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ABSTRACT

Levels of pPCB and PCN were determined on a lipid weight basis in thirteen fish samples and on an
ignition loss basis in eight sediment samples. Levels of PCN and pPCB were both low in fish and
sediment from background areas. Fish {from an industrialized coastline in Bothnian Bay also showed
background levels although these have previously shown elevated PCDD/F levels. One fish sample
from Lake Vinern had elevated PCN levels but low pPCB levels. Two fish from Lake Kyrksjon and
two sediments from Lake Jarnsjon showed both high PCN and high pPCB levels. These two lakes
both have recycled paper plants upstream that are known 10 have released large amounts of PCB into
the aquatic environment. Differences in PCN and pPCB levels can probably be attributed 10 different
sources for these two groups of substances. No differences were scen in partitioning of PCN and
pPCB in fish liver and muscle on a lipid weight basis.

INTRODUCTION

In addition to polychlorinated dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF), the Swedish
Dioxin Survey includes analyses of dioxin-like substances such as the non-ortho polychlorinated
biphenyls (pPCB}) 3,3',4’ 4>-tetrachlorinated biphenyl (IUPAC 77), 3.3,4,4",5-pentachlorinated biphenyl
(TUPAC 126), 3,3'4,4"5,5-hexachlorinated biphenyl (IUPAC 169) and polychlorinated naphthalenes
(PCN). Previously we have analyzed a number of biological and sediment samples for pPCB and PCN
(Asplund et al., 1990). In this study. additional sediment and fish samples were analyzed for pPCB
and PCN to further investigate the concentrations and profiles of these substances and to ry to
identify sources. Muscle and liver samples from the same fish were also analyzed to compare
partitioning in these tissues. These pPCB and PCN results are compared to PCDD/F resulis for the
same samples (Kjeller et al., 1990; de Wit et al., 1990a; de Wit et al., 1990b) and also to previous
pPCB and PCN results.

MATERIALS AND METHODS

Four sediment samples were collected at three sites on Emén river by the local authorities of Kalmar County: one surficial
and on¢ deep sediment sample (9-10 cm) from a PCB-contaminated lake (Lake Jarnsjon), onc surficial sediment sample
taken upstream of Lake Jirnsjon (Sj ) and one d of Lake Jirnsjan (Gronskogssjon). Surficial sedi

samples were collected by the Physical Geography Department, University of Umch, at four sites along the Dala river from
its origins in the mountains to ncar its mouth isto the Baltic Sea. The lower end of this river is heavily industrialized. The fish
samples werc obtained via the Swedish Muscum of Natural History, Swedish Environmental Protection Agency and Kalmar
County authoritics. Pike were collected from Lake Kyrksjon (PCB contaminatcd), Lake Storvindeln (background) and from
the northern and southern end of the highly industrialized Lake Vanern. Burbot samples were collected from Torne river
(Pajala-background) and from Etukrunni and Seskar (ncar large industries), situated in Bothnian Bay. All samples were
composites of 4-6 individuals except for the samples from Lake Kyrksjon. Sediment samples were extracted according to
Jensen et al. (1977). Ignition Joss was determined after heating to 550°C for 3 hours. The fish samples were homogenized and
extracted and lipid weight was determined according to Jensen et al. (1983). After extraction the samples were cleancd-up,
fractionated and analyzed according to Haglund et al. (1990), with some minor modifications. The method includes sulfuric
acid/n-hexanc partitioning, gel permcation chromatography, high performance liquid chromatography fractionation using a 2-
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(1-pyrenyhathyldimethylilylated -ilica colwnn and snalysis for pPCE aud PON using gas chromatography/muns spectrametry
(GC/MS) according 1o Asplund et al. (1990). Allresults are avisilable on an on-line database (Strandedl, 1940),

RESULTS AND DISCUSSION

The results of the analyses are presented in Tables 1 and 2. The labelling of PCNs is according to
their degree of chlorination (Te=tetra, Pe =penta, Hx =hexa, Hp=hepta) and elution order (a,b.c etc)
on a 5% phenyl mcthyl silicone GC column. The lowest levels of PCN and pPCB are secn in the pike
from Lake Storvindeln and in all the burbot samples. Lake Storvindeln is a pristine mountain lake
that is used as a background station within the Environmental Monitoring Programme. {1 probably
receives contamination via the atmosphere. This sume pike sample has been analyzed for PCDD/F
and the levels were very low (de Wit et al., 1990b). Burbot samples from Pajala also come from a less
disturbed area. The other two pairs of samples come from burbot collected in an area affected by
industries (steel factory, pulp bleaching). There are no differcaces in the burbot samples based on
collection site indicating that there is probably no ltarge source of PCN or pPCB in this area. The
burbot samples near the industriatized area do contain high levels of dioxins however (de Wit et al,
1990a), indicating that there is a source for these substances (Table 1). The major PCN congeners
found in these samples are FeCN(a), PeCN(c) and HxCN(a) and JUPAC 77 is the major pPCB with
levels twice those of TUPAC 126.

