
Haakon Hop, Kjetil Sagerup, 
Martin Schlabach, and Geir Wing Gabrielsen 

Persistent Organic Pollutants in Marine 
Macro-benthos near Urban Settlements in Svalbard; 

Longyearbyen, Pyramiden, 
Barentsburg, and Ny-Alesund 

Norsk Polarinstitutt 

INTERNRAPPORT 

Nr.8 Tromsø 2001 



Addresses 

Haakon Hop, Kjetil Sagerup, and Geir Wing Gabrielsen, 

Norwegian Polar Institute, 

Polar Environmental Centre, 

N-9296 Tromsø, 

Norway 

Martin Schlabach, 

Norwegian Institute for Air Research, 

Box 100, 

N-2027 Kjeller, 

Norway 

©Norsk Polarinstitutt, Polarmiljøsenteret, N-9296 Tromsø 

www.npolar.no 

Technical editor: 

Design: 

Photos: 

Printed by: 

ISBN: 

Gunn Sissel Jaklin 

Jan Roald 

Haakon Hop 

Norwegian Polar Institute, September 2001 

82-7666-183-1 



Internrapport nr. 8 

Haakon Hop, Kjetil Sagerup, 
Martin Schlabach, and Geir Wing Gabrielsen 

Persistent Organic Pollutants in Marine 
Macro-benthos near Urban Settlements in Svalbard; 

Longyearbyen, Pyramiden, 
Barentsburg, and Ny-Ålesund 

Norsk Polarinstitutt er Norges sentrale statsinstitusjon for kartlegging, miljøovervåking og forvaltningsrettet 

forskning i Arktis og Antarktis. Instituttet er faglig og strategisk rådgiver i miljøvernsaker i disse områdene og 

forvaltningsmyndighet i norsk del av Antarktis. 

The Norwegian Polar Institute is Norway's main institutionfor research and topographic mapping in the 
Norwegian polar regions. The Institute also advises the Norwegian authorities on matters concerning 

polar environmental management. 

Norsk Polarinstitutt 2001 

3 



TABLE OF CONTENTS 

Preface 5 

Abstract 6 

Introduction 7 

Town settlements in Svalbard 8 

Persistent organic pollutants 8 

Material and methods 9 
Sampling area 9 

Sampling 10 

Preparation prior to analysis 10 

Chemical analyses 10 

PCBs and PAHs 10 

Clean-up 10 

Quantification 11 

Quality control 11 

Compounds analysed 11 

Stable isotopes 12 

Data treatments and statistics 12 

Results 12 
Persistent organic pollutants 12 

Stable isotopes 13 

Between fjords 14 

Within fjords 16 

Discussion 17 
Organic pollutants in marine food chains 17 

Environmental quality of the fjords 18 

PAHs 18 
HCB 18 

PCBs 19 

PCB profiles 20 

Conclusions 20 

Acknowledgements 21 

References 22 
Appendices 24 

4 



Preface 

The govern mental white paper number 22 (199 4-9 5), 
E nvironmental conservation in Svalbard 
(Milj øvern departementet 199 5) , states that Svalbard 
should be one of the best managed wildern ess areas 
of the word. Proper environmental management includes 
investigations of waste management from settlements and 
the spread of contaminants in the environment. 

The Governor of Svalbard has mapped both old an d 
ex isting garbage dumps in Svalbard (Hansen el al. 199 8) 
and measured contaminants at some sites (Sørlie el al. 

1999 a, b, c, d) . The pollutant reports conclude that new 
surveys should be done in selected areas. In this survey 
we ex amined the marine biota near urban settlements 
in five fjords in Svalbard. Sampling was done in the 
vicinity of old garbage dumps and sewage outlets. The 
sampling was done at different distances from settlements, 
including remotely located stations at the mouths of 

Isfjorden and Kongsfjorden. Polyaromatic hydrocarbon 
(PAH) , hex achlorobenz ene (HCB) , and polychlorinated 
biphenyl (PCB) concentrations were measured in seven 
species of macro-benthos and fish in the fi ve fjords on 
Spitsbergen. W e  evaluated whether elevated contaminant 
levels originated from local sources or from long-range 
transport. 

The Norwegian Polar Institu te (NPI) performed the 
survey reported here, whereas a co-ordin ated proj ect was 
undertaken by Akvaplan-niva (Apn) (Cochrane el al. 

2001) . The Norwegian Institute for Air Research (NIL U) 
performed the analyses of environ mental pollutants and 
the Institute for E nergy Technology, Kj eller, analysed for 
stable isotopes. 

Tromsø, l Sept., 2001 
Haakon Hop 
project leader 
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Abstract 

The contribution of local sources of pollution to 
the contaminant concentrations in macro-benthos was 
evaluated for different fjords on Spitsbergen (Svalbard) . 
Samples were collected at various distances from 
suspected point sources in: Billefjorden and Grønfjorden, 
with respective Russian towns Pyramiden and 
Barentsburg; Adventfjorden and Kongsfjorden, with 
respective Norwegian towns L ongyearbyen and 
Ny-Alesund; and the mouths of Isfjorden and 

Kongsfjorden as control stations. Seven species of 
invertebrates and fish were analysed for persistent 
organic pollutants of polyaromatic hydrocarbon (PAHs) , 
hex achlorobenz ene (HCB) and polychlorinated biphenyl 

(PCBs) , as well as stable isotopes of carbon (ol3C) and 
nitrogen (oISN) to q uantify trophic leveIs. 

L ocal input of both PAHs and PCBs seerned to be 
present for the Isfjord system (Billefjorden, Grønfjorden, 
Adventfjorden and outer Isfjorden) and to a lesser degree 
for Kongsfjorden. There were no indications that HCB 
has local sources, since the concentrations measured 
were close to background leveIs. The concentrations 
of PAHs and PCBs were higher close to the 
settlements in Billefjorden, Grønfjorden, Adventfjorden, 
and Kongsfjorden. The distribution of some of the PCB 
congeners differed between fjords, in that Billefjorden 
and Grønfjorden were significantly different from 
Adventfjorden, Isfjorden, and Kongsfjorden. The most 
important differences were between fjords with Russian 
versus Norwegian settlement, and the characteristic 
congener profiles probably arise because of local 
pollution from these settlements. 

Longyearbyen 

NY-Ålesund 

Pyramiden 

6 



Introduction 

The obj ect iv e  oft his stu dy was t o  ev alu at e  t he 
c ontr ibuti on of l oc al sourc es of pol lut ion t o  t he 
c ontamin ant c onc entr at ions in t he mar in e biot a n ear 
ur ban settl ement s in Sv al bar d. The stu dy c onst itut ed a 
c ont amin ant su rv ey of mar ine macr o-bent hos in fjor ds 
on S pit sberg en, inc l uding :  Bil l efjor den and Gr øn fjor den , 
which h av e  Ru ssian settl ements; Adv entfjor den and 

Kong sfjor den , with Nor weg ian sett lemen ts; and the 
mou ths of Isfjor den and Kong sfjor den as c ontr ol st at ions. 

This is th e fir st stu dy that in clu des measur ement s  of 
contamin an ts in mar in e macr o-ben thos and fi sh n ear t hese 
settlement s. 

S ampl ing station s wer e pl ac ed near known g ar bag e  
du mps, sewag e ou tl et s, and har bour s. S ampl es wer e 

c ol lect ed at incr easing dist anc e  fr om su spec ted point 
sour ces. S ev en species of inv ert ebr at es and fi sh wer e 
analysed for per sisten t  org anic pollu tants of pol yar omat ic 
hydrocar bons (PAHs) , hex ac hl or obenz en e  (HCB) an d 
polychl or in at ed biphen yl s (PCBs) , as wel l as st able 
isotopes of c ar bon (buC) and nitr og en (biSN) t o  qu an tify 
tr ophic l ev eIs. 

Contamin ant s fou nd in Arct ic sediment s and biot a 
or iginat e fr om t wo types of sourc es, r emot e  and l oc a! .  Our 
knowl edg e of c ont aminant sourc es has incr eased dur ing 
the last 10-15 year s. Most of the contaminants foun d 
in the hig h Ar ctic c ome fr om the denser popul ated and 
in du str ial ised ar eas of t he wor d, i. e. at l ower l at itu des 

( AMAP 199 8) . The contamin ants ar e distr ibut ed g loball y 
and ar e tr an sport ed to the Arc tic by air ,  oc ean c urr ent s 
and sea ic e (Oehme 199 1; Bal lschmit er 199 2; Iwat a et 

al. 199 3; Pfir man et al. 199 5) . The Per sistent Org anic 
Pollut ants (POPs) descr ibed hav e low wat er solu bil it y 
bu t hig h vapour pr essur e, which make them su itable 
for bon ding to particl es and for air tr ansport (Oehme 
19 91; Ballsc hmiter 199 2) . The atmospheric tr ansport 
can be su b-divided into sing e and mu lti-hop pathways. 

The mu lti-hop pat hway involv es r epeated ent ering in to 
of the atmosphere wit h redeposit ion bac k t o  land; 
it is also known as global distillation. It applies t o  
most org anochlor ines (OCs) and man y polyaromatic 
hyd rocar bon (PAH) components ( AMAP 199 8) . Col d 
conden sation and fall ou t from cold Arctic air mas ses is 
thoug ht t o  be the most important input -pat hway of the se 
compoun ds t o  Ar ct ic environments (W ania & Mackay 
19 93) . 

Since t he ear ly 1980s, indications for atmospher ic 
long-rang e tr ansport ev ents of semi-v olatile or ganic 
compou nds (S OC) have been described for the S val bard 
region (Oehme 199 1; Oehme et al. 199 6a, b) . El evated 
level s of PCBs and chlor dane have been observ ed, bu t in 
later years t he concentr at ions of airbom e or ganochlor ines 
have been r el atively stable, indicating a continu ou s but 
low inpu t  of these chemicals to the atmospher e in the 
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Ar ct ic .  Howev er ,  ever y year sev er aI atmospher ic l ong
r ang e  tr anspor t ev en ts ar e r epor ted, showing that u nder 
f av our abl e meteor ol og ic al an d temper atur e c on ditions, the 
at mospher ic tr an spor t  of l arg e amou nts of pollu tan ts c an 

t ake pl ac e  within a few days fr om the c en tr al Eur opean 
sourc e ar eas int o t he Arct ic (AMAP 199 8) . 

The l oc al inpu t of c ont aminants to t he mar ine 
env ir on ment pr esurn abl y  or ig inates fr om t he mining 
in du str y, g arbag e du mps, or fr om sewag e outl ets. S eepag e 
fr om g ar bag e  du mps c an c au se l oc al c ontamin at ion of 

l and and mar ine sediments, depending on t he t ype of 
waste deposited. Old an d ex isting landfil ls r epr esent 
potent ial point sour ces for both PCBs and PAHs (Skei 
199 3; Hansen et al. 199 8) , bu t there ar e no known point 
sourc es for HCB. Ther e  ar e r epor ted some smal l amou nts 
of PCBs in the gr ou nd ar oun d a l andfill  in Kong sfjor den, 
at the hel ic opt er base in Gr ønfjor den, and at the fi re 

tr aining ar ea in Adv ent fjor den (S ørlie et al. 1999 a, b, c, 
d) . In t he past, tr ansformer s fil l ed with PCB-containing oil 
wer e u sed, and it is likel y that some of these tr ansfor mers 
wer e du mp ed on l an dfill s (Kov acs 199 6) . In mar ine 
sediment s out side the har bour ar ea in Kong sfjor den, 
moder at e PCB l evel s hav e been fou nd (Ol sson et al. 

199 8) . 

Pot ent ial poin t sourc es of PAHs ar e the coal-fir ed power 
pl ant s l oc ated in L ong year byen, Bar entsbur g, Kapp Heer, 
and Pyr amiden, c ombu stion pr odu ct s from engines (su ch 
as l arg e diesel g ener ator s) as well as oil spilIs. E lev ated 

l ev els of PAHs wer e fou nd in mar ine sediments near the 
NY -Å lesu nd depot, and these wer e mainly attr ibu ted to oil 
c ontaminat ion, most l ikely du e to leakag e fr om oil tanks 
or damag ed pipes (S kei 199 3) . 

Most of these contaminants ar e lipid solu ble and 
become str ongl y bou nd to lipids in or ganisms. Arctic 
mar in e org an isms g enerally contain l arge amou nts of 

lipids, which represent seasonally stored energy (Falk
Pet ersen et al. 199 0) . The biot ic transport of lipid -bou nd 
c on taminant s may be impor tant on Ioc al scales and 
ev en on mor e reg ional scales for migr atory an imals 

(Ballsc hmit er 199 2) . 



Town settlements in Svalbard 
Th e t own settl ement s in Sv al bar d wer e est abl ish ed 
dur ing th e fir st h al f  of th e 20-c entur y wh en int en sifi ed 
c oal min ing st art ed (Hisdal 199 8) . Th e c oal pr oduct ion 
r each ed about 300 000 t onn es annu al l y dur ing th e per iod 
of 19 25-19 29 . Th e ov er wint er ing hu man popul at ion was 

th en about 600 (Hisdal 199 8) . Th e pr oduct ion of c oal 
h as been v ar iabl e  dur ing th e l ast c entur y with a peak in 
th e mid-19 80s wh en th e t ot al pr oduct ion fr om Ru ssian 
an d Nor weg ian min ing r each ed about l mill ion t onn es. 

Th e t ot al pr oduct ion of c oal was in 199 8  about 500 000 
t onn es. 

