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Introduction

Polychlorinated naphthalenes (PCNs) have been detected in many environmental samples suct
marine mammalg, fish?, sediments!, and ait®. In spite of the fact that the production of PCN
technical mixtures has been prohibited worldwide, PCNs are still found in the environment bein
released via for example incineration procesaes chlor-alkali productidn Quantifiable levels of
PCNs have been found in sediments from different parts of the world. The detected background leve
in surface bottom sediments were typically in the range of 0.5-7.6 ng/g dw in the BalfiaSda
sample from the Swedish west coast (Kattegat) contained 0.62 ng/mdialy (Venice and Orbetello
lagoons) the levels were 0.03-1.51 ng/g*tdWwCN concentrations and fluxes were recently measured
in a sediment core from a semirural lake in Northwest Endlamte top layer of the core dated 1995
contained 2.8 ng/g dw of PCNSs. A calculated current OPCN flux in that geographic area was five time
higher than the preindustrial background levels. The OPCN fluxes peaked in the late 1950s to mi
1960s and were during these years five times higher than the current flux. The PCN concentrations
the “background” sediments in the geographic areas above are of the same magnitude (~1 ng/g d
indicating similar background fluxes of PCNs. Much higher levels of PCNs have been found in
sediment samples near a former chlor-alkali pfant

Methods and Materials

Samples

Surface bottom sediment samples were grab sampled at Harufjarden (HF) and Simpnés (SN) in t
northern part of the Baltic Sea (Fig. 1). The samples were taken from the second sedime
accumulation bottom from the coastline at both locations in order to measure background level
Sediment traps were placed near the bottom at coastal locations (SN, and HF) and offshore locatic
(SR5, and F9) collecting settling particulate matter (SPM) over a period of approximately 12 months
The following number of samples was taken: surface bottom sediments from HF (n = 3) and SI
(n =2); SPM from HF (n =2), F9 (n = 1), SN (n = 1), and SR5 (n = 1). The total sampling period
began in spring 1991 and ended in autumn 1993. Sampling data of the sediment trap sampling
presented in Table 1.
Extraction and clean-up

The samples were placed in pre-extracted cellulose thimbles and extracted wet in a Soxhl
apparatus (Dean Stark) with toluene for 24 h followed by acetone/hexane (59:41) for another 24 h. T
lipid content was determined gravimetrically in each sample after solvent reduction. Prior to extractior
three®C-labelled nomertho PCBs (PCB 77, 126, 169) were added as internal standards. The total
carbon content (TC) was determined in a subsample using an element analyser (Carlo ErB8)EA 1
according to standard procedures. The clean-up was carried out by means of dialysis with sen
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Figure 1. Sampling locations in the Baltic Sea.

Table 1. Sampling data for sediment traps.

Location HF F9 SN SR5
Bothnian Bay Bothnian Bay Bothnian Sea Bothnian Sea
Latitude (N) 65°34° 72" 65°34°86"" 64°42°50” 59954790
61°05°03”
Longitude (E) 2204570 22045795 22°04°32" 19°10°92”
19032°94”
No. of samples 2 1 1 1
Out (date) Aug 17, 1991 May 13, 1991 Jun 16, 1992 Jan 17, 1991
In (date) Aug 26, 1993 Nov 18, 1991 Jun 12, 1993 Mar 7, 1992
Trap out (days) 740 189 361 415
Water depth (m) 24 and 26.5 116 41 115
Placement of trap
from bottom (m) 10 15 10 15

permeable membranes (SPMDs) to reduce the bulk of the lipids using cyclopertaeedialysis
extract was further cleaned-up by elution on a silica column with n-hexane and fractionated on
HPLC aminopropylsilica colunth A fraction from the column containing dicyclic aromatic
compounds was introduced onto an HPLC column containing PX-21 activated carbon to achieve a fi
separation of planar PCNs froartho-substituted PCBs and other interfering compounds by gradient
elution with a mixture of dichloromethane in n-hexane and toluene. PCNs were back-flushed from t
column with 80 mL toluené.
HRGC-HRMS analysis