Pike samples from the southern (Vassbotten) and northern end (Kattfjorden) of Lake Vinern are
very dilferent from each other. PCN and pPCB levels in the Vassbotten samples are 4-3 times
background levels while the samples from Kattfjorden have PCN levels 100 times background levels.
The predominant congener is HxCN(a). Vassbotien and Kattfjorden have similar pPCB levels with
IUPAC 77 levels equal to IUPAC 126 levels. The pike from Vincrn have also been analyzed for
PCDD/F (Kjeller ¢t al,, 1990). PCDD/F levels are very high in Kattfjorden (Table 1). There are
several possible sources for PCN and PCDD/F at the northern end of the lake including a bleached
pulp plant and a chemicals manufacturer.

Liver and muscle samples from the same individuals show very similar pPCB and PCN levels (lipid
weight basis) in pike and burbot. This is in agreement with cod 1nuscle and liver analyzed previously
(Asplund et al, 1990). A similar relationship has been shown for PCDD/F (de Wit et ai. 1990b).

The pike sumples from Lake Kyrksjon have PCN levels 50-60 times background levels and pPCB
levels 40-50 times background. The major PCN is PeCN(c) and IUPAC 77 dominates the pPCB with
levels 10-15 times that of ITUPAC 126. Previously, a pike sample from Lake Jarnsjon on the Eméin
river was analyzed for PCN and pPCB (Asplund et al., 1990) and the levels are comparable to those
from Lake Kyrksjén. The sediment samples from Emin river show low levels of both PCN and pPCB
upstream of Lake Jarnsjon, and very high levels of both groups at 0-1'cm and 9-10 ¢m in Lake
Jérnsjon. The pPCB levels are the same in both Jarnsjon samples but the PCN levels arz 4-5 times
higher at 9-10 cm depth. This indicates a constant source of PCB over time but a differ=nt source of
PCN that has been reduced over time. The sediment sample taken downstream has a similar paitern
of PCN and pPCB as Lake Jirnsjén but levels are ten times lower. The pike (de Wit et al., 1990b)
and sediment samples (unpublished results) from Lake Jirnsjon have been analyzed for PCDD/F. For
pike the NTEQ is 55 pg/g lipid. NTEQ values for sediment samples are given in Table 2. The
PCDD/F levels are fairly similar in all four sediment samples. Both Lake Jirnsjén and Lake Kyrksjén
are contaminated by PCBs from nearby recycled paper plants.

Sediment samples from three sites on the Dala river contain no PCN and very liule pPCB. However,
the sample from Hedesundafjiirden does contain PCN. The stretch of the river from Hoaran 10
Hedesundafjarden has numerous industries which could be sources of PCN. The PCDD; F levels in
these samples follows a similar pattern with low levels in the three upstream sites and kigher levels at
Hedesundafjarden (Kjeller et al, 1990).

These results indicate that there are different sources for PCN, pPCB and PCDD/F and that low
levels of one group of conmaminants do not necessarily mean that the others are not present. This cun
create problems when calculating the toxic potential of contaminants in samples. Fig. 1 illustrates this.
For some biologica) samples, PCDD/F are major contributors 1o the toxic potential expressed as
TCDD equivalents. But for the majority, pPCB contributes more. The toxic potential of PCN is suill
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Table 1. PCK ond pPCB 1a tish samples given in n9/q lipid weight. skv 1D nr is the Swedish knvironmental Protection Agency
sampte identification number in the dioxin database. n 1s rmber of fish in cosposite. The labelling of PCHs is according to
their degree of chlorination (Tes=tetra, fezpenta, Hrzhexa, Hp=hepta) ard elution order (3,b,c elc). < or nd Means NOt detected a
this level. (1)-peak area has been integrated together with TefN(f) due to insufficient chromatographic separation. NA neans not
analyzed. PCDD/F MTEQ is 1CDD equivalents calculated according to the Nordic medel (Ahlborg, 1989). WIEQ values are given in pgs
Lipid and are Taken froa Kjellec et al., 1990; de Wit et af, 199ua; 1990u. Paired muscie and Liver samples taken from tre same
individuals are indicated by boxes.