Th e ov er wint er ing hu man popul at ion h as v ar ied with th e 
c oal pr oduct ion ,  alth ough th e Nor weg ian popul at ion h as 
r emain ed st abl e in spit e of r educ ed c oal pr oduct ion dur ing 
l at er year s. Th is is c onn ect ed t o  an incr ease in ot her 
act iv it ies suc h  as t our ism, sch ool an d un iv er sit y  act iv it ies, 
an d sc ient ific r esearch . Th e Nor weg ian popul at ion was 
about 1300 (9 0 % in L ong year byen ) dur ing th e wint er of 
199 8  (Hisdal 199 8) . The Ru ssian act iv it ies an d r esident 
popul at ion h av e  r ec entl y be en decl in ing . Th e sc hool s an d 
day-c ar es wer e c l osed in 199 4  r esult ing in an ex it of 
women an d ch il dr en fr om th e soc iet ies. Th e Ru ssian 
popul at ion c ount ed about 800 in Bar ent sburg an d 600 
in Pyr amiden dur ing th e wint er of 199 8  (Hisdal 199 8) . 
Pyr amiden was cl osed in March 199 8, an d th er e  is 
curr entl y n o  min ing act iv it y  in th is t own (Gov ernor of 
Sv al bar d Offic e, per s. c omm. ) .  

Persisten t organic pollutan ts 
Per sist ent org an ic pol lut ant s (POPs) ar e org an ic ch emic al s  
th at degr ade slowl y in th e env ir on ment . Th ey in clu de 
bot h in du str ial ch emic als, such as pol ychl or in at ed 
biph en yl s (PCBs) , h ex ac hl or obenz en e  (HCB) , chl or in at ed 
pest ic ides (suc h as DDT, chl or dan es, h ex achl or o

cyclohexanes [HCHs J, aldrinldieldrin, polychlorinated 

bom an es [t ox aphen e] )  an d in du str ial by-pr oduct s such 
as pol yc hl or in at ed dibenz o-p-diox in s  (PCDD s) , 
pol yc hl or in at ed dibenz ofur an s (PCD Fs) , pol ybr omin at ed 
biphen yl s  (PBBs) an d pol ybr omin at ed diphen yl eth er s  
(PBDE s) (Mu ir et al. 199 2) . Most of th e se c ont amin ant s 
wer e dev el oped an d pu t int o  pr oduc tion mor e th an 
50 year s ag o. The hig hest pr oduct ion an d u se of 
most of t hese c ont amin ant s was dur ing t he l at e  19 60s 
an d earl y 19 70s (AMAP 199 8) . Howev er , t he u se of 
env ir on ment al l y haz ar dou s ch emic als in t he Sv albar d  
in du str ies or societ y is n ot l ist ed in an y ov erv iew. Th e 
pr oduct ion an d use of most c hlor in at ed c ompoun ds l ist ed 
abov e  wer e st opped in Eur ope an d Nort h Amer ic a in t he 
19 80s an d 199 0s. S ome pest ic ides (suc h as DDT an d 
t ox aph en e) ar e stil l  being pr oduc ed an d u sed in Asia, 
Afr ic a, S out h Amer ic a an d in some east em Eur opean 

c ountr ies ( AMAP 199 8) . 

The pr esenc e of ant hr opog en ic c hlor in at ed c ont amin ant s  
in t he Arct ic ,  espec ial ly in th e mar in e env ir on ment , has 
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been docu ment ed in th e l it er atur e sinc e th e 19 70s (AMAP 
199 8) . POPs wer e  th en r eport ed in sev er aI Arct ic spec ies 
of mar in e  mammal s an d seabir ds, such as seal s (Hol den 
19 72) , pol ar bear s Ursus maritimus (Bowes & J on keI 
19 75) an d gl auc ou s  gull s Larus hyperboreus (Bog an & 
Bou m e  19 72; Bou m e  & Bog an 19 72) . Th e c onc ern about 
l ev el s  of pollut ant s in th e Arct ic incr eased with th e 
c ompr eh en siv e  surv eys per for med in th e 19 80s an d 199 0s 
(AMAP 199 8) . Org an ochl or in es h av e  al so r ec entl y been 
measur ed in sev er aI mar in e org an isms fr om th e Sv al bar d 
ar ea, but most l y  in th e u pper tr oph ic l ev eIs; seabir ds, 
seaIs, an d whal es (D ael eman s  et al. 199 3; S av in ov a  et al. 

199 5; An der sen et al. 2001) . 

S inc e man y of th e org an ochl or in es ar e h ighl y l ipoph il ic 
an d per sist ent , th ey t en d  t o  bioaccu mu lat e  in l ipid-r ic h 

t issu es of org an isms. Mar in e inv ert ebr at es an d fi sh es 
t en d  t o  t ake u p  th ese pol lut ant s dir ectl y fr om seawat er or 
part icl es in seawat er (bioconc entr at ion ) ,  but th ey al so g et 

th em fr om t heir food sourc es when OCs ar e tr an sferr ed 
fr om pr ey t o  pr edat or (biomagn ific at ion ) .  

Th e t er m  PAH g en er al l y inc lu des al l ar omat ic 
h ydr oc ar bon s th at c ont ain thr ee or mor e benz en e  r ing s, 
but di-ar omat ic c ompoun ds ar e oft en al so inclu ded 

( AMAP 199 8) . PAHs ar e g en er al l y for med dur ing h igh 
t emper atur e bu m ing of org an ic mat er ial ,  l ow t o  moder at e 
t emper atur e tr an sfor mat ion of org an ic sediment t o  fossil 
fueIs, an d by dir ect biosynth esis by pl ant s, bact er ia, 
an d fung i. PAHs ent er th e air mostl y as r el eases fr om 

v olc an oes, for est fir es, an d th e bu m ing of fossil fu eIs. 
It h as l ow wat er solu bil it y  an d is of t en att ach ed t o  du st 
part ic l es in air . 

Biol og ic al effect s fr om PAHs ar e depen dent u p  on siz e an d 
structur e of th e mol ecul es. Th e 2-3-c ycl ic PAHs c an c au se 
acut e t ox ic it y  for aqu at ic org an isms. Th e 4-7-c ycl ic PAHs 

h av e  n o  acut e t ox ic it y, but some ar e c ar cin og en ic .  Gr eat er 
than 7-cyclic PAHs generally show neither acute toxicity 

n or c arc in og en ic act iv it y  (AMAP 199 8) . PAHs t en d  t o  
bioaccu mul at e, but t hey g en er al l y do n ot biomagn ify 
in food c hain s. Most v er tebr at es hav e  some c apac it y 

t o  met abol ise PAHs, an d fi sh t en d  t o  h av e  l ower 
c onc entr at ion s  of PAHs t han th eir inv er tebr at e pr ey 
spec ies. Howev er , t he metabol ites ar e g en er all y  mor e 
dang er ou s  t han t he mot her compoun d, an d th ey may hav e 

c arc in og en ic or mut ag en ic effects ( AMAP 199 8) . 

HCB has been u sed as a fung ic ide an d is al so a 
by-pr oduct fr om in du str ial pr oc esses. It is kn own t o  
be per sistent , carc in og en ic, an d acut el y t ox ic t o  mar in e 
org an isms. The con centr at ion ofHCB is l owest at t he 

l owest tr ophic lev eIs, an d it in cr eases u p  t hr oug h th e food 
c hain , alt houg h t o  a l esser ext ent t han PCBs. 

PCBs ar e mixtur es of chlor in at ed hydr oc ar bon s th at hav e  
been ext en siv el y u sed sin ce 1930 for man y in du str ial 
pur poses suc h  as diel ectr ic ftu ids in tr an sfor mer s an d 

l arg e c apacit or s, heat ex chang e ftu ids, ft ame r et ar dant s, 



paint additiv es, and as compou nds in car bonless copy 
paper and plastics (Fisher 1999 ) .  Ther e ar e 209 possible 
PCB cong ener s, of which abou t 100 hav e  been fou nd 
in biolog ical samples (McFar land & Clar ke 19 89 ) .  
S ediments ar e known to be a sink for PCBs, which 
may be r esu spended in the water colu mn and tr anspor ted 
to differ ent ar eas by curr ents. PCBs ar e known to 
bioaccu mu late and biomag nify str ong ly in mar ine food 
chains, and hig h concentr ations hav e been fou nd in top
pr edator s  su ch as the polar bear (e.g . Bem hoft el al. 

199 7 ) . PCBs hav e been linked to impair ed r epr odu ction 
and immu nosu ppr ession. 

Material and methods 

Sampling area 

S ampling was per for med at differ ent distances fr om 
known old du mping sites and sewag e ou tlets. In each 
fjor d, sampling locations wer e chosen at differ ent 
distances fr om ex pected sour ces: near the sour ce (50-100 
m) , inter mediate (2-5 km), and r e  mote fr om the sour ce 

(l0-100 km) . The r emote stations wer e  at the mou th 
ofIsfjor den (Il) and at the mou th of Kong sfjor den 

(K2) (Fig s. 1,2) . These stations fu nctioned as r efer ence 
stations, and wer e  assu med to hav e  backg rou nd lev els of 
org anic pollu tants. Both the se stations wer e har d-bottom 
locations, with sloping , ter raced bedr ocks cov er ed with 
keIp. Ther e wer e  r ocks and bou lder s, which serv ed as 
hiding places for fish, and some ar eas of pebbles and 
softer sediments. 

Figure l. Sampling stations in Adventfjorden (A 1-4), Billefjorden 
(B 1-4), Grønfjorden (G 1-3) and Isfjorden (J l )  on Spitsbergen 
(Svalbard). 
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Figure 2. Sampling stations in Kongsfjorden (K 1-2) on Spitsbergen 
(Svalbard). 

In Adv entfjor den (Fig . 1) , a station was located near 
the old g ar bag e  du mp in L ong year byen (A2) , near the 
ex isting sewag e ou tlet ( A4) , near the new dock and 
the power plant (Al) , and at some distance fr om the 
settlement near Adv entpynten ( A3) . The bottom near the 
old g ar bag e  du mp as well as near the ex isting sewag e 
ou tlet consisted of soft sediments. The main sewer pipe 
was cr ossed, bu t org anisms attached to the pipe itself 
were not collected. The ar ea in the v icinity of the power 
plant also consisted of soft fine sediments, bu t the pipeline 
to the power plant fu nctioned as a su bstr ate for har d
bottom fau na, which was collected. The bottom near 
Adv entpynten dr opped steeply fr om the shor e and ther e 
was a weak tidal curr ent g oing into the bay. The bottom 
su bstr ate was mediu m-fine sediments ov er pebbles and 
ther e wer e ar eas of keIp, althoug h most seern ed to be 
dr ifted and not attached to the su bstr ate. 

In Billefjorden (Fig . 1), one station was placed at the 
dock (B3) , cIose to the power plant (B2) , near the g arbag e 
du mp of Pyramiden settlement (Bl) , and one station ne ar 
the bay at Ygg drasil (B4) . The dock in Pyr amiden is 
bu ilt of log s, which functioned as a har d  su bstr ate for 
org anisms. The main har bour between the power plant 
dock and the main dock was cov ered by soft sediments, 
and dr ifting keIp was pr esent in depr essions. The location 
near the g ar bag e  du mp (abou t 300 m fr om it) was cov er ed 
by v ery fine r eddish-br own sediments, mainly becau se of 

r iv er ine inpu t of glacial sediments fr om Mimer elv a. The 
station near the bay, below Ygg dr asilkampen, consisted 
of a sloping bottom with terraces. Ther e wer e some larg e 
depressions and ridg es of bedrock, which su pported some 
keIp and tu nicates. The bottom su bstrate was g ener ally 
soft or silt y sediments ov er pebbles. 

The stations in Gr ønfjor den wer e  placed cIo se to 
Barentsbu rg (Fig . 1). One station was located near the 

g arbag e  du mp (G2), one near the sewag e ou tlet (G3) , 
and one at some distance fr om Bar entsburg near the 



abandoned helic opter base at Kapp Heer (G l) . The fjor d 
ar ea in the v ic inity of the g ar bag e  du mp dr opped g ently 
and c onsist ed of soft sediments, and some areas with 
dr ift ed keip. The sea bottom by th e sewag e ou tlet dr opped 
st eeply and c onsist ed of c oar ser sediments, and some 
areas wer e  c ov er ed by debr is of dec aying keip. The sea 
bott om off Kapp Heer dr opped st eeply fr om about 10 m 
dept h, and c onsisted of soft sediments wit h some isol ated 

r oc ks ( dr opst ones) th at su pport ed keip, tu nic at es and 
bam ac les. 

In Kong sfjor den (Fig . 2) , one station was plac ed cl ose to 
th e ol d doc k (Kl) , wher eas the sec ond station was a 
refer enc e  station l oc ated near the mou th of the fjor d near 

Kapp Mitr a (K2) . Most org anisms wer e sampled fr om 
har d su bstr ates (bedr oc k  and r oc ks) . By t he old doc k ther e 
was wooden debr is on top of soft sediments, and the 
wooden doc k itself also fu nct ioned as h ar d  su bstr ate for 
org amsms. 

Sampling 

Scu ba div er s  c ollect ed th e animals fr om 10-20 m depth 
at eac h station by hand or with nets. The div ing was 
per formed in mid-S ept ember 199 8  in Kong sfjor den and 

Gr ønfjor den and in mid-S eptember 1999 in Adv entfjor
den, Billefjor den, and Gr ønfjor den. The org anisms sam
pled inclu ded the fol l owing spec ies (Norw eg ian c ommon 
name) : S hor thom scu lpin Myoxocephalus scorpius (u lke) , 
Arc tic shor thom sc ulpin Gymnacanthus tricuspis (gl att

u lke) , gr eat spider cr ab Hyas araneus (sandpyntekr abbe) , 
th e c lam Mya fruncafa (bu tt sandskjell) , the g astr opods 

Buccinum undatum (kong esneg l) and Buccinum glaciale 

(u spesifi ser t snegl ) ,  and gr een sea urch in Strongylocentro

fus droebachiensis (kr å kebol l e) (Table 1) . 

