 HpCDF 1400 B3%a

1234789 HpCDF Sl 1%

QCDF 700 R

Sum fare ks, 250

WHO- | medelbone. 25

Tqum aedne K. | bl 1]

Koneentrationer anghvna med lnrsi stl fgger mellan LOD och L0 med stitere mitosikerbuet {389%).
Sameluerar med 134839-PelDF
b Sameluerar med 123285-HwlDF

Provet ankom: aoie-12-i0 Typ av GC-kolomn: G- 5imes
Lagringshetingelser : Frys Perzon ansvarig fir

Startdatum fiir upparbetning:  200-12-03  Upparbetning: Maria Hijelt
Startdatum fiic analvs: a0ii-0i-11  Anakys Per Liljelind
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NIVA 6144-2011

UMEA UNIVERSITET Umed 204:-01-20
Femiska institotionsn Mpr 3447
riljikemiska Iaboratorist Sida 16(23)

Analvsrapport klorerade dioxiner och furaner

Var provmarkming : MPR 34478

Er prosmarkming : FA 53 Shallow

Froviyp : filter

*iangd analvserat prov (g} : -

TV %) : -

LOT {% av i) -

Frovsort ! PE/prOvw

»Miatosakerhet : =26 % (g5% konfidensintervall)
Konc. Aterfunnen
(g prav] e 18

Kongen %]

2378 TeCDD N 5.1 T¥h

12378 PalCDD INID7 5} 2%

123478 HeCDD ND9.T} T3

123678 HeDD D1 1%

123789 HelDD NI 10} 647,

1234678 HpCDD 0 54

ocoD 100 67

2378 TeCDF 33 T4

12378 PeCOF 7 44

23478 PeCDF" 27 3%

123478 HxCDF 110 T

123678 HxCDF &7 -

234678 HxCDF 34 TZ%

123789 HeCDF* 38 0

1234678 HpCDF 250 TB%

1234789 HpLDF 120 755

QCDOF 1200 T3%

Sum e husai. 58

WHO- | medelbone. | 50

TEQunes | nedre kose, | 42

Koncentrationer angivna med st s6il Bgger mellan LOD och LOE) meed stfere mbosikerhiet {38%).
= CSaxmeluerar med 12489-FelCDF
b Samaluerar med 123485-HaCDF

Provet ankom: aoii-12-00  Typ av GC-kolomn: [DB- s
Lagringshetingelser : Frys Perzon ansvarig fir

Startdatom fiir ppparbetning:  2o0-12-073  Upparbetning: Maria Hjedt
Startdlatom fHir analvs: (310111 L H Per Liljelind
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NIVA 6144-2011

UMEA UNIVERSITET Umead 2041-01-20
Eemiska instimtionsn TIpT 3447
Hiljikemiska Laboratoriset Sida 17(23)

Analysrapport klorerade dioxiner och furaner

vir provmirinine ! MPE 344719

Er provigarkning : GY ol Deep

Froviyp : filter

»ingd analyserat prov (g) ! -

T (%) ;-

LOI (% av iv) D -

Provsort ! pe/prov

Miatosilerhet : #+ 26 % (g5% konfidensintervall)

153“‘:_: Atgl:l'unnen

L

Kongen i E.,Is

2378 TeCDD B {4.5) 045

12378 PaCDD 11 T

123478 HxCDD 16 BOfa

123678 HxCDD 2l T

123789 HeCDD 20 T4

1234678 HpCDD 140 7%

oCon 300 : 625

2378 TeCDF 37 BOR4a

12378 PaCDF 114 8%

23478 PaCDF" 85 T

123476 HxCDF J4 B4

123678 HoCDF 150 B1%

234678 HxCDF 95 . . ] L

173789 HxCDF" 100 5%

1234678 HpCDF 1000 7%

12347689 HpCOF Eat) TP

oCDF 3200 B4%a

Sum e ko, 1441

WHO- i el ldinne. 141

TEEE’ nedre ko, | 14

Konrentratiomer angnna med berstr sl gger mellan LOVD och L) mesd stfere matosierhet {38%).
= Eameluerar med 12489-PeCDF
¥ Sameluerar med 123£8%-HolDF