T T r =1 — f —
Species Pike |Pike Pike |pike Pike | Pike Pite [Burbot  Burbot| {Burbot Burbot| Burbot  Surbot|
Tissue wuscle |muscle  Liver| |muscle liver| muscle muscle |tiver suscle| fliver nuscle] |liver Busclef
[ F I J 1 ] S i
vater body Lake Lake Lake Lake Lake Lake Lake Bothnian Bothnian TYorne Torne  Bothnian Sothnian
Stor- Vanera  Vanern Vanern  Vanern  Kyrksjon Kyrksjon Bay Bay River River Bay Bay
Place vindeln Katt- Katt- vass- Vass- Ctuk- Etuk- Pajala Pajala Seskaro Seskarg
fjorden fjorden botten botten runni runni

SNV ID ne 00025014 00025004 00025024 00025006 00025025 Pike 01 Pike 02 000465001 00045004 00065002 00065005 00065003 0065006
Lipid X 0.58 0.53 8.97 0.48 4.45 0.45 0.¢8 48.6 0.43 21.2 0.49 51.5 on

n 4 5 5 S 5 1 1 5 S 5 b 8 &
TeCH(D) 0.15 2.1 4.8 0.62 1.3 .S 5.4 0.1t 0.1 0.14 0.19 0.06 0.1
TeCN(b) 0.17 0.84 1.9 0.51 1.2 3.0 2.8 0.08 0.2 0.15 0.21 0.05 0.21
TeCN(c) 0.13 0.45 1.3 0.36 nd 2.4 2 0.05 0.15 0.12 0.15 0.03 on
TeCN(d) 0.13 0.37 1.1 0.1 nd 2.0 1.9 0.05 0.18 on 0.15 0.04 0.14
TeCH(e) nd(1) 0.28 nd (1) nd nd c.27 0.04 nd nd nd nd 0.08
TeCH( ) 0.1 0.30 nd 0.29 d 0.80 0.61 0.07 0.19 0.1 0.15 0.04 0.1¢
TeCN(g) .14 0.30 nd 0.31 g 0.51 0.43 0.04 0.17 0.10 0.16 0.03 0.13

Total TetN  0.83 4.7 9.0 2.t 2.4 1 1% 0.46 11 0.72 1.0 2 1.0
PeCl(a) 0.49 29 3 3.5 4.8 42 30 0.37 0.78 0.36 0.45 0.18 0.78
PeCN(b) nd 6.3 8.7 0.72 0.97 6.1 4.5 0.9 .21 nd nd 0.04 0.18
PeCN(c) 0.22 3.9 6.2 1.8 2.6 49 32 0.22 0.63 0.25 0.36 0.1 0.58
PeCH(d) 0.10 2.5 3.4 0.42 nd 3.7 3.2 nd nd 0.09 0.12 0.03 0.12
PeCiCe) .13 0.55 1.2 0.38 nd 6.3 5.0 0.05 0.18 0.0 0.1 .03 0.13
PeCH(f) 0.1 1.3 2.2 0.70 1.0 % 1 0.07 0.20 0.12 0.18 0.03 0.1¢
Peli(g) 0.10 1.2 2.2 0.54 nd .3 8.1 0.07 0.23 0.1 0.15 0.03 0.15
PeCN(h) 0.12 1.1 2.1 0.60 1.0 13 n 0.08 0.34 on 0.19 0.05 0.22

Total PeCN 1.3 4“6 &9 8.6 " 140 100 0.96 2.6 1.1 1.6 0.50 2.3
HxCN{a) 0.39 87 120 2.6 2.8 2.4 1.8 0.28 0.561 0.13 o.21 g.n 0.56
HRCN(b) 0.02 29 35 0.38 0.33 2.5 1.6 0.10 0.1 <0.02 <0.06 0.03 on
KxCN(C) <0.02 19 23 0.38 nd &6 3.0 0.19 0.27 <0.02 <0.06 0.05 0.23
HxCN(d) 0.05 7.8 8.6 0.53 0.58 «“.7 3.5 0.06 0.26 0.03 0.08 0.05 0.14
HxCN{e) nd 5.2 5.8 <0.05 nd 0.43 0.35 nd nd nd nd <0.01 nd

Total HxCN 0.46 150 190 3.9 3.7 15 10 0.62 1.3 Q.16 0.29 0.2¢ 1.0¢
RpCM(a) <0.1 8.6 16 nd na 0.05 Q.09 <0.04 <0.3 rd <0.3 <0.03 0.0
HPCN(b) nd 3 3.9 nd nd nd <Q_04 nd od nd rd n~d nd