The div er s' nets wer e plac ed dir ec tly into Coleman 
c ool er s u ntil the animals wer e sor ted, bac k on th e su ppor t 
v essel. E ac h  indiv idu al was wr apped in tin foil and 
organisms were frozen in food-quality plastic bags at -20 

cc. They wer e not thawed u nt il sampl e preparation, done 
at the Nor weg ian Polar Institu te labor ator y. 

Figure 3. Size measurements taken 
on the snails Buccinum undatum 
and B. glaciale. 

Preparation prior to analysis 

Fish wer e  weig hed befor e liv er s  wer e dissec ted for 
later analyses of org anic pollu tant s. S keietal mu sc le was 
sampled for det er mination of stable isot opes. Cr abs wer e  
weig hed and measur ed for c ar apac e  length . Th e dig estiv e  

g land was u sed for analyses of org anic pollu tants and 
mu scl e fr om the c law for stable isotopes. Biv alv es were 
weig hed whole and withou t shell. Th e max imu m  dor sal 
leng th was measur ed in both long itu dinal and tr ansv er se 
sec tions. CIosing mu sc le and siphon wer e  u sed for stable 
isotopes, whereas t he r emaining par ts of th e animal wer e 

u sed for org anic pollut ant analysis. S nail s were leng th 
measu red (Fig . 3) and weigh ed whol e and with ou t  
shell. The lower par t of the foot was u sed for st abl e 
isotope analyses, wher eas the r eminder of the animal 
was u sed for analyses of org anic pollu tant s. S ea urc hins 
wer e weig hed and measur ed, as diameter withou t  spines. 

Gonads wer e u sed both for org anic pollut ant and st able 
isotope analyses. 

Chemical allalyses 

PCBs and PAHs 

Clean-u p 
Abou t 1 to 40 g of sample was homog enised with 
sodium sulphate. An aliquot of the sample was used for 
deter mination of t he fat c ontent. Th e mix tu re was fi ll ed 
into a gl ass c olu mn and elu ted with dich lor omethane. 

Table l .  Macro-benthos collected from sampling stations in fjords on Spitsbergen (Svalbard). 

Adventfjorden Billefjorden GIØnfjorden Isfj. Kongsfj. 

Species Al A2 A3 A4 Bl B2 B3 B4 Gl G2 G3 Il Kl K2 Speciest 
samples 

total 

Strongylocentrotus dro. 2 2 2 6 
Mya truncata 2 3 3 2 3 15 
Buccinum glaciale 3 3 6 
Hyas araneus 3 3 3 3 2 3 3 3 3 3 3 3 3 3 8  
Buccinum undatum 3 3 3 3 3 3 3 3 3 3 3 33 
Gymnaranthus tricuspis l l l 4 
Myoxocephalus scorpius 2 2 3 2 13 

Station total 9 7 9 9 5 5 4 8 9 I I 6 1 8  8 7 115 
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The solv ent was ev apor ated at 110°C and the r esidu e 
weighed in or der to deter mine the f at con tent. The mixtu re 
was fil l ed into a gl ass colu mn an d an in ten al 
standar d containing 13C-l abel l ed HCB and PCB an d 
deu ter ated PAHs was added on top of the c olu mn. The 

l ipophilic compou nds wer e  elu ted by a sl ow flow of 
cycl ohexane. Lipids wer e  r emov ed by gel per meation 
chr omatogr aphy (G PC) on 50 g biobeads S X -3 with 
cycl ohexane: ethyl acetate (50: 50 by v olu rne). The PCB/ 
PAH fr action was cl eaned additionall y on a colu mn 

fil l ed with potassiu m tr eated sil ica. Bef ore qu antifi cation, 
a r ecov er y standar d  (l , 2, 3, 4-tetr achl or o-naphthal ene and 
deu ter ated biphenyl , flu or anthene and per yl ene) was 
added. 

Quantifi cation 
The separ ation of the compou nds was perf or med by high
r esolu tion gas chr omatogr aphy (HRG C) on a Hewl ett
Packar d HP69 80 or HP589 0 Il with splitl ess injection of 
l ml al iqu ot of the sampl e extr act and hel iu m  as carr ier 
gas. A Hewl ett-Packar d HP59 73 MSD l ow-r esolu tion 
mass spectr ometer (LRMS ) was u sed f or d etection an d 

qu antifi cation of the PAH compou nds. A Micr omass 
A utoSpec (f or merl y VG A nal ytical Au toS pec) high
r esolu tion mass spectr ometer (HRMS), with r esolu tion 
> 10000, was u sed f or detection and qu antifi cation of the 
PCB congener s. 

The detection limit f or each compou nd was v er y  l ow and 
compound concentr ations l ower than the detec tion limits 
wer e tr eated as non-existent. This bor der f or signal -to
noise l ev e! was set to 3: 1. 

Qu al ity contr ol 
A r igor ous qu al ity c on tr o l concept was adopted bas ed 
on the r ecommendations of the Ar ctic Monitoring and 

A ssessment Pr ogr amme (A MA P) and on the r equir ements 
in the E ur opean qu ality norm EN 45001. 

The q ual ity of the methods u sed is v er ifi ed r egu larl y 
in international inter -cal ibr ations between participating 
institutions. Par ticul ar attention was giv en to sampl e 
stor age and tr ansport including continu ou s fr eez e  stor age 
fr om sampl ing l ocation to the l abor ator y. The use of 
isotopical l y l abel l ed internal stand ar ds f or qu antification 
and the fr eq uent contr ol of compl ete method bl ank v alu es 
insur ed a high qu al ity of the anal ytical r esul ts. Bl ank 

v alues wer e not su btr acted. The measur ement u ncertain
ties of the anal ytical methods ar e estimated to be ± 15 to 

±20%. 

The q ual ity of the chemical analyses was f ou nd to be 
good accor ding to the l abor ator y's accr edited criter ia. 
Howev er , the r ecov ery of the l3C mar ked internal standar d  
in 7 of the 115 PCB anal yses and in 10 of the 115 PAH 
analyses indicated that the u ncertainty of the r esul ts fr om 
analyses of these particular samples coul d be greater than 

± 2 5% .  The PAHs in these sampl es had a shift in r etention 
time. In addition, the 9 -methylphenanthr ene dominated 
and coul d hide a small amou nt of 2-methyl anthr acene. 
Some noise fr om other non-PA H  compou nds was al so 

11 

detected. W e  decided to n ot exclu de them fr om the r esul ts, 
becau se of al ready smal l  sampl e siz es an d l ar ge v ariation 
in contaminant concentr ations. 

Compou nds anal ysed 

The f ol l owing compound s wer e  deter mined in al l 
sampl es: The PAH compon ent n aphthal ene, 
2-methyl naphthal ene, 1-methyl naphthal ene, biphenyl , 
acenaphthyl ene, acenaphthene, dibenz ofur an, flu or en e, 
dibenz othiophene, phenanthr ene*, anthr acene*, 
3-methyl phenanthr ene, 2-methyl phenanthr ene, 
2-methyl anthr acene, 9 -methyl phenanthr ene, 
1-methyl phenanthr ene, flu or anthene*, pyr ene*, 
benz o[ a ] flu or ene*, r etene, benz o[b ] flu or ene*, 
benz o[ghi] flu or anthene, cycl openta[ cd] pyr ene, 
benz [ a ] anthr acene*, chr ysene*/triphenyl ene*, benz o[b* /j / 
k*] flu or anthene, benz o[ a ] flu or anthene, benz o[ e ] pyr ene*, 
benz o[ a ] pyr ene*, per yl ene, indeno[ 1 , 2, 3-cd] pyr ene*, 
dibenz o[ ac/ah*] anthr acene, benz o[ghi] per yl ene*, 
anthanthr ene, cor onene, dibenz [ a, e ] pyr ene*, 
dibenz [ a,i ] pyrene*, an d dibenz [ a, h ] pyr ene*. 

*=E PA 16 

I n  addition, hexachl or obenz ene (HCB) and 28 PCB 
congener s wer e  anal ysed. The PCB congener s had 
f ol l owing I nternational U nion of Pur e  and A ppl ied 
Chemistr y  (IU PA C) nu mber s: 18, 28, 31, 33, 37, 47, 52, 
60, 66, 74, 99 , 101, 105, 114, 118, 122, 123, 128, 138, 
141, 149 , 153, 156, 157, 167 , 170, 180, 183, 187, 189 , 
19 4, 206, and 209 (Tabl e 2). 

Stable isotopes 

The aim of the anal ysis of stable isotopes was to qu antif y  
the r atios (o) of stabl e car bon ( 13C/12C) and stabl e nitr ogen 

CSN/14N) in mu scl e, and - in sea ur chin - gonads. A bou t 
l g of tissu e was pr epar ed f or anal yses by cu tting it 
into smal l  pieces and drying it on fil ter paper bef or e 
weighing. Then, the sampl es wer e dried f or 24 hour s 
at 70°C and cooled in a desiccator. The dr ied samples 
wer e homogenised with mor tar and pestle. Because 

in div idual s  may v ar y  in pr oportions of isotopically l ighter 
l ipids in sampl es (Shol to-D ou glas et al. 199 1), lipids 
wer e  r emov ed by Soxhlet extr action f or two hour s  with 
dichlor omethane (D CM) added with 7% of methanol. 

The samples wer e then dried at 80°C bef or e they wer e  
r insed with 2N HCI f or 5 minu tes in ord er to r emov e 
possible car bonates. Al l sampl es wer e  thor ou ghl y rinsed 
with distil l ed water and dr ied at 80°C bef or e combustion 
in the el emental anal yser. 

For the determination of 015N and ol3C, a minimum of 
1. 0 mg sampl e material was weighed and put into small 
S n-capsul es. The sampl es wer e combusted with 02 and 
Cr p3 

at about 1700 °C in a Carl o Er ba NCS El emental 
A nal yser. NOx wer e r edu ced with Cu at 650°C. The 
combustion pr odu cts N2, CO2 and H20 wer e separ ated on 
a Por apl ot Q col umn and the ISN/ 14N and l3C/ 12C isotopic 

r atios wer e determined on a Micr omass Optima mass 



Table 2. PCB congeners analysed in the present study. 

Number 

18 
28 

31 

33 
37 
47 

52 
60 

66 

74 
99 

101 

105 

114 

118 

122 
123 
128 

138 

141 

149 

153 

156 

157 

167 

170 

180 

183 

187 
189 

194 
206 
209 

IUPAC-Nomenclaturea 

2,2' ,5-T richlorobi pheny I 
2,4,4' -Trichlorobiphenyl 

2,4',5-T richlorobipheny l 

2',3,4-Tri chlorobipheny l 

3,4,4' -Trichlorobiphenyl 

2,2' ,4,4' -T etrachlorobipheny I 
2.2' ,5,5' -T etrachlorobi pheny I 
2,3 ,4,4' -T etrach l orobipheny I 

2,3',4,4' -Tetrachlorobiphenyl 

2,4,4' ,5-Tetrachlorobiphenyl 
2,2' ,4,4' ,5 -Pentachlorobipheny l 

2,2' ,4,5,5' -Pentachlorobipheny l 

2,3,3 ',4,4' -Pentachlorobipheny l 

2,3,4,4',5-Pentachlorobiphenyl 

2,3 ',4,4' ,5 -Pentachlorobi pheny l 

2'3,3',4,5-Pentachlorobiphenyl 
2' ,3,4,4' ,5 -Pentachlorobipheny l 

2,2' ,3,3' ,4,4'- Hexachlorobipheny l 

2,2' ,3,4,4' ,5' - H exachlorobiphenyl 

2,2',3 ,4,5,S'- Hexachlorobipheny I 
2,2',3,4'.S',6- H exachlorobipheny l 

2,2' ,4,4',S ,5' - Hexachlorobiphenyl 

2,3,3' ,4,4' ,S- Hexachlorobipheny l 

2,3,3' ,4,4' ,S'- Hexachlorobipheny I 

2,3' ,4,4'.5 ,S'- H exachlorobipheny l 

2,2' ,3,3' ,4,4' ,S- Heptachlorobipheny l 

2,2',3,4,4' ,5.5' - Heptachlorobipheny l 

2,2',3,4,4',S',6- Heptachlorobipheny l 

2,2',3,4',5,S',6- H eptachl orobipheny l 
2,3,3' ,4,4' ,S,S'- H eptachlorobiphenyl 

2,2',3,3 ',4,4',5,S' -Octachlorobipheny l 

2,2',3,3',4,4',S,S',6-Nonachlorobiphenyl 

2,2',3,3' ,4,4' ,S ,S' ,6,6'- Decachlorobipheny l 

a According to Ballschmiter & Zell (1980). 

spectrometer. The isotopic rati os were measu red from a 
standard as defi ned by the following equ ation: 

8X = [(R sam pl eiR standard) - 1] * 1000. 

Here, X i s  the 13C or 15N and R i s  the correspondi ng ratio 
I3C/12C or 15N/14N. Atmospheric nitrog en ( for 815N) and 
Pee Dee Belemni te L imestone ( for 8DC) were u sed as 
standards. 

Trophi c level (TL ) has been described by the relationshi p 
TL = 1 + [(Dm - 4.9 ) / 3. 8] in the food web ofNortheast 
W ater Polynya (Hobson et al. 199 5) . Particulate org anic 
matters were placed as TL = 1. The 815N valu e of the 
consu mer's mu sc1e tissu e is Dm, the 815N-ratio (%0) for 
parti cu late org anic matter was 4.9 , and the fractionation 
factor between each trophi c level was 3. 8 (%0) (Hobson et 

al. 199 5) . The same trophic enri chment factor was used to 
calcu late TL among the species in ou r su rvey. 

