
i>oi.Yc;iii.oi^iNAn:D DIUBNZO-C-DIOXIN AND IJIHI;NZOFUKAN ! . I ;VI;I^ AND PATIHI^NS 
IN FISH SAMI'LBS ANALYZED WITHIN Tlir. SWEDI.SII D10.XI.̂ J SURVEY 

C. de Wit, n. Jan.'ison, M. Sirandell, M. Olsson', S. Borgck', M. Bostrom' 
I'.-A. Bergqvist', C. Rappe' and O. Ajidersson' 

S[iccijl Analy t io l I.jlx)ratory, Swedish Environmental Pmlf t l ion Agency, S-171 s.̂  Si>ln,i; •En\'ironmcnl;il 
MniilKtrinp Prtjgrammc, Sv^-edish Museum of Natural Hi.slory, S-104 05 Slockhoim, ' inslilutc nl I :n\ i ronincmal ChcniiMrv, 

tJnivtrsily of Umc.l, S-Wl .S7 U m e l and 'N.ilional Fi»<l Adminislration, Ho\ (i22. S-751 Ifi Uppsala. 5-.>c(lcn 

AiiSTKACT 

The lipid weight levels of PCDD/F in sLxty-lhree fish samples hasc been untjiyzed using multivari^m-
sitiiisiicul methods (principal component analysis, SIMCA classification). The fish species represented 
include herring, pike, hurbot, whitefish, cod, trout and Arctic char. Collection sites represent the 
Htiliic I'roper (background station), hoi spots along the Swedish coast of ihc Bothnian Sea and 
Bdilinian liay, two large lakes with industries (luikes Vanern and Vattern), one pristine mountain lake 
(Lake Stoivindcin) and three rivers. PCDD/F patterns in pike, cod and liernng taken frorr, lhe saiiie 
area are different from each other indicating species differences. .Muscle and liver analyzed from the 
same individuals have similar I'CDD/F levels and patterns on a lipid weight basis. PCDD, F levels 
;ind patterns in herring and pike samples are significantly different from each other and all other fish 
samples indicating species differences in accumulation inde[)endent of collection site. Fall and spring 
Baltic herring are significantly differcnt from each other due to higher PCI5D/F levels in spring 
hening- Both fall and spring Baltic herring are significantly different from herring collected along the 
Swedish coast of the Bolhnian Sea based on pattern differences. 

INTRODUCriON 

The Swedish Fnvironmcntal Protection Agency is conducting a sur\'ey of the levels and sources ol 
ptilychlorinatcd dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF) and other dioxin-like 
substances into the environment (de Wit et al., mf<9)- I'isli samples have been collected for analvsis 
for a number of reasons including identifying "hot spots" and sources as well as studying biologictil 
differences based on species, age and geography- Muscle and liver samples taken from the same 
individuals have also been analyzed to determine if PCDD/F partition differenily in these two tissues. 
PCDD/F results from 63 fish samples were analyzed using multivariate statistics. 

MATERIA1.5 AND METHODS 

Muscle and liver .samples were composites of several individuals cxccpl in two cases (see Tabic 1). Herring {Clu:>ca li(irciii.in). 
whilcfrsh {Coregniuts sp.) and Iroul (Stiluw Inula) from the Swedish coast of the Bolhnian Sea were obtained from the 
National E-'cwd Administration. PiVc {Esni lucius) from Ihe E m i n river were obtamed from Ihe Kalmar Countv Authorit ies 
Prke from the Dala River and burbol {Lota Iota) samples were obtained by llic Ennronmcnia l Protection Agcnc-s. Herruig 
from lhe Karlskrona archi[)clago (Ulklippan) of Ihc Baltic Proper, Bolhnian Sea and Swedish west coast, pike from Lakes 
Vanern, Vattern and Storvindeln and from Utklippan, cod {Ciaddus morliua) from Ulklippan. Arctic char {Satve.'iiius ulpinii^) 
froii] Lake Vattern and whitefish from Lake Storvindeln werc obtained from the Swedish Museum of Natural History. S;implc 
exlraclion, work-up and analysis using high resolution G C / M S were according lo Bergnvisl et al. All results arc asailatile on 
an on-line dalaba-Se (Strandell, t9W)- Multivariate analysis was carried out using the S l R l l l S program (Pal te rn Recognilion 
Systems LTD, Norway). The dala were transformed by taking the logarithms of lhe lipid wcigtii values. 