The samples (3 ul) were injected in splitless mode on a Hewlett Packard 5890 GC coupled to a'
Analytical 70-250S mass spectrometer. PCN separation was performed on an Rtx-5 capillary colu
(60 m, 0.32 mm i.d., 0.25 mm film thickness) using the following temperature program: 180 °C (
min), 20 °C/min, 200° C, 4 °C/min, 300 °C (15 min). Electron impact was used at 35 eV and the HRN
operated at a mass resolution of 8000. The detection of PCN ions was carried out in SIM mode and
two most abundant isotopic ions in the molecular ion chlorine distribution cluster for each PC
homologue (tetra- through hepta-CNs) were monitored. The identification of PCNs was based
literature dat# and the use of a Halowax 1014 mixture.
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Results and Discussion

Fluxes and sedimentation of PCNs

Sample data, levels of PCNs, sedimentation ratex&@N fluxes are presented in Table 2.

The load of PCNs in the surface sediment samples from SN (1.95 ng/g dw, Bothnian Sea) was
times higher compared to samples from HF (0.33 ng/g dw, Bothnian Bay). These background sedime
levels are in agreement with other studlies

The sedimentation rates of SPM (g?iy) as well as th&PCN fluxes (ug nf-y-Y) in the offshore
and coastal locations in the Bothnian Sea were approximately twice as high compared to the locatic
in the Bothnian Bay, i.e. elevated values in the south. The deposition of sediment material was three
five times higher in the coastal locations (SN and HF) as compared to the offshore locations (SR5 a
F9). The higher deposition of SPM at the coastal locations reflects the extra input of materials frol
river outlets, air, surface streams etc.

Table 2.PCN levels, sediment trap fluxes®PCNs, and sedimentation rates.

Type of sample Sediment SPM

Location HF SN HF F9 SN SR5
Level of PCNs (ng/g dw) 0.33 1.95 0.34 1.38 0.30 1.00
Carbon content (%) 3.1 3.1 4.5 14 4.5 5.6
Lipid content (%) 25 2.5 0.83 4.9 1.4 5.2
Level of PCNs (ng/g C) 10.6 62.9 7.6 9.9 6.7 17.9
Sedimentation rate (g Ay-t) - - 1700 350 3100 860

Y PCN Fluxes (ug mMy-) - - 0.58 0.49 0.93 0.86

The estimated PCN fluxes in Northwest Englaid2.7 pg m? y-*) were higher than the fluxes
(0.49-0.93 pg nmi-y-t) obtained in this study showing the impact of the closeness to industrial activities.
The obtained@PCN flux values were similar to the preindustrial levels determined in Erigland

The total annual sedimentation of PCNs in the Bothnian Bay (Area = 36 8)Ghkch Bothnian
Sea (Area = 66 000 Knusing the values obtained in this study were approximately 20'kang-

60 kg y+ during this period of time.

An estimation of the annual sedimentation of polychlorinated dibprdioxins and dibenzo-
furans, X PCDD/Fg’, in the same region (Bothnian Bay and Bothnian Sea, i.e. Gulf of Bothnia) was
120 kg y. The investigations above have shown that the annual sedimentatidhB@ils and
X PCDD/Fs were of equal magnitude in the Gulf of Bothnia around 1990.

PCN homologue profiles and congener patterns

PCN homologue profiles and congener patterns from samples collected in the Bothnian Bay a
shown in Figures 2 and 3. A PCN profile of an air satfpngempled in the northern part of Sweden, is
also shown. The PCN composition in the offshore SPM sample (SPM, F9) and the background ¢
sample are alike, dominated by the TCNs. The PCN homologue profiles in the sediment and SP
samples of the coastal location HF are similar. These findings are confirmed by the PCN congen
patterns shown in Figure 3.
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Figure 2. PCN homologue profiles in sediment and SPM samples collected in the Bothnian Beé
together with a background air sanfellected in the north of Sweden.
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Figure 3. Composition (%) of PCNs in sediment and SPM samples collected in the Bothnian Be
together with a background air sanfatellected in the north of Sweden.
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