Data treatments and statisties 

L evels of contaminants were compared wi thin and 
between fjords. The distribution of the PAHs, PCBs, and 

HCB was non-normal when testing log ,o transformed 
data for each species. However, for the species with 

12 

hig hest sample siz e the log ,o transformed data appeared 
to be normal ly di stri bu ted. W e  therefore assurn e that 
the pooled data from all speci es are approxi mately 
normally di stri bu ted when log to transforrned and adju sted 
for trophic level di fferences. W e  therefore u sed non
parametrics stati sti cs for each speci es and parametric 
statisti cs when analysing pooled data. 

Du e to the required lOg of tissu e for analysi s of 
O Cs, some org ani sms needed to be pooled pri or to 
analysis. The total nu mber of individu al animals u sed 
was 183, whereas 115 samples are reported. Pooli ng 
of samples may have streng thened the conc1u sions with 
reg ard to di fferences between areas, si nce inclu ding more 
org anisms in each sampl e wou ld tend to make them more 
representative for each area. The sample siz es for each 
speci es from each fj ord were small (Table l), althoug h 
two species (B. undatum and H. araneus) had su ffici ent 
sample siz es to be analysed stati stically at the species 
level. To compare within and between fjords, all sample 
data were adju sted for trophi c level (qu antifi ed by 815N) 
and pooled before an ANCOV A model was u sed in the 
stati sti cal analysi s. To redu ce the nu mber of confou nding 
factors we onl y analysed retene, HCB, and the su m (L;) of 
PAHs and PC Bs when compari ng the stations within each 
fjord. Mul tipl e compari sons were done wi th ANCOV A 

LS D post hoc test of the mean values (equ ivalent to the 
t-test) . 

Ou tli ers were evalu ated with reg ard to low sample siz es 
and hig h vari ance in thi s type of data. W e  had to ex c1u de 
one ex treme ou t li er from Grønfjorden. Thi s sample was a 

M. scorpius wi th L; 38 PAH concentrati on of 48 088 ng 
g -I wet weig ht, compared to the mean of 60.9 ng g -I wet 
weig ht for the remai ning samples. The diver who sampled 
thi s fi sh cou ld see i n  the water that the fi sh was not well; it 
appeared lethargi c and had skin lesions and fi n  erosion. 

Results 

Persistent organic pollutants 

The amou nt of PAHs varied from non-detectable to a 
max imu m  of 2320 ng g -I wet weig ht for anthanthrene 
in one sample (Table 3) . HCB was fou nd in all samples 
with a max imu m  concentration of 3676 pg g -I wet weig ht 

(Table 4) . The PCB concentrations also varied, from non
detectable to a max imu m  of 129 21 pg g -I wet weig ht of 
PCB 153 (Table 4) . 

The most abu ndant PAH was the methylphenanthrene 
g rou p> pyrene > anthanthrene > benz oflu orene g rou p> 
retene (Table 3) . The most abu ndant chlorinated 
compou nds were PCB-153 > PCB-138 > PCB-118 > 

HCB > PCB-99 (Table 4) . However, there was a larg e 
variation between samples and it was evident that the 
pollu tants were not equ ally di stri bu ted between fjords 
and org anisms. There were also larg e di fferences between 



Table 3 .  PAH concentrations (ng g-I wet weight) for samples of macro -benthos from fjords on Spitsbergen 

(Svalbard) . The valid n-number vary since some of the samples had concentrations lower than the detection limit 

(signal:noise = 3: 1 ) . 

Name Valid n Mean 

Naphthalene 1 1 4 3 .09 
2-Methylnaphthalene 1 1 4 2 .65 
l -Methylnaphthal ene 1 1 4 1 . 8 1  
B iphenyl 1 1 4 1 .02 

Acenaphthylene 1 1 4 0.23 
Acenaphthene 1 1 4 0.29 
Dibenzofuran 1 1 4 0.75 

Fluorene 1 1 4 0.67 
Dibenzothiophene 1 1 4 0. 1 5  
Phenanthrene* 1 1 4 2 . 1 9  

Anthracene* 99 0. 1 4  
3-Methy Iphenanthrene 1 05 2 . 89 
2-Methy Iphenanthrene 1 1 3  5 .26 

2-Methy I anthracene 45 1 .4 1  
9-Methylphenanthrene I I I  2 1 . 5 3  
l -Methylphenanthrene 1 1 4 3 .65 

Fluoranthene* 1 1 3 1 .42 
Pyrene * 1 1 4 7 .36 
Benzo[ a ]fluorene* 1 1 3 1 .90 

Retene 1 1 3 4 .57 

Benzo[b ]fluorene* 1 1 2 1 .34 

Benzo[ghi]fluoranthene 1 03 0.20 

Cyclopenta[ cd]pyrene 48 0.49 
Benz[ a ]anthracene* 1 02 0. 1 8  
Chrysene* /Tripheny lene* 1 09 0.99 

Benzo[b* /j/k * ]fluoranthene 1 08 0 .35 

Benzo[ a] fl uoranthene 59 0.09 
Benzo[ e ]pyrene* 1 1 0 0 .3 1 

Benzo[ a ]pyrene* 87 0. 1 2  

Perylene 69 0. 1 4  
Indeno[ I ,2 ,3 -cd]pyrene* 69 8 .50 

Dibenzo[ ac/ah *]anthracene 53 0. 1 7  

Benzo[ghi]perylene* 97 0.78 

Anthanthrene 1 06 27 . 7 1 

Coronene 70 0.24 

Dibenz[ a,e ]pyrene* 77 0 .58 

Dibenz[ a,i]pyrene* 5 0.48 

Dibenz[ a,h ]pyrene * 7 0. 1 1  

L 1 6  US EPA PAH* 1 1 4 22.42 

L bicycl ic P AH 1 1 4 8 .57 

L 3- 7 eyelie PAH 1 1 4 88 . 50  

L 3 8  PAH 1 1 4 97 .07 

*Member of the 16 E PA g rou p 

PAH and PCB di stri bu ti on. For ex ample, B. undatum had 
hig her concentrati on of z:; 38 PAH than H. araneus, but 
lower concentrati on of z:; 33 PCB (Tables 5, 6) . For 
detai led li sti ng of measu rements, see Appendi ces l and 2. 

Stable isotopes 

All ani mals i n  thi s survey belong ed to the lower trophi e 
levels i n  the mari ne coastal food web. The c1am i s  a fi lter 
feeder on phytoplankton. The sea u rchi n  i s  a predator/ 

gr azer mai nly on sessi le macr o-alg ae and the two speei es 
of snai ls are g razers and omni vores, whi ch means that 
they also i ng e  st ani mal remai ns. The crab and the two 

1 3  

Minimum Maximum S D  

0. 1 2  2 1 .43 3 . 1 6  
0 . 1 9  2 1  3 . 1  
0 . 1 1  9 . 1 1 .62 
0.07 7.75 1 .05 

0.02 1 .29 0.23 
0.G2 2 .54 0.34 
0.07 4.46 0.59 

0.08 5 .4 1  0.67 
0 .02 0.92 0. 1 6  
0. 1 8  1 5 . 73  2 . 1 9  

0.0 1 1 . 88 0.22 
0.06 1 95 . 3 8  1 9 .28  
0.07 366 . 3 5  34 .88  

0 .0 1 3 5 . 5 6  5 .5 1 

0.06 299 . 7 8  52.2 

0.06 1 95 . 89  1 8 .49 

0.03 63 .49 6 . 1 4  
0.07 367 .43  39 .95  
0.0 1 1 3 8 . 8 3  1 3 .47 

0.04 1 1 6 . 8  1 3 . 77 
0 .0 1  5 2 . 1 7  6 .46 
0.0 1 7 .4 1  0.73 

0 .0 1  22 3 . 1 7  
0 .0 1 6 . 6  0.67 
0.08 22.2 3 .0 1  

0.03 3 . 1 3  0.45 
0 .0 1  0 .7  0. 1 1 
0.02 1 .6 1  0 .32 

0.0 1 1 .46 0. 1 8  
0 .0 1  0.65 0. 1 5  
0.04 549 . 8 8  66 . 1 3  

0.02 3 .0 1  0.4 1 
0.07 1 3 .27  1 .42 
0.02 2320  225 .18 

0.0 1 2 . 7 1  0.39 
0 .0 1 9 .67 1 .4 
0.0 1 1 .04 0.42 

0 .0 1  0 .27 0.09 

0 .78 667 . 7 8  84 . 56  

0 .56 5 6. 7 1  8 .33 

1 .70 2902 .52 3 1 7 . 8 5  

2 .27 2930.02 3 1 9 . 32  

fi shes are predators. The low trophi e levels of the ani mals 
are further confi rmed by the stable i sotope analysi s (Tab le 
7 ) . The seven speei es studi ed occu pi ed trophi e Ievels from 
1. 3 to 3. 1 calcu lated based on the equ ati on i n  Hobson 

et al. (199 5) . The sea u rchi n  occu pi ed the Iowest trophi e 
level and the shorthom scu lpi n  the hig hest (Table 7 ) . 

The stable ni trog en i sotope (8ISN) was posi ti vely 
correlated (p < 0. 05) to IS of the 38 PAHs, z:; bi cyc1i c 
PAH, z:; 3-7 cyc1i c PAH, and z:; 38 PAH. The strongest 
correlati ons were found for bi phenyl and anthanthrene 

(S pearman's rs > 0. 5, p < 0. 0 l). There were also posi ti ve 



Table 4 .  HCB and PCB concentrations (pg il wet weight) for samples of macro-benthos from fjords on 

Spitsbergen (Svalbard).  The valid n-number vary s ince some of the samples had concentrations lower than the 

detection limit (signal:noise = 3: I). 

Name Valid n Mean 

HCB 1 1 4 8 1 8  

PCB- 1 8  1 1 3 1 7  

PCB-28 1 1 4 39 

PCB-3 1 1 1 4 33  

PCB-33  1 1 4 1 0  

PCB-37 1 10 5 

Sum-TriCB 1 1 4 1 33 

PCB-47 1 1 4 42 

PCB-52 1 1 4 1 80 

PCB-60 1 1 4 24 

PCB-66 1 1 4 1 34 

PCB-74 1 1 4 99 

Sum- TetraCB 1 1 4 836 

PCB-99 1 1 4 562 

PCB-IO I 1 1 4 543 

PCB- I05 1 1 4 3 6 1  

PCB- 1 1 4  1 1 4 36 

PCB- 1 1 8  1 1 4 1 1 1 0 

PCB- 1 22 85 7 

PCB- I23 1 1 3 20 

Sum- PentaCB 1 1 4 3762 

PCB- 1 28 1 1 4 283 

PCB- \38 1 1 4 1 206 

PCB- 1 4 1  1 1 2 70 

PCB- 1 49 1 1 4 396 

PCB- 1 53 1 1 4 1 877 

PCB- 1 56 1 1 4 1 30 

PCB- 1 57 I l O  34 

PCB- 1 67 1 1 4 69 

Sum- HexaCB 1 1 4 5 1 64 

PCB- 1 70 1 1 4 1 59 

PCB- 1 80 1 1 4 450 

PCB- 1 83 1 1 4 6 1  

PCB- 1 87 1 1 4 1 97 

PCB- 1 89 93 l O  

Sum- HeptaCB 114 989 
PCB- 1 94 1 03 35 

PCB-206 86 I 1  

PCB-209 88 9 

6 PC B (28,52, 114 4295 

1 0 1 ,138, 1 53,180) 

33 PCB 1 1 4 l O  930 

correlations (p < 0.05) to HCB, to 31 of the 33 PCB 
cong eners and to � 33 PCB (Fig . 4) . The strong est 
correlation was fou nd to PCB-183 (S pearrnan's rs = 0.6, 
and p < 0. 01) . However, 815N was not correlated with 
PCB-206 and PCB-209. These two cong eners were fou nd 
only in a few samples and then at very low concentrations. 

Between fjords 

The mean (nJ S D) levels of � 38 PAH for the fjords 
Isfjorden> Adventfjorden> Kong sfjorden were: 202.1 
(18/398.1) , 138.9 (261 569.7 ) ,60.9 (21/84.3) , 53.6 (341 
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Minimum Maximum SD 

26 3676 863 

2 1 82 20 

2 266 43 

2 1 77 35 

I 99 I 1  

I 32 5 

l O  95 8 1 33 

2 44 1 5 8  

5 1 8 1 5  275 

I 30 1  37  

3 1 623 208 

2 1 368 1 6 1  

22 8054 1 2 1 6  

6 6940 922 

1 0  56 1 8  885 

3 4672 629 

O 37 1 54 

l O  I 1  536 1 647 

O 60 1 1 

O 23 1 32 

40 34 7 1 6  5735 

2 27 1 4  4 1 5  

9 9405 1 57 8  

592 1 08 

7 3370 602 

1 3  1 2 92 1  2331 

1 1 263 1 97 

O 27 1 47 

I 570 94 

42 34 1 23 6540 

I 1 445 2 1 1 

2 5489 680 

O 684 85 

1 808 27 1 

95 12 
3 9380 1393 
O 57 1 63 

O 106 13 

O 33  8 

42 28 2 1 0  5355  

1 20 80 649 14 269 

72.3) , 47.8 (15/45.3) ng g -I wet weig ht, respectively. 
The ANCOV A post hoc test showed that Isfjorden had 
sig nifi cantly more PAHs (p < 0.02) than the other fjords, 
which were not sig nifi cantly different from each other. 