RI'.SULIS AND DISCUSSION 

lhe results of the l'CDD/1' analyses for fish samples not previously published are given in Table 1. 
Results from herring samples with SNV ID numbers OOOIsOOl-OlO can be found in Bergqvist el ak 
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Results from pike samples wi th SNV ID nutiibeis ()002s003-011 can be iDimd in Kjeller el ; i l . (I'JOD). 
Results for herring stirnplcs wit l i SNV ID numbers OOOlsOI.'i-Or/, whtlefish with ID mini l ier (lllOSsOOf 
and arctic char with ID number (IIKLSsOOl ctin be found in Asplund et ;il- (IWO)- Results fm burbot 
liver samples with SNV ID numbers 00()fis()0I-0()3 can be found in tie Wit et til. (IOOO). 

In order to detemiine if there arc species differences in P C D D / F on a lipid weight bj-sis, priiiciptil 
components analysis (PC^A) was performed on pike, cod and herring taken ;it IJtkl i i i f ian in the 
Karlskrona archipelago (Balt ic Proper). I l ic analysis shows ihat although these three species have 
similar levels of I ' C D D / i ' on a lipid weight basis, the patterns are different although they come ftom 
the .same area. Tiiese samples have different patterns for the lower chlorinated furans indicti l ing 
possible differences in uptake and/or m.etabolism. 

PCA of muscle and liver samples from two cod, three burbot and six pike composites shows that tbe 
paired muscle and liver samples from each composite lie quite near each other. The major clustering 
is species-based with the paired pike samples forming one cluster, the paired cod samples forming ;i 
second cluster and the paired burbot samples a third cluster. Using the scotes from PCA, a 
correlation analysis can be made. This shows that both the levels and patterns of P C D D / I ' in nuiscle 
and in liver from the same individuals are correlated (p < 0.01) independent of species. 

PCA was performed on all the fish muscle sainples (n = .S2). The first principal component (PC) 
explains 40 % of the variance and represents the level of contamination. The second PC explains 
15 % of the variance and represents differences in chlorination paitern. The data divide inlo at leasi 
two clusters, one containing the herring samples and the other containing all the pike, whitefish, trout, 
cod and Arctic char. The burbot are possibly a separate group. S IMCA analysis (Wold et al., 1977) 
shows that herring and pike make two separate classes that are significantly difierent f rom each other 
and all other ftsh muscle samples (p < 0.05). 'I'his indicates possible species specific uptake and 
metabolism of P C D D / F as well as differences in contamination levels because of different habitats-
Herr ing are pelagic fish whereas pike arc demersai 

PCA of the herring samples (n= 18) results in three distinct clusters: Baltic herring caught in the fall, 
Baltic herring caught in the spring and Bothnian Sea herring caught in the spring. The first PC 
(contamination levels) explains 71 % of the variance and separates the fall from the spring Baltic 
herring. The second principal component (chlorination pattern) explains 10 % of the variance and 
separates the Baltic herring from the Bothnian Sea herring. The variahles that are most important for 
this separation are 2.3,7,8-TeCDD and 2,3,7,R-TeCDF. This difference is probably explained by the 
presence of industries including pulp mills along the Swedish coast of the Bothnian Sea. SIMCA 
analysis show's that the three herring groups are significantly different from each other (p < 0.0^). 
Only one herring sample was available from the Swedish west coast- l i t i s sample does not fall into 
any of the three cla.sses. 

PCA was performed on the pike muscle samples (n = 23). The firsi PC explains 50 % of the variance 
(contamination levels) and the second PC explains 8 % of the variance (chlorination pattern). 
Samplcs from Lakes Vanern and Vattern build two overlapping groups that are not separable. The 
Lake Vattern samples cluster closer together, indicating a more homogeneous contamination, while 
the pike from Lake Vanern are more widely dispersed and show a definite contamination level trend-
Specifically samples from the northern end of the lake are the most highly contaminated. The 
variables most important for this contamination are 2,3,7,8-TeCDD and 2,3,7,8-TcCDF. The reasons 
for this have been discussed in Kjeller et al. (1990). Paper bleaching plants are located at the 
northern ends of both lakes. 

Generally, the differences seen in this PCA indicate that the main factor separating the other pike 
samples is differences in exposure. The pike from Lake Storvindeln and at the lower end of Eman 
river have very low P C D D / F levels and two pike samples from Utk l ippan also fall close to these two 
samples. These samples are separated from the main group along the first PC and thus represent 
background levels. The sample from Lake Jarnsjon on EmJn River separates from all other pike 
samples. Lake Jarnsjon has been contaminated by large amounls of polychlorinated biphenyls released 
by a recycled paper plant. The sample from the lower end of the Dala River falls partway between 
the sample from Lake Jiirnsjon and the samples from Lakes Viinern and Vattern. This part of the 
Dala River has various kinds of industries. 
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A number of fish samples are cuirenily being analyzetJ. Tliesc represent several (jiher species and 
geographical locations. The resuhs from these samples wil l ;ilso be presented. 
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