Provet ankom: amir12-01  Typ av GC-kolonn: DE-fms
Lagringsbetingelser : Frys Person ansvarig fir

Startdatum fiir upparbetning: 2010-12-09  Upparbetning: Mara Hijelt
Startdatom fir analvs: 20ni-0i-11  Amumbyss Per Liljelind
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Femiska institationen MpE 3447
HMiljikemiska Laboratoriat Sida 1B(23)

Analysrapport klorerade dioxiner och furaner

vir provmirkning ! MPE 244740

Er provmarkning : GY of Shallow

Frovivp : filter

Mangd analvserat prov (g} -

Tv (%) P

LOT {% av i) HE

Provsort ! pE/prov

Matosakerhet : £ 26 % (g5% konfidensintervall)

Wi Aterfunnen

{pgy o) e 1s

Kongen (%]

2378 TeCDD ND4%, BOFS

13378 PeCDD ND[7E) Tau,

123478 HxCDD NID{4.1} TB%a

123678 HelDD D5 T8

123789 HxCDD D{5.5) 12

1234678 HpCDD 30 3%

ocoD 58 655

2378 TelDF 13 B1%a

12378 Pl DF 24 T3

23478 PeCDF" 16 TEES

123478 HxCDF 54 B4

123678 HxCDF TR — = B

234678 HxCDF N2 7%

123789 HxCOF a2 T

1234678 HpCDF 170 TB%

1234789 HpCOF -1} BZ%a

QCDF 70 B3%a

Sumi fivre kosc. 9

WHO- | medelkon. #

TEQuoos | nedee kome. F]

Koncentrationer angivna med borsar il Sgger mellan LD och LOK) med stidore matosikerhet (38%).
*  Sameluerar med 12489-FelDF
b Eameluerar med 12348%-HwlDF

Frovet ankom: 2oid-12-01  Typ av GC-kolonn: D E-#ims
Lagringshetingelcer © Frys Person ansvarig fiir

Startdotum ffir upparbetning:  2010-12-03  Upparbetning: Maria Hijelt
Startdmtom fiic analyvs: aoui-0i-11  Ansbs Per Liljelined
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2012-01-20
Femiska institationen Mpr 3447
riljikemiska Laboratoriet Sida 19(23)

Analvsrapport Klorerade dioxiner och furaner

War provmiarkming ! MPE 34471

Er provmarkning : GFD 01 Deep

Froviyp : filter

Miangd analyserat prov (g) ;-

v (%) -

LOI (% av v} : -

Provsort ! PE/prOv

»atosakerhet : = 26 % (95% konfidensintervall)
Kot Aterfunnen
[P rav) o ]

Kongen ]

2378 TeCDD IND24) 3%

12378 PeCDD D3 = 1]

123478 HeL DD ND(2ZE) 38945

123678 HeCDD DaDe - 565

123789 HeL DD NID(25] 54%

1234678 HoCDD Tl 51%

ocCDD 130 51%

2378 TeCDF MDA} 6355

12378 PaCDF &3 6%

23478 PeCDF 3 63

123478 HxCDF 120 L

123678 HeCDF 110 2%

234678 HxCDF 40 55%a

123780 HxCOF" 55 555

1234678 HpCDF 430 3%

1234789 HpCDF 210 B

DCDF 2300 58%

Sum fvre ko, | LK

WHO- it el i il

TEQuo0n | ncdne kose. | nl

Konrentrationer angivia med brsiv sol fegger mellan LoD ocbs L) med stiere mitosiberbet {385%).
= Esmeluerar med 12489-FelDF
b Eameluerar med 12328%-HwoCDF

Provet ankaom: aoi-12-00  Typ ov GC-kolonn: DE-fms
Lagringshetingelser Frys Person ansvarig fiir

Startdatum fiir upparbetning: 20w0-12-03  Upparbetning: Maria Hjedt
Startdatum fiir analvs: 20oui-01-11  Anmbs: Per Liljelingd
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NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Femiska institotionen Mpr 3447
Miljikemicla Lahoratoriat Sida 20(23)