The same pattem in PAH concentrations between fjords 
was also fou nd for H. araneus and B. undatum, althoug h 
the differences between fjords were not sig nifi cant at the 
species leve! . 

The mean (ni S D) levels ofHCB for the fjords 
Kong sfjorden > Isfjorden> Billefjorden > Grønfjorden 
> Adventfjorden were: 1289 (151 988) , 1153 (181 1240) , 
1061 (21/ 951) , 661 (261 629) , 404 (341 318) pg g .1 



Table 5 .  The overall PAH levels (ng g-I wet weight) of the eight most abundant PAHs 

and L 38  PAH in  Buccinum ul/datum and Hyas aranells from (jords on Spitsbergen (Svalbard). 

Bucdum undatum Hyas araneus 
PAH n mean S D  Il mean SD 

Naphthalene 33 2. 1 I.l 38 3.9 2.9 
2-Methylphenanthrene 33 0.9 \.2 38 \. 8 5.2 
9-Methy Iphenanthrene 33 29. 8 76. 7  3 8  22.2 39.3 
I-Methylphenanthrene 33 2. 1 3. 1 38 2. 1 3.5 
Pyrene * 33 0.7 0. 8 38 6.4 32.9 
Retene 32 5.4 1 2 .6  38 5 .2  1 8. 8  
Indeno[ 1 . 2.3-cd]pyrene* 1 9  29.6 1 26.0 30 0.6 0.4 
Anthanthrene 3 1  9 \ .9 4 1 4. 1  38 0.9 1 .0 

L 3 8  PAH 33 1 5 8.3  507.4 3 8  5 8. 9  7 1 .4  

*Member of  the 16  EPA group 

Table 6. The overall levels (pg gl wet weight) of HCB, the e ight most abundant PCB congeners 

and L 33 PCB in Buccinllm undatlll1l and Hyas araneus from fjords on Spitsbergen (Svalbard). 

Buccium ulldatum Hyas aralleus 
Chlorinated compound Il mean S D  Il mean SD 

HCB 33 250 1 27 3 8  1 406 839 

PCB 99 33 283 40 1 3 8  684 742 

PCB 1 0 1  33 239 453 38  994 1 1 97 

PCB 1 05 33 1 64 260 3 8  526 568 

PCB 1 1 8 33 63 1 853 38 1 55 9  1 603 

PCB 1 38 33 704 8 1 9  38 1 662 1 676 

PCB 1 49 33 24 1 280 38 686 728 

PCB 1 53 33 1 039 1 1 1 8 3 8  2677 2536 

PCB 1 80 33 2 1 6  204 38 726 933 

L 33  PCB 33 57 1 8  6520 38 1 6 592 1 6 1 02 

wet weight, respectively. The post hoc ANCOVA model 
showed that Kongsfjorden had significantly more HCB 
than Isfjorden and Adventfjorden. The other fjords were 
not significantly different from each other. 

PCB congeners were highly intercorrelated. From a 
total of 528 possible correlations, 522 were statistically 
significant (Pearson's r> 0.24, P < 0.05) . PCBs 
were therefore easier to handle than the PAHs since 
all congeners could be represented by L;33PCB. The 
mean (n/SD) of L;33PCB for the fjords Billefjorden > 

Grønfjorden > Kongsfjorden > Isfjorden> Adventfjorden 
were: 26 180 (21/18243) ,14447 (26/16 006),5760 

(15/4557) ,5284 (18/6973) ,4093 (34/5665) pg g-I 
wet weight, respectively. The most PCB-polluted fjord 
was Billefjorden, with significantly higher levels than 
the other fjords. Also, Grønfjorden and Kongsfjorden 
had significantly higher concentrations of PCBs than 

1 5  

Adventfjorden and Isfjorden. The fjords could therefore 
be ranked as follows: Billefjorden > Grønfjorden and 

Kongsfjorden > Adventfjorden and Isfjorden. The results 
were similar for the species H. araneus and B. undatum, 

but Adventfjorden had significantly lower concentration 
of PCBs than the other fjords with regard to H. araneus. 

The distribution of some of the PCB congeners differed 
between fjords. The apparently small differences in 
congener distribution between fjords were significant 
because of small variances (Appendix 4) . Billefjorden 
and Grønfjorden were significantly different from 
Adventfjorden, Isfjorden, and Kongsfjorden with regard 
to PCB-118, 138, and 153 (Fig. 5) . Thus, the most 
important differences were between fjords with Russian 
versus Norwegian settlement. 
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ou tl et (G3) wa s the hig hest 
co nta mina ted with respect 

to all fou r  pol lu ta nt s. The 
sta tio n nea r the ga rbag e 
du mp wa s mo re 
co nta mina ted tha n t he 
sta tio n a t  Ka pp Heer (G l) 
with respect to PC Bs a nd 
HC B (p < 0. 01, n = 26) , bu t 
l ess co nta minat ed tha n the 
sewag e ou tlet with respect 
to � 38 PAH. 

LoglO Z33PCB pg gl wet weight 

E ven thoug h  Ko ng sfjo rden 
wa s the mo st HC B-po llu ted 
fjo rd, given the g eneral ly 

lo w l evel s o fHC B, we 
were no t a ble to detect 

Figure 4. Relationships between LoglO L33 peB (pg g l  wet weight) and the stable isotope (81'N). The upper 
regression line represents all speeies except the sea urchin (n = 108, Spearman 's rs = 0.5, P < 0.0 I), whereas 

the lower line represents the sea urchins (n = 6, Spearman's rs = 0.7, P = O.l). 

a ny differences between 
the ol d do ck a nd the mou th 

Within fjords 

Within fjo rd differences (reveal ed by A NC OV A  po st ho c 
test) were al so fou nd fo r the po llu ta nts investiga ted in 
the benthic foo d  web. These differences were ba sed o n  
co mbined sa mpl es, since species co mpa riso ns cou ld no t 
be perfo rmed du e to lo w sa mple siz es. The ma cro -bent ho s  
in the vicinity o f  the po wer pla nt (A l )  in Lo ng yea rbyen 
ha d sig nifica ntl y hig her co ncentra tio ns o f  � 38 PAH tha n 
the sta tio n nea r Adventpynten (A 3) a nd the sta tio n by 
the sewag e ou t let (A 4) (p < 0.05, n = 34) . Fu rthermo re, 
sta tio ns A l  a nd A 4  ha d sig nifica ntly hig her co ncentra tio n 

o f  � 33 PC B tha n sta tio n A 3  (p < 0.03, n = 34) . 

The co ncentra tio ns o f PC Bs were hig her clo se to 
Pyra miden in inner Billefjo rden tha n in ou ter Bil lefjo rden. 
The sta tio n clo se to the po wer pla nt (B2) a nd the do ck 
(B3) ha d hig her co ncentra tio ns o f  � 33 PC B tha n the 
ou termo st statio n (B4) (p < 0.02, n = 21). There were no 
differences between sta tio ns fo r � 38 PA H. 

The co ncentra tio ns o f  retene, � 38 PAH, HC B, a nd � 33 
PC B were eleva ted cio se to Ba rentsbu rg in Grønfjo rden 
(p < 0.01, n = 26) . The sta tio n nea r the sewag e 

o f  Ko ng sfjo rden. A simila r 
resul t wa s fou nd fo r � 38 PAH a nd � 33 PC B. On ly 
retene (in PAHs) o f  the fou r  sta tistica lly trea ted sa mpl es 
ha d hig her co ncentra tio n a t  the ol d do ck sta tio n tha n 

a t  the mou th o f  Ko ng sfjo rden sta tio n (p = 0. 04, n = 

15) . Becau se the retene co ncentra tio n differed between 
sta tio ns, wherea s � 38 PAH did no t, a nd becau se PA Hs 

a re no t hig hl y inter-co rrela ted, we investiga ted the ot her 
PAH co mpo nent s further. There were hig her 
co ncentra tio ns fo r 12 o f  the 38 PAHs a t  the ol d do ck 
sta tio n co mpa red to the mou th o f  Ko ng sfjo rden sta tio n 

(Ta bl e 8) . In a dditio n, the � 16 US E PA PA H (which 
inclu des 8 o f  the 12 PAHs) ha d sig nifica ntl y hig her 
co ncentra tio ns a t  the o ld do ck sta tio n. 

Table 7 .  Stable isotope ratios and trophie levels (TL), caIculated from the relationship in Hobson 

et al. ( 1 995), for macro-benthic organisms sampled from fjords on Spitsbergen (Svalbard). 

Species 

Strongylocentrotus droebachiensis 

Mya truncata 

Buccinum glaciale 
Hyas araneus 

Bucdnum undatum 
Gymnacanthus tricuspis 

Myoxocephalus scorpius 

n mean bUe (SD) mean bIsN (SD) Mean TL (SD) 

6 - 1 9 . 3  ( 1 .2) 5.9 ( 1 .2)  1 . 3 (0.3 )  
1 5  - 1 9 . 1  (OA) 8 .2  (0.7) 1 .9 (0.2) 
6 - 1 6.9  (0.5) 1 1 .0 (0 .3) 2 .6 (0. 1 )  

3 8  - 1 8 . 1  (0.6) IlA (0.7) 2.7 (0.2) 
33 - 1 7 . 3  (0.7) 1 1 .9 (0 .8) 2 .8 (0 .2) 
4 - 1 8 .9  ( 1 . 1 ) 1 2A (0.9) 3.0 (0.2) 
1 2  - 1 8 .7  (0.7) 1 3 .0  ( 1 .0) 3 . 1 (0.3 )  

1 6  



Table 8 .  Differences between the old dock (K l )  the mouth of 

Kongsfjorden (K2) for PAH components . F-values and significance 

levels are calculated by ANCOV A test controlled for OI5N. 

PAR DfError F p-Ievel p < 0.05 

Naphthalene 

2-Methylnaphthalene 

I -Methy Inaphthalene 

Biphenyl 

Acenaphthy lene 

Acenaphthene 
Dibenzofuran 

Fluorene 

Dibenzothiophene 

Phenanthrene* 

Anthracene* 

3-Methylphenanthrene 

2-Methylphenanthrene 

2-Methylanthracene 

9-Methylphenanthrene 

1 -Methylphenanthrene 

Fluoranthene* 

1 2  

1 2  

1 2  

1 2  

1 2  

1 2  
1 2  

1 2  

1 2  

1 2  

9 

9 
1 2  

1 

1 2  

1 2  
1 2  

Pyrene * 1 2  

Benzo[a]fluorene* 1 2  

Retene I l  
Benzo[b]fluorene* I l  
Benzo[ghi]fluoranthene 10 
Cyclopenta[ cd]pyrene 4 

Benz[a]anthracene* 1 1  
Chrysene* /Tripheny lene* 1 2  

Benzo[b*/j/k*]fluoranthene 1 1  

Benzo[a]fluoranthene 6 

Benzo[ e ]pyrene* 1 2  

Benzo[ a ]pyrene* 1 2  

Pery1ene 
Indeno[ 1 . 2 . 3 -cd]pyrene* 7 

Dibenzo [ac/ah *] anthracene 

Benzo[ghi]pery1ene* 10  
Anthanthrene 1 1  

Coronene 7 

Dibenz[ a .e  ]pyrene* 1 2  

Dibenz[ a. i]pyrene* 

Dibenz[ a.h ]pyrene* 

L 1 6  US EPA PAH* 1 2  

L bicycl ic P AH 1 2  

L 3- 7 cyclic P AH 1 2  

L 3 8  PAH 12  

na lower than detection limit 

* Member of the 1 6  EPA group .  

** p<0.05 

0.40 

0.44 

0.64 

2 .38  

0.06 

1 . 1 8  
0. 1 2  
0.00 

4.86 

7 .8 1 

1 .48 

5 .5 1 
1 .8 1  

0 .55 

0.65 

2.48 

9 .37 

0 .54 
0 .52 

0.44 

0. 1 5  

0.80 

OJO 
0.73 
0.96 

0.05 

0.02 

0.26 

0.04 
0.20 

0.59 

0.44 
0. 1 4  
0.0 1 

1 1 . 70 0.0 1 
1 3 . 36  0.00 
5 .38 0.04 

5 .38  0.04 

5 .85 0.04 

0.09 0.78 

5 . 1 3  0.04 
1 . 1 4  OJ 1 

4.34 0.06 

0.89 OJ8 

8.68 0.0 1 
9 .03 0.0 1 

0.43 0.53 

0.22 0.65 
1 .63 0.23 

0.03 0. 86 

2 .8 1 0. 1 2  

1 1 .43 0.0 1 
0 .74 0.4 1 

0.80 0.39 

0.42 0.53 

** 

** 

** 

** 

** 
** 
** 

** 

** 

** 

** 
** 

na 

na 

na 

na 

** 

1 7  

50 
co 
� 40 

� 30 
:J 
'fl 20 "6 
;f2. 10 

o PCB PCB PCB PCB PCB PCB PCB 
28 52 101 118 138 153 180 

-+- Adventfjorden 

-o- Sillefjorden 

---fr- Grønfjorden 

� Isfjorden 

� Kongsfjorden 

Figure 5. Mean distribution of 7 pes congeners in five fjords on 
Spitsbergen (Svalbard). 
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Figure 6. The distribution of7 pes congeners (those in Fig. 5) in 
technical mixture of pes that may have been used in Svalbard. 

Discussion 

Orgallic pol/utants ill marine jood chaills 

The concentrations of PAHs, HCB, and PCBs in the 
macro-benthos vary substantially in biological samples. 
Only few comparable studies involving these pollutants 
in macro-benthos were found (Tables 9, 10) , and there 
were no studies of the same speeies and PAHs. Another 
bivalve, the blue mussel (Mytilus edulis), showed similar 
PAH concentrations as M. truncata in our study (Table 9) . 
These blue mussel samples were collected from fjords in 
Norway where PAHs were elevated (Berge & Moy 2000) . 