Total PCN 2.6 210 290 15 17 170 130 2.0 4.9 2.0 2.9 0.98 LR
1AL 77 1.1 6.7 16 4.2 8.5 77 S5 0.43 1.0 0.89 0. 0.28 0.96
IUPAC 126 0.64 6.7 17 5.5 8.2 6.5 30 0.33 0.59 0.69 0.54 0.19 0.52
TUPAC 169 0.22 0.3 1.1 0.29 0.30 0.42 <0.15 <0.02 <0.0¢ <0.08 <0.04 <0.01 <0.02

Total pPCB 2.0 14 34 10 17 B34 58 0.76 1.6 1.4 1.4 0.47 1.5

PCDD/F WIEQ 40 1400 1700 90 200 NA NA 290 220 4 w0 170 125

10000

1900

TR N BG/G LIPD or IG

Kamt  Sowm  vol @aH €M Pam  Sem €40 “co o5l Dre

Fig. 1. Comparison of TCDD equivalents (TEQ) for pPCB and PCDD/F in fish and sediment. For PCDD/F the Nordic model
is used. Toxic equivalency factors for pPCB are averages of AHH and EROD enzyme induction reported by Hanberg et al.
(1990). These arc 0.001 for IUPAC 77, 0.15 for TUPAC 126 and 0.006 for IUPAC 169. Pike arc from Storvindeln (St). Kaufjord-
cn (Ka), Sandviken (Sa), Vassbotten (Va) and Jirnsjon (Em). Herring are from the Baltic (BaH), burbot from Etukrunni (&),
Pajala (Pa) and Seskard (Se). Sediment is from Emin river at Sjunnen (ES), Jarnsjon 0-1 cm (EJO), Jarnsjon 9-10 cm (E19),
Gronskogsjon (EG) and the Dala river at Grovelsjon (DGr), Silian (DSi), Hovran (DHo) and Hedesundafjarden (DHe).
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Table 2. PCN and PPCK in sediment samples given in ng/g ignition loss (16 X).

SNV 1D nr is the Swedish Environmental

protection Agency sample identification number in the diorin dotabase. nd @nans not detected. (1) means not integrated. for

explonation of PN labeliing see legend to Fig. 1.

PCDD/F MTEQ s TCOD equivalents colculated according to the Nordic model .

NTEQ values are given in pg/g IG X and values are taken from Kjeller et al., 1990 for Dala river. For Emdn river,
ungublished results.

River
Place

SNV 1D nr
16X

TeCH(b)
TeCH(c)
TeCn(d)
TeCH(e)
TecH(f)
TeCN(g)
Total TeCN

PeCHid)
PeCN(b)
Pecx(c)
PecN(d)
PeCN(e)
PeCN(f)
PeCH{g)
PeCi(h)
Total PeCH

HxCR(a}
HxCN{b)
HxCH(c)
HxCN(d)
HaCN(e)
Total HxCN

Total PCN
IUPAT 77
gpPAC 126
tupPaC 169

Total pPCB

PCDD/F NTEQ

£ndn
S junnen

03105004
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Shiayludi

RARRARR Soomi

w

(%3

Em3n Emdn £min Dale Dala Dala tala

Jarns jon Jarnsjon Gron- Grovel- Siljan  Hovran  Hedesunda-
01 ca 9-10 cm shkogssjon sjon fjérden
03105002 03105003 03105001 03205001 03205002 03205003 03205004
7 27 15 21 ? [ 12
28 100 3.3 nd nd nd 1.0
1% 67 2.2 nd nd nd .92
21 63 2.3 nd nd nd 1.0
3.3 13 nd nd nd nd nd
1 19 1.5 nd nd nd nd
41 190 4.9 nd nd nd 1.2
118 450 1% nd g nd 4
12 72 3.3 nd nd nd 5.7
2.2 nd(1) nd nd rd nd 1.6
21 130 4.2 nd nd nd 0.92
6.7 38 1.9 nd nd nd 1.3
13 82 2.9 nd nd nd 1.1
7 100 3.5 ~d ~d nd 1.2
16 88 3.4 nd nd nd 1.3
28 140 3.9 nd nd nd 1.5
85 s10 23 nd rad nd 13
1.9 2.9 2.1 nd nd nd 1.9
2. 3.7 nd nd nd nd 1.9
2.5 5.5 2.1 nd nd nd 2.0
1.9 5.2 0.93 nd nd nd 11
0.65 2.4 nd nd nd nd 1.8
9.1 20 5.2 nd nd rd 8.7
210 980 (¥4 nd nd nd 26
420 420 43 1.0 2.9 .8 2.1
3.4 3.5 1.7 nd n~d nd nd
0.06 nd nd nd nd nd nd
425 425 45 1.0 2.9 .8 2.1
130 35 3 13 37 19 180

being determined. Therefore it is very important to inciude not only PCDD/F analyses but also
analyses of dioxin-like substances such as PCN and pPCB.
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