Analysrapport klorerade dioxiner och furaner

Var provmariming ! MPE 344712

Er provmarlming ! GFD 01 Shallowr

Frovtyp : fiktes

Mangd analyserat prov (g) -

Tv (%) -

LOT {% av tv) : -

Provsort : pe/prov

Matosakerhet : = 26 % (95% konfidensintervall)
e Aterfunnen
[ B 15

Kongen ]

2378 TeCDD NDI34 B854

12378 ralDD ND4.4 B3F4a

123478 H=CDD D54 Béfa

123678 HeCDD &3 BéRa

123780 HeCDD KNID5.8) BiFa

1234678 HpCDD £3 ToFa

QCoD 52 TFa

2378 TeCDF 30 BRSa

12378 PalDF 51 B3%a

23478 PalDF" 35 BT

133478 HeCDF 120 B3R

123678 HxCDF T ————— 91%

234678 HxCDF ND(TT} 76

123789 HeCDF 35 TéR

1234678 HpCDF 0 B2%%

1234789 HpCDF 110 B&%4

OCDF 1200 O

Suifm fivre hosc. Al

WHO- | medeikone. 52

TEChon: | nedre kose. 43

Konrentrationer angivna med bursir soil Hgger mellan LG och L) med stiome mitosikerhet (3850,
=  Sameluerar med 12489-PeCDF
b Sameluerar med 123485 -HolCDF

Frovet ankom: aoui-12-01 Ty av G -kolonn: D E- i
Lagringsbhetingelcer : Fryx Person ansvarig fiir

Stortdotom flir upparbetning:  2010-12-09  Upparbetming: Maria Hijelt
Startdatum fiir analvs: aoi1-01-11  Ansbys: Per Liljelinel
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UMEA UNIVERSITET Umed 2011-01-20
Femiska institationen MPpr 3447
riljikemizka Laboratoriet Sida 2123}

Analvsrapport kKlorerade dioxiner och furaner

Vir provmiarkning : MPE 344713

Er provmoarkning : Blank filter

Frovisp : blankfitter

»angd analyserat prov (g) ;-

TV (%) : -

LOT {% av tw) : -

Provsort : pE/prov

ratosakerhet : 26 % (5% honfidensintervall)

Aterfunnen

e 1

Kongen o Eu

2378 TeCOD __ NDAT) B

12378 PaCDD D 5.5} B

12347E HxCDD D59 BOfa

123678 HeCDD HD(54 T8

133789 HeCDD NID2.7) X%

1234678 HpCDD 7.7 6354

ocDo 10 655

2378 TeCDF D53 E

12378 PeCDF NDES B

23478 PaCDF IID{S.T) BOF:

123478 HxCDF ND{11} B4E

123676 HeCDF NI 1} Bl%a

234678 HeCDF DD (D) Téa

123789 HxCOF" HD{11] 5

1334678 HpCOF 25 TB%

1334789 HpCDF 10 B4y

OCDF 120 B&%a

Sum fne Ril@i. 21

WHO- | medelbone 1z

TEQuoos | nedre kose, | 0.47

Konrentrationer angivia med bursir sl Bgger mellan L0 ochy LK) med storme mAtosakerhet {38%).
* ESameluerar med 12489-FelDF
b Sameluerar med 12348%-HaCDF

Provet ankom: aoii-i8-01  Typ av GE-kolonn: [E- s
Lagringshetingelser : Frys Person ansvarig fir
Startdatom fiir upparbetning:  2000-12-07  Upparbetning: hama Hjelt
Sturtdatum fir analvs: I 1-01-11 Annh Prer Liljelind




NIVA 6144-2011

UMEA UNIVERSITET Umed 2041-01-20
Famiska instimationen Mpr 3447
Hiljikemiska Laboratoriet Sida z2(23)