The HCB concentration in macro-benthos from Svalbard 
fjords was not higher that what has been found in other 
Arctic areas. Comparing the fishes G. tricuspis and M. 

scorpius with the polar cod (Boreagadus sa ida ) and 
Atlantic cod (Gadus morhua) from Bjørnøya revealed 
similar concentrations of HCB (Borgå 1997) (Table 9). 

The HCB concentration in M. scorpius from Greenland 
was on average 3 times higher than concentrations 
found in this study, and the concentration in livers of 

polar cod was even higher (Cleemann et al. 2000) . The 
concentration of HCB in H. araneus from Bjørnøya was 
about 4. 5 times higher than what was found in our study 

(Borgå 1997) (Tab le 9) . 

The PCB concentrations in macro-benthos from Svalbard 
fjords were considered as elevated, particularly when 
comparing with levels measured on Bjørnøya, which is 
known to have high background Ievels of PCBs (AMAP 
1998) as well as high Ievels in seabird s (Savinova et al. 

1995) . The L: 33 PCB concentration found in H. araneus 

was about 3.5 times higher in Svalbard than on Bjørnøya 
(Borgå 1997 ) , and the fishes measured in this stud y also 
had much higher levels of PCBs than polar cod from 



Bj ørn øya (Ta bl e 10) . Ho wever, hig her l evel s ha ve been 
mea su red el sewhere in the A rctic. � 6 PCB wa s a bou t 2. 5 
times hig her in M. scorpius fro m Greenla nd (fo r t he sa me 
6 PCB co ng eners; Ta bl e 10) . 

The sta bl e  iso to pe a nal ysis co nfirmed tha t the sel ected 
a nimal s belo ng ed to the lo wer tro phic l eveIs. A tro phic 
l evel l ess tha n 2. 0 is no t very likel y fo r these species, 
since no ne o f  them a re prima ry pro du cers. The iso to pic 
co ntent o f  nit rog en in pa rticulat e o rga nic ma tt er (POM ) 

in S val ba rd fjo rds is no t necessa ril y the sa me a s  in 
the No rthea st Wa ter Pol ynya o f  Greenla nd (Ho bso n et 

al. 1995) . The co nsta nt a ssig ning tro phic l evel I ma y 
therefo re be shift ed, bu t t he rela tive increa se between 

a nimal s u p  in the foo d  chain sho ul d  be simila r since t he 
sa me 81 5N tro phic enrichment fa cto r wa s a pplied (e.g . ,  
Ho bso n & W el ch 1992; Ho bso n  et al. 1995) . 

W e  co nclu de tha t all species su rveyed in ou r stu dy 
belo ng to the lo wer tro phic l evel s a nd tha t the two fish 
species represent the to p tro phic l evel in this su rvey. The 
sig nifica nt co rrela tio n between 81 5N a nd a majo rity o f  the 

o rga nic pol luta nts implied tha t the mea n co ncentra tio n 
valu es coul d  no t be u sed withou t co ntrol ling fo r the 
tro phic l evel s o f  t he species mea su red. This wa s therefo re 
do ne in al l  the ANC OVA tests. 

Table 9 .  Mean P AH and HCB concentrations (ng g - I  wet weight) from this study and other comparable studies. 

Species Tissue  n PAU (SD) UeB (SD) Reference 

L 38 PAU 

Strongylocentrotus droebachiensis Gonad 6 21.32 (16 . 81) 0 .06 (0 .028) This study 

M}'a truncata Soft parts 15 134 . 87  (441 .61) 0.196 (0 .144) This study 

(except musc1e) 
Buccinul1l glaciale Upper soft parts 6 73 . 70 (121.64) 0 .339 (0 .318) This study 
Hyas araneus H epatopancreas 38 5 8 .92 (71 .37) 1 .406 (0 .839) This study 

Buccinul1l undatul1l Upper soft parts 33 15 8 . 3 5  (507 .44) 0 .250 (0 .127) This study 
G.vl1lnacanthus tricuspis Liver 4 79 .46 (42 .78) 1. 392 (0 .924) This study 
Myoxocephalus scorpius Liver 12 57 .59 (47 .45) 1.725 (0 .911) This study 

L 24 PAU 

Myoxocephalus scorpius, Liver 87 5 . 3  ( 2 . 9) A 
Greenland 

Boreogadus saida, Greenland Liver 16 I l  ( l .4) A 
Mytilus edulis , Greenland Soft tissue 44 0 .07 (0 .02) A 

Boreogadus saida, Bjørnøya Whole organism 14 1 .7  B 

Gadus l11orhua, Bjørnøya Whole organism 15 1 . 5  B 
Hyas araneus, Bjørnøya H epatopancreas 1 5  6 . 5  B 
Larus h}perboreus, Bjørnøya Liver 15 24. 5  B 

Mytitus edulis , Larvik, Norway Soft parts pool 22 .7 ( 5 . 5 ) 1  0 .06 (0 .03 )  1 C 
Mytilus edulis , Eidangerfjorden, N .  Soft parts pool 198 .6 (82 . 3 )  2 0.47 (0.04i D 

L PAU 

My ti/us edulis , Tromsø, Norway Soft parts ? 5 8  (24i 0.65 (052t E 

1 Mean from 5 stations in Larvik , Norway. 

2 Mean from 5 stations in Dalsbukta, Eidangerfjorden,  Norway. 
3 Mean from 3 stations in Tromsøysund and Sandnessund in Tromsø, Norway 
4 Mean from 5 stations in Tromsøysund and Sandnessund in Tromsø, Norway 

A :  Cleemann et al.  2000 
B :  Borgå 1997 
C: Berge 1999 
D: Berge & Moy 2000 
E: Holte et  al. 1992 
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Ellvirollmental quality of the fjords 

PAHs 

PAHs in coal are strongl y bound to the coal part icl es 
(Sørl ie et al. 1 999 b) , and it is theref ore cl aimed that the 
PAHs f rom coal probabl y do not enter the biota (L uthy 

et al. 1997 ;  Sørl ie et al. 1 999 b) . The Nor weg ian g uide 
f or cl assifi cation of fj ords has onl y the bl ue mussel in the 
ref erence l ist f or PAHs (Molvæ r et al. 1 997 ) .  If  we - in 
spite of using different speeies - compare our mean resul ts 
with this cl assifi cation, then I sfj orden and Grønfjorden 

bel ong to Cl ass Il (of fiv e) , sugg e sting a mod eratel y 
poll uted env ironment. The reason f or the high er l ev el s  in 

t hese fjords may be rel ated to the l ocation of t he two coal
fi red power pl ants near Grønfj orden, as we] )  as ex tensiv e 
ship traffi c in the outer part of I sfj orden. The other fj ords 
bel ong to Cl ass I ,  termed insig nifi cantl y pol lu ted. 

HeB 

The HCB con centrations measured coul d n ot be readil y 
compared with the v al ues in the cl assifi cation g uide since 
none of t he speeies were the same. D epend ing on t he 
speeies or tissue we chose to compare with, t he resul ting 

Table 1 0 . Mean PCB concentrations (ng g -I wet wei ght) from this  study and olher comparabl e  studies .  

Species Tissue Il PCB (SD) PCB (SD) Reference 

I 6 PC B  I 3 3  P C B  

Strongylocentrotus droebachiensis Gonad 6 4 .744 (4.989) 1 3 .433 ( 1 3 .4 1 6) Thi s study 

Mya lruncata Soft parts 1 5  0. 1 20 (0.055) 0 .378 (0. 1 88) This  study 

(except musc1e) 
Buccinum glaciale U pper soft parts 6 2 . 586  (2 .57) 5 .689 (5 .588) T h i s  study 
Hyas araneus Hepatopancreas 38 6 .388 (6 . 1 52) 1 6 . 592 ( 1 6 . 1 02)  Thi s study 

Buccinum undalum Upper soft parts 33 2 .292 (2 .459) 5 .7 1 8 (6 .52) This  study 
Gymnacalllhus lricuspis Liver 4 8 .754 (4.526) 2 1 . 1 99 ( 1 1 .4) T h i s  study 
Myoxocephalus scorpius Liver 1 2  7 .539 (7 .647) 1 8 .4 73 (22 . 39) This  study 

I PCB 

Amphipods (A n on)�'( sarsi and Fat pool 1 600 A 
Tmelonyx cicada), I sland 
Amphipods (A nonyx sarsi and Fat pool 1 4 000 A 

Tmetonyx cicada), I s land 
Boreogadus saida, Arctic  Bay Musc\e pool 1 . 9 B 

Gadus morhua, Northern Finland Whole ? 570  
C 

I 29 PCB 

Boreogadus saida, Bjørnøya Whole 1 4  2 . 9  D 
Gadus morh ua ,  Bj ørnøya Whole 1 5  2 . 5  D 
Hyas araneus, Bjørnøya Hepatopancreas 1 5  4 . 8  D 
Larus hyperboreus, Bjørnøya Liver 1 5  5295 .7  D 

I 7 PCB I 10 PCB 

Myoxocephalus scorp ius, Liver 87 25 ( 1 7) E 
Greenland 

Boreogadus saida, Greenl and Liver 1 6  3 7  ( 1 0) E 
Mytilus edulis, Greenland Soft parts 44 0.95 (0 .29) E 

Mytilus edulis, Larvik, N orway Soft parts pool 0.92 (0 .28)1 F 
Mytilus edulis, Eidangerfjorden,  N .  Soft part s pool 4 .3 1 (0 . 86) 2 G 

Mytilus edulis, Trom sø, N orway Soft parts ? 4.48 ( 1 . 1 i 0.65 (052) H 

1 Mean from 5 stations in Larvik,  Norway. 
2 Mean from 5 stations i n  Dalsbukta, Eidangerfjorden, Norway. 
3 Mean from 5 stations in Tromsøysund and Sandnessund in  Tromsø, Norway 

A: B idleman et al.  1 989 
B :  Muir  et a l .  1 987 
C :  Paasivirta e t  a l .  1 99 1  
O :  Borgå 1 997 
E: Cleemann el al.  2000 
F: Berge 1 999 
G: Berge & Moy 2000 
H: Holte et al.  1 992 
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cla ssifi ca tion ra ng ed f rom I ,  insig nifi ca ntly polluted, to 
cla ss V ,  strong ly poll uted. However, if we a ssurn e tha t  
the most a ppropria te compa rison wa s HC B in livers 
of benthic fi shes (scu lpins versus A tla ntic cod), then 

al l fj ords in Sval ba rd belong to C la ss I, insig nifi ca ntly 
pol luted (M olvæ r et al. 1 997 ) .  This is in ag reement with 
our ea rl ier conclusion tha t the HC B wa s not eleva ted in 
the se fj ords. 

peBs 

A s  with HC B leveIs, the PC B concentra tions could not 
be rea dil y compa red with the g uide, beca use the speeies 
diff ered. If the benthic fi sh speeies used in the HC B 
compa rison a re a lso used with rega rd to PC Bs, then a ll 

fj ords were aga in cla ssifi ed to C la ss I ,  insig nifi ca ntly 
pol l uted (M olvæ r et al. 1 997 ) .  However, we q uestion this 
cla ssifi ca tion beca use the PC B concentra tions in these 

fj ords were f ound to be hig her tha n wha t ha s been 
mea sured on Bjørnøya (Borg å  1 997 ) .  The cla ssifi ca tion 
schern e f or fj ords on ma inla nd Norwa y ma y theref ore not 
be directly a ppl ica ble to fj ords in the A rctic. 

PCB projiles 

The PC B cong ener profil es in our study were compa red 
with known profi les of technica l PC Bs (Koniecz ny & 

M oula nd 1 997 ) .  W e  ha ve complete inf orma tion on seven 
PC B cong eners in the technical mix ture, a nd these could 
theref ore be compa red with the distribution we f ound in 

ma cro-benthos (Fig. 6) . The l ig hter chlorina ted sa mpl es 
f rom Grønfj orden a nd Bil l efj orden, with Russia n 
settlements, could a rise f rom A rochl or 12 54, C hlophen 

A 50, or the f ormer Soviet U nion produced Sovo! .  
A dventfj orden a nd Kong sfj orden, which ha ve Norweg ia n  
settlements, a nd to a lesser deg ree I sfj orden, cou ld be 
inft uenced by hea vier chlorina ted mix tures such a s  

A rochlor 12 60, A rochlor 1 2 62,  or C hlophen A 60. 
There is no rea son why g lobal ly tra nsported pol l uta nts 
should give different congener structure in fjords closer 

tha n 1 50 km a pa rt, especia lly not inside the I sfj ord system 
where ma x imum dista nce between the fj ord a rms is 80 
km. The cong ener profi le of I sfj orden is intermedia te to 
the profil e mea sured outside Russia n a nd Norweg ia n 
settl ements (Fig. 5) . The diff erence proba bly a rises 
beca use of lea kag es f rom the Norweg ia n a nd Russia n 
settlements. L oca l pollution, ra ther tha n long -ra ng e 
tra nsport, theref ore most likely ca use the cha ra cteristic 
cong ener profi les. 

Conc/usions 

PA H levels were q uite va ria ble both between a nd 
within fj ords. The ra nking ba sed on � 38 PAH wa s: 

I sfjorden> Grønfj orden > Billefj orden > A dventfj orden 
> Kong sfj orden, but only the sta tion a t  I sfjorden ha d 
a sig nifi ca ntly hig her leve! of PA Hs. A pplying the 
Norweg ia n g uide f or cla ssifi ca tion of fj ords we sugg est 
tha t I sfj orden a nd Grønfj orden a re modera te ly polluted, 
wherea s the other fj ords a re insig nifi ca ntly polluted. The 
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rea son f or the hig her levels in these fj ords ma y be rela ted 
to the l oca ti on of the two coa l-fi red power plan ts n ea r  

Grønfj orden, a s  wel l  a s  ex tensive ship traffi c i n  the ou ter 
pa rt of I sfj orden. 

The mea n level of HC B ra nked the fj ords a s: 
Kong sfj orden > I sfj orden> Bil l efj orden > G rønfj ord en 
> A dventfj orden. Kong sfj orden ha d sig nifica ntl y  more 
HC B tha n I sfj orden a nd A dventfj orden, wh erea s th e other 
fj ords were not signifi ca ntl y  different frø m ea ch oth er. 
The HC B concentra tion in ma cro-benthos f rom the fj ords 
wa s not hig her tha n wha t ha s been f ound in other A rctic 

a rea s, a nd H C B  l evel s in l ivers of fi sh were simila r 
to those mea sured in fj ords cla ssifi ed a s  in sign ifi ca ntl y  
polluted. There a re no indica tions tha t HC B ha s l ocal 
sources, since the concentra tions mea sured were cl ose to 
ba ckg round level s a nd no sign ifi ca nt differences ex isted 
between sta ti ons in the most HC B pol l uted fj ord. 

PC B l evels represented by � 33 PC B, rank ed the 
fj ords a s: Bil lefj orden > Grønfj orden > K ong sfj orden > 
I sfj orden> A dventfj orden. The most PC B-p ollu ted fj ord 
wa s Billefj orden, with sig nifi ca ntly hig her concentra ti ons 
in biota tha n the other fj ords. AIso, Grønfj orden a nd 

Kong sfj orden ha d sig nifi ca ntly hig her concentra tions of 
PC Bs tha n A dventfj orden a nd I sfj orden. If the benthic 
fi sh speeies used in the HC B compa rison a re al so used 
with reg a rd to PC Bs, then all fj ords ca n be cla ssifi ed 

a s  insig nifi ca ntly pol l uted. However, we qu estion this 
cla ssifi ca tion beca use the PC B concentra tion s were hig her 
tha n wha t ha s been mea sured on Bjørn øya, which is 
known to ha ve hig h ba ckg round level s of PC Bs. 

L oca l input of both PAHs a nd PC Bs seern ed to be presen t 
f or the I sfj ord system an d to a l esser deg ree f or 
Kong sfj orden. The concentra tions of PAHs a nd PC Bs 
were hig her close to the settl ements in A dventfj orden, 
Bil lefj orden, Grønfj orden, a nd Kong sfj orden. 

The distributi on of some of the PCB congeners differed 

between fj ords, in tha t Billefj orden a nd Grønfj orden were 
sig nifi ca ntly different f rom A dventfj orden, I sfj orden, a nd 

Kong sfj orden. The most importa nt differences were 
between fj ords with Russia n versus Norweg ia n 
settl ements, a nd the cha ra cteristic cong ener profil es (i. e. 
lig hter chlorina ted vs. hea vier chl orina ted) proba bly 

a rise beca use of loca l pollution f rom these settlements. 
C lea ning up of point sources will most likely be suffi cient 
to stop the loca l input of these conta mina nts to the fj ord 
system. 
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Appendices 
Appendix I .  PAH concentrations (ng g_1 wet weight) in samples from fjords on Spitsbergen (Svalbard): Adventfjorden (A), 
Billefjorden (B), Grønfjorden (G), and Kongsfjorden (K). The stations I l  (Isfjorden) and K2 (Kongsfjorden) are reference stations, 
with assumed background levels of organic pollutants. Concentrations are means (SD) for the following species (Norwegian 
common name) :  Shorthom sculpin Myoxocephalus scorpius (ulke), Arctic shorthom sculpin Gymnacanthus tricuspis (glattulke), 
great spider crab Hyas araneus (sandpyntekrabbe), the clam Mya truncata (butt sandskjel l), the gastropods Buccinum undatum 
(kongesnegl) and BuccinulIl glaciale (uspesifisert snegl), and green sea urchin Strongylocentrotus droebachiensis (kråkebolle). 

Station Speeies n Naphtha- 2- 1 - Biphenyl Ace- Ace-
lene Methylene- Methylene- n aphthylene n aphthene 

na�hthalene na�hthalene 

A I  B. undatum 3 2 . 9 ( 1 . 3 )  2 . 1 (0 .4) 1 . 6 (0 .4) 1 .2 (0 . 3 )  0 . 6  (0 . 5 )  0 .2  (O . l )  

H. araneus 3 2 . 6  (0 .4) 2 (0 .4)  1 . 7 (0 .7)  1 (0 . 1 )  0 .4 (0 .2)  0 .2  (O) 

M. truncata 2 0 . 8  (0 . 1 )  0 . 8  (0 . 1 )  0 . 5  (O) 0.3 (O) 0 . 1 (O) 0 . 1 (O) 

G. tricuspis 1 7 . 9  6 . 3  4 . 6  1 . 7 0 . 6  0 . 4  

A2 B. undatum 3 2 . 9  (0 .2)  2 .7  (0 .6)  1 . 9 (0 .4) 1 (0 . 1 )  0 .2 (0 . 1 )  0 .4 (0 . 1 )  

H. araneus 3 5 . 7  ( l . 8) 4.4 ( l )  2 . 3  (0 .6)  1 . 7 (0 .4) 0 .4 (0 . 1 )  0 . 5  (0 .2 )  

M. truncata 1 2 . 0  2 . 5  1 . 8 0 .4 0 . 1 0 . 1 

A3 B. undatum 3 2 . 1  (0 .4) 2.4 (0 .9)  1 . 8 (0 .7)  0 . 7  (0 . 1 )  0 .2  (0 . 1 )  0 .2  (0 . 1 )  

H. araneus 3 2 . 7  ( 1 . 2 )  2 . 1 ( 1 .2) 1 . 5 (0 .9)  0 . 7  (0 .2)  0 .2  (0 . 1 )  0 . 1 (0 . 1 )  

M. truncata 3 1 (0. 1 )  1 . 1  (0 . 1 )  0 . 7 (0 . 1 )  0 .4 (0 . 1 )  0 . 1 (O) 0 . 1 (O) 

A4 B. undatum 3 1 . 5 (0 . 3 )  1 . 8 (0 .3 )  1 . 3 (0 .4) 0 . 7 (0 . 1 )  0 . 1 (O) 0.3 (0 . 1 )  

H. araneus 3 2 . 8 ( 1 . 8)  2 .5  ( l )  1 . 6 (0 .7 )  0 . 8  (0 . 3 )  0 .2  (0 .2 )  0 . 3  (0 . 1 )  

S. droebach. 2 1 . 8 (0 . 5 )  1 . 6 (0 .2 )  1 . 8 (O )  0 . 6  (0 .2 )  0 . 1 ( O )  0 . 1 (O) 
M. scorpius 1 3 .0 2 . 8  1 . 6 1 . 0 0 . 2  0 . 3  

B l  B. undatum 3 2 . 3  (0 .7)  1 . 6 (0 .4) 1 .4 (0 .6)  0 .9  (0 .3)  0 . 2  (O)  0 .2  (0 . 1 )  
H. araneus 2 3 .4 ( 1 . 6) 1 . 8 (0 .5 )  1 . 1  (0 .3 )  1 . 1  (0 . 5 )  0 .4 (0 . 3 )  0 . 5  (0 .4) 

B2 H. araneus 3 2 . 6  (0 .7)  1 . 9 (0 .6)  1 . 1  (0 . 3 )  0 .9 (0. 1 )  0 .2  (0 . 1 )  0 .2  (O)  

G. tricuspis 6 . 8  0 . 2  3 . 1  1 . 9 0 .4  1 . 0 
M. scorpius 1 2 . 5  2 . 2  1 . 3 0 .9  0 .3  0 .2  

B 3  S. droebach. 2 1 . 6 (0 . 1 )  1 . 7 (0 .7)  1 .4 (0 .4) 0 .4 (O) 0 . 1 (O) 0 . 1 (O) 

M. scorpius 1 5 .0 4 .9  2 . 8  2 . 6  0 .4  0 .4  
B4 B. undatum 3 1 . 1  (0 .2)  0 .9  (0 . 1 )  0 . 7 (0 . 2 )  0 .4 (0 . 1 )  0 . 1 (O) 0 . 1 (O) 

H. araneus 3 3 (0 .9)  1 .  9 (0 .5)  1 .4 (0 .4)  0 .9  (0 .4) 0 . 1 (0 . 1 )  0 . 3  (0 .2 )  

M. truncata 0 . 8  0 . 7  0 .4  0 . 3  0 . 1 0 . 1 
M. scorpius 1 1 4.3 1 7 . 1  6 . 0  4 .9  0 . 7  2 . 5  

G l  B .  undatum 3 1 . 1 (0 . 1 )  1 (0 . 1 )  0 . 8  (0 . 1 )  0 . 5 (0 . 1 )  O (O)  0 . 1 (O)  

H. araneus 3 1 . 8 (0 .7)  2 .3  ( 1 .9) 1 . 8 ( 1 .6)  0 . 5  (0 .2)  0 . 1 (O) 0 . 1 (O) 
M. truncata 3 0 .2  (O) 0 .2  (O) 0 .2  (O) 0 . 1 (O) O (O) O (O) 

G2 H. araneus 3 3 . 1  (0 .8 )  2 . 6  (0 .8)  1 . 6 (0 .4) 0.6 (0 . 1 )  0 . 2  (O) 0 . 1 (O) 

M. truncata 2 0 . 8  (0 .4) 1 (0 .4)  0 .8  (0 . 3 )  0 .3  (0. 1 )  0 . 1 (O) 0 . 1 (O)  
G. tricuspis I 7 . 6  7 .4  4 . 3 1 . 8 0 . 5  0 . 5  
B. glaciale 3 1 . 5 (0 .2)  1 .4 (0 .2)  0 .9  (0 . 1 )  0 .6  (O . l )  0 .2  (O . l )  O . l (O)  

M. scorpius 2 6 . 3  (6 .2)  8 . 4  ( 8 .4) 3 . 8  ( 3 . 5 )  1 . 7 ( 1 . 2 )  0 . 3  (O . l )  0 .4 (0 . 3 )  
G3 B. undatum 3 3 .4 (2)  6 . 2  (4 .9) 4 .6  ( 3 .4) 1 .4 (0 .4)  0 . 2  (O) 0 .3  (O)  

H. araneus 3 4 ( 1 .6)  2 .7  (0 .6) 2 (0 . 3 )  1 . 3 (0 .6)  0 . 2  (O) 0 .4 (O . l )  
Kl B. undatum 3 2 . 8  ( l . S )  2 . 7  (2 .6) 2 .4  (2 .4) 0.8 (0 . 5 )  0 . 1 (O )  0 . 5  (0 . 5 )  

H. araneus 3 2 . 5  (2 . 5 )  1 . 3 ( l )  0 . 8  (0 .6)  0 . 5  (0 .4)  0 .2 (0 . 1 )  0 .2  (0 . 1 )  
M. scorpius 2 1 . 9 (0 . 3 )  1 . 6 (0 . 1 )  0 . 8  (0 . 1 )  0 . 7 (0) 0.2 (O) 0 .2  (0 . 1 )  

K2 B. undatum 3 1 (0 . 5 )  0 . 7  (0 .2)  0 . 5  (0 .2)  0 .4 (0 . 1 )  0 . 1 (O) 0 . 1 (O)  
H. araneus 3 5 ( l .  7 )  2 .4  ( 1 . 1 )  3 . 5  ( 2 . 5 )  4 .2  ( 3 . 5 )  0 .2  (0 . 1 )  0 . 1 (O)  
M. scorpius 1 4 .9  3 .4 2 . 1 1 . 3 0 . 3  0 .4 

I l  B. undatum 3 2 .4  (0 .2)  1 . 9 (0 .2)  1 . 7 (0 . 1 )  0 . 9  (0 . 3 )  0 . 3  (0 . 3 )  0 .2  (O )  
H. araneus 3 1 1 .4 (4.3 )  6 . 8  (2 .9 )  4 . 5  ( 1 . 3 )  2 (0 .8 )  0 .9  (0 .4) 0 .6  (0 .2)  
S .  droebach. 2 1 . 8 (0 . 3 )  0 . 9  (0 . 1 )  0 . 8  (0 . 1 )  0 . 3  (O) 0 . 1 (O) 0 . 1 (O)  

M. truncata 3 1 (0 .2)  0 . 7  (0 . 1 )  0 .4 (0 . 3 )  0 . 3  (0 . 1 )  0 . 1 (O) 0 . 1 (0 . 1 )  
G. tricuspis 1 2 1 .4 2 1 .0 9 . 1 5 . 2  0 . 6  1 . 8 
B. glaciale 3 1 . 2 (0 . 1 )  0 . 9  (0 . 1 )  0 . 7  (0 .2 )  0 . 5  (O) 0 . 1 (O) 0 . 1 (O) 

M. scorpius 3 4 . 1 ( 3 . 5 )  4 . 9 ( 1 . 5 )  3 . 6  ( 1 .2 )  1 . 8 (0 .2 )  0 .6  (O . l )  0 . 8  (0 . 5 )  

24 



Appendix l 

Station Species n Dibe n z o- Fluorene Dibenzo- Phen an- A nthra- 3-Methylene-
furan thiophene threne cene phenanthrene 