Analvsrapport klorerade dioxiner och furaner

Var provmarkming ! MPR 3447-B1
Er provmarlming ! -
Froviyp : Laboratorieblank
Mingd analysarat prov (g) ' -
v (%) : -
LOI (% av v} : -
Frovsort : PE/prov
Mitosilerhet ! £ 26 % (95% konfidensintervall)
Konc. .l.te:unnen
Kongen [pwsprov) E&-}s
2378 TeCDD B £4) Bl%a
12378 PeCDD NID(25} 82%
123478 HxCDD ND(72) TB%
123678 HxCDD BD{7.5] 6%
123789 HxCDD INID{E.5} TZ%
1234678 HpCDD NDED 5%
0CDD 75 ; T34
2378 TelDF D15} T
12378 PelDF bt ] A | TEEG
234738 PaCDF" ND4.0) TERa
123478 HxCDF KD55 BOFS
123678 HxCDF NID{5.5} Bi%
234678 HXCDF N2} . _ | T4
123789 HxCDF® INIDEZ} 3%
1234678 HpCDF ND(EO) T4
1234789 HpCDF ND(ED T4
QCDF 12 BI%
S e ks 13 HCBE™: 110 1%
WHO- med el [ % 0Cs5: 1.4 T3
TEQJE nedne ko, | 0 ey

Komeentrationer anghma med brsir sl Bgger mellan LD och L) med stiore mitosikertet {38%).
=  Sameluerar med 12459-PelCDF T Omfafas o av ackralileringen.
F  Samelwerar med 12348%-HwCDF

Provet ankom: Typ av GC-kalonn: DE-fmes
Lagringshetingelser ¢ Frys Person ansvarig fir

Startdatum ffir upparbetning:  2010-12-07  Upparbetning: Maria Hjelt
Startdatom fir analvs: S00-01-11  Amsbyss Per Liljelind




NIVA 6144-2011

UMEA UNIVERSITET Umed 2011-01-20
Kemiska instimtionsn IMpr 3447
riljikemicska Laboratoriet Sida 23(23)

Analysrapport Klorerade dioxiner och furaner

Vir provmiariming : MPE 3447:B2
Er provmarimi TR
Froviyp : Laboratorieblank
»Mingd analyserat provi(gtw) : "1o.4"
Tv (%) e
LOT (% av ) H
Frovsort I pE'E
Matosalerhet ¢ £ 26 % (95% konfidensintervall)
S Aterfunnen
[egifa vl nE 15
Kongen ]
2378 TeCDD DD T2va
12378 PeCOD __ND{D6T) . _ €
123476 HxCDD DU T3
123678 HxCDD NDDsy | _ 45
123789 HxCDD NDDA T2ra
1234678 HpC DD N TFa
oCoD MDD 1%
2378 TeCDF MDA 75
12378 PalDF MDA T4
23478 PeCDF" WD0AT) _ 4%
123478 HxCDF ND{0L3T) 7B
123676 HxCDF MDD TES
234678 HxCDF NDL3m T2
123789 HxCDF® MDD TiEa
1234678 HpCDF ND{DAZ T
1234789 HpCDF ND{DAT: 7B
QCDF 12 T4
Sum e ko L4 HCE-: 12 T0FG
WHO- | medelione. .69 % .19 60Fa
TEQops | nedie kosc. | 00004

Konrentrationer angivia med bursie st Agger mellan LOC och L0 med stdere mitosakerhet (38%).
= ESameluerar med 12489-FelCDF T Dimfaftas of sy ackealiicndogen.
b Coamelverar med 133485-HoDF

Provet ankom: Typ av GC-kolonn: DE-Kims
Lagringshetingelser ¢ Frys Person ansvarig fir

Sturtdlabom fiir opparbetming:  2010-12-13  Upparbetning: Mlaria Hijelt
Sturtdatom ffir analvs: 20010111 Ammbyw: Per Liljelind
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NIVA: Norway’s leading centre of competence in aquatic environments

NIVA provides government, business and the public with a basis for
preferred water management through its contracted research, reports
and development work. A characteristic of NIVA is its broad scope of
professional disciplines and extensive contact network in Norway and
abroad. Our solid professionalism, interdisciplinary working methods
and holistic approach are key elements that make us an excellent
advisor for government and society.

NIVA-

Norwegian Institute for Water Research

Gaustadalléen 21 ¢ NO-0349 Oslo, Norway
Telephone: +47 22 18 51 00 » Fax: 22 18 52 00
www.niva.no ¢ postfdniva.no