A l  B. undatum 3 0 . 8  (0 .2)  0 .9  (0 .2)  O . l (O)  2 .3  (0 .4)  O . l (O) 1 ( 1 . 1 )  
H. araneus 3 1 . 1  (0 .3)  0 .9  (0 .4)  O . l (O)  2 .5  (0 .9)  O . l  (O . l )  0 .6  (0 .7)  
M. /runca/a 2 0 . 3  (O. l )  0 . 3  (O) O . l (O) 1 . 8 (0 . 5 )  O (O) 0.6 (O) 

G. tricuspis l 1 . 3 1 .4 0 .2  2 . 2  0 .2  0 . 3  
A2 B. unda/um 3 0 . 9  (0 .2)  0 . 7  (O . l )  0 .2  (O . l )  3 . 1  ( 1 . 5 )  0 . 3  (0 .2)  0 . 8  (0 .9)  

H. araneus 3 1 (0 . 3 )  0 . 8  (0 .2)  O . l (O . l )  1 . 9 (0 .4)  O . l (O) 0 .3  (O . l )  

M. /runcata l 0 . 6  0 .4  0 .2  2 .4 O . l 1 . 2 
A3 B. undatum 3 0 . 7  (0 .2)  0 . 6  (O) O . l (O) 1 . 8 (0 .4) O . l (O) 0.3 (O . l )  

H. araneus 3 0 . 7  (0 .3 )  0 .5  (0 .2)  0 .2  (0 . 1 )  2 . 7 (2 . 1 )  O . l  (O . l )  5 .9 (9 . 5 )  

M. /runcata 3 0 . 5  (O. l )  0 . 5  (O . l )  O . l (O) 1 . 8 (0 .6)  O . l  (O . l )  0 .4 (0 .2)  

A4 B. undatum 3 0. 7 (0 . 1 )  0 .6  (0 .2 )  O . l (O) 1 . 7 (0 .7 )  O . l (O) 0 .3  (0 .2)  
H. araneus 3 0 . 8  (0 .2)  0 .6 (0 . 1 )  O . l (O) 1 .4 (0 .6)  O . l (O . l )  0 . 3  (O . l )  

S. droebach. 2 0 . 9  (0 .3 )  0 .3  (O . l )  O . l (O) 1 .4 (0 .2)  O . l (O)  0 . 3  (0 .2)  
M. scorpius l 0 . 7  0 . 7  O . l 1 . 3 O . l 0 . 1 

B l  B. undatum 3 0 . 5  (O . l )  0 . 5  (O) O . l (O) 1 . 3 (0 .4) O . l (O) 0.3 (O) 

H. araneus 2 1 .4 ( 1 . 3 )  0 .6  ( 0 . 3 )  O . l (O) 2 . 3  (2 . 1 )  0 . 1 (0 . 1 )  0 .2 (0 . 1 )  

B2 H. araneus 3 0 . 8  (0 .2) 0.4 (O . l )  O . l (O) 1 .4 (0 . 3 )  O (O) 0 . 5  (0 .6)  

G. tricuspis l 1 .4 1 . 2 0 . 3  4 .4  O . l 1 3 .3 

M. scorpius l 0. 5 0 . 5  O . l 1 . 1 O . l 

B3  S. droebach. 2 0 . 5  (O . l )  0 . 3  (O) O . l (O) 1 . 3 (0 . 5 )  O . l (O . l )  0 . 3  (0 .2)  

M. scorpius 1 0 . 8  0 . 7  0 . 2  2 . 1  0 .0  1 2 .4 

B4 B. unda/um 3 0 .4 (0 . 1 )  0 .3  (O . l )  O (O) 0 .9  (0 .2) O . l (O) 0 . 1 (O) 

H. araneus 3 0 . 8  (0 .2)  0 .9  ( I )  0 . 3  (0 .4) 2.4 (2 .2 )  O . l (O)  0 .2 (0 . 1 )  

M. /runca/a 0 . 3  0 . 3  O . l I . l  O . l 0 .2  

M. scorpius 2 . 6  5 . 4  0 . 3  5 . 1  0 . 8  1 . 2 

G l  B .  unda/um 3 0 . 3  (O . l )  0 .4  (O) O . l (O) l (0 .2 )  O . l (O )  0 . 3  (0 .2)  

H. araneus 3 0 . 6  (0 .5 )  0 .4 (0 .3 )  0 .2  (0 .2)  1 .4 (0 .9) O (O) 0 .4  (0 .4) 

M. truncata 3 O . l (O) O . l (O) O (O)  0 .2  (O) O (O) O . l (O) 

G2 H. araneus 3 0 . 5  (0 .2)  0 .4 (O . l )  O . l (O) 1 . 3 (0 . 3 )  O . l (O) 0 .2  (O . l )  

M. /runcata 2 0 .4  (0 .2)  0 .4 (0 . 1 )  0 .2  (O . l )  2 . 2  (0 .9)  O . l (O)  0 .4  (0 .2)  

G.  tricuspis l 1 . 1  1 . 2 0 . 3  4 . 3  0 . 6  

B.  glaciale 3 0 . 3  (0 . 1 )  0.4 (O . l )  0 . 1 (0 . 1 )  l .  7 (0 . 8) O . l (O) O. l (O) 

M scorpius 2 1 . 1  (0 .9)  1 . 1 (0 .9 )  0 . 3  (0 .3 )  3 .6  ( 3 . 9 )  O (O )  0 .2  (0 .2)  

G3 B. undatum 3 1 . 1  (0 .8) 1 . 1  (0 .7 )  0 . 5  (0 .3 )  3 . 5 ( 1 . 6)  0 .2  (O) 0 . 6  (0 . 5 )  

H. araneus 3 0 . 9  (0 .2)  0 . 6  ( O . l )  O . l (O) 1 . 6 (0 . 3 )  O . l (O) 0 .3 ( O )  

Kl B. undatum 3 1 ( 1 . 1 )  0 .9  (0 . 8 )  0 . 3  (0 . 3 )  4 . 5  (4 . 3 )  0 . 7 ( 1 )  l (0 . 5 )  

H. araneus 3 0 . 5  (O . l )  0 .4 (O . l )  0 . 2  (O) 2 . 3  (0 . 8 )  0 .2  (O) 0.5 (0 .6)  

M. scorpius 2 0 . 5  (O) 0.4 (O) O . l (O) 1 . 3 (O . l )  O . l (O) O . l (O) 

K2 B. undatum 3 0 . 3  (O . l )  0 .2  (O) O . l (O) 0.8 (0 . 3 )  0 . 2  (0 . 1 )  0 .2  (O . l )  

H. araneus 3 0 . 7 (0.4) 0 .6  (0 .2 )  O . l (O) 0 . 8 (0 . 1 )  O (O) 0 .2 (O) 

M. scorp ius 1 1 . 1  1 . 0 O . l 1 . 9 O . l 0 . 2  

I l  B. undatum 3 0 .4 (O . l )  0 . 5  (O . l )  O . l (O) 1 . 5 (0 .2)  0 . 1 (O) 0 .3 (O) 

H. araneus 3 1 .4 (0 .4) 1 . 2 (0 .4) 0 .2 (O) 3.3 ( 0 . 9) 0 .4 (0 . 1 )  O . l (O . l )  

S. droebach. 2 0 . 5  (0 . 1 )  0 .2  (O) O (O)  0 . 7  (O) O . l (O) 0 . 1 (O) 

M Iruncata 3 0 .4 (0 . 1 )  0 . 3  (0 . 1 )  0 . 3  (0 .5 )  5 .9  ( 8 . 5 )  O . l (O) 65 . 3  ( 1 1 2 .6)  

G. tricuspis 1 4 . 5  3 . 7  0 . 8  1 2 .4 0 .4  l . S 

B. glaciale 3 0 . 3  (O . l )  0 . 3  (O) O. l (O . l )  1 . 5 ( l . l )  0 . 1 (O) 9 ( 1 5 .4) 

M scorp ius 3 1 . 3 (0 .5 )  1 . 3 (0 .7 )  0 . 3  (0 .2 )  4 . 5  (3 .2 )  0 .4  (0 . 3 )  0 . 3  (0 . 3 )  
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Appendix  1 

Station Species n 2- 2- 9- } - Fluoran- Pyrene 
Methylene- Methylene- Methylene- Methylene- thene 

phenan- anthracene phenanthrene phenanthrene 
threne 

A I  B. undatum 3 2 .2 (2 .9) 0.2 (O) 1 08 .4  ( 1 66 . 1 )  3 . 1 (2 . 8) 0 .6 (0. 3)  0.6 (0 .3)  
H. araneus 3 1 .7 ( 1 .4) O (O) 1 1 2 .3  ( 1 0 1 . 1 )  4 . 8  (4.4) 0 .3  (O. l )  0 .6 (0.3)  
M. truncata 2 0.9 (0. 1 )  O. l (O) 1 (O. l )  0 .9  (0.2) 0 .6 (0. 1 )  0.4 (0. 1 )  
G. tricuspis l 1 . 2 1 0 . 8  1 .0 0 .8  0 .9 

A2 B. undatum 3 1 .4 ( 1 .8)  0.2 (O. l )  0 .9 (0.9) 0 .9 ( 1 )  0 .6 (0.5) 0 .8  (0.9) 
H. araneus 3 0.5 (0.2) O (O) 5 . 1 (3 .4)  0 .6 (0.3)  0.5 (O. l )  I (0.6) 
M. truncata I 1 . 2 2 .0 1 .0 0 .7 0 .9 

A3 B. undatum 3 0.4 (0.2) 0.5 (0. 8)  1 .4 ( 1 .6) 0 .6 (0.3)  0 .3  (O. l )  0 .3  (0. 1 )  
H. araneus 3 1 1 . 1 ( 1 8) 0 .8  ( I) 6 .7 (7 .8 )  5 .8  (8 .5)  1 . 9 (2 .5)  4 .7 (7 .5)  
M .  truncata 3 0.6 (0. 1 )  O (O) 9 . 8  (4 .3 )  0 .8  (0.2) 0 .6 (0.2) 0.4 (0.2) 

A4 B. undatum 3 0.4 (0.2) O (O) 0 .3  (0.2) 0 .6 (0.3 )  0. 3 (O. l )  0.4 (0.2) 
H. araneus 3 0.6 (0.2) O (O) 1 3 . 8 ( 1 6 .6) 1 (0.6) 0.4 (0. 1 )  0.5 (0.2) 
S.  droebach. 2 0.5 (0.2) O (O) 0 .5 (0.4) 1 . 1 (0.4) 0. 3 (0. 1 )  0.4 (0.2) 
M. scorpius 0.3 0. 3 0 .3 0 .3  0 .3  

B l  B. undatum 3 0.4 (O) 0.4 (O) 1 8  (6 .7)  3 .6 (3 .3)  0.4 (0 .2)  0.6 (O. l )  
H. araneus 2 0.5 (0. 3)  O (O) 22 ( 1 9 .7)  0 .9 (0.5 )  0.4 (0.2) 0.5 (0.2) 

B2 H .  araneus 3 1 . 1 ( 1 )  0. 1 (O) 4 . 3 (6. 1 )  0 .9  (0.5 )  0 . 5  (0.3)  1 .2 ( 1 .2)  
G. tricuspis I 25 .6  1 4 . 1  1 0 .9  5 . 3  20.7 
M. scorpius I 0 .3  4 .0 0. 3 0.4 0.6 

B3 S. droebach. 2 0.5 (0.2) 0 .2 (O) 0 .5 (0.2) 0 .6 (O) 0.6 (0.4) 1 6  (9 .3 )  
M .  scorpius I 23 . 1 0.0 1 0.9 1 0.5  6 .2 45 .7 

B4 B. undatum 3 O. l (O) O (O) O. l (O) 0.2 (O) 0.2 (O) 0.3 (O. l )  
H. araneus 3 2 .9  (4.4) O (O) 2 .7  (4 .2)  2 (2 .7) 0.4 (0. 1 )  68 . 1 ( 1 1 7) 
M. truncata 0.4 0.3 0.3 0.5 0.8 
M. scorpius 2 .5  1 2 .4 2. 1 1 . 5 2 . 1 

G I  B. undatum 3 0.2 (O. l )  O. l (O) O . l (O) 0 .3  (0. 1 )  0 .2 (0. 1 )  0 .2 (O) 
H. araneus 3 0.6 (0.5) 0 .8  (0.4) 0 .5 (0.5) 0 .9 (0.9) 0 .3  (0. 1 )  0 .3  (O. l )  
M. truncata 3 O. l (O) O (O) O. l (O) 0. 1 (O) O. l (O) O. l (O) 

G2 H. araneus 3 0.2 (O. l )  O (O) 3 .4  (5 .5)  0.4 (0. 3)  0 .3  (0.2) 0 .3  (0.2) 
M. truncata 2 0.6 (0. 3)  O. l (O) 0.5 (0.3 )  0 .6 (0.4) 0 .8  (0.4) 0.5 (0.2) 
G. tricuspis I 0.7 1 .5 0.4 0.3 1 . 3 1.6 
B. glaciale 3 0.2 (0. 1 )  O (O) O. l (O) 0.2 (O) 0.4 (0.2) 0 .3  (0. 1 )  
M. scorpius 2 0 .8  (0.9) 4.8 (6 .5)  O (O) 0.4 (0.3 )  I (0.9) l (0.7) 

G3 B. undatum 3 1 .2 (0.9) O (O) 0 .9 (0.9) 1 .5 ( 1 .4) 0 .6 (0 .5)  0.7 (0.2) 
H. araneus 3 0.9 (0.4) O (O) 32 .7  (23 .7)  1 .6 ( l  ) 0 .7 (0. 1 )  l (0 .3)  

K l  B. undatum 3 1 .7 (0.7) 0 .3  (0.4) 1 .4 (0.9) 3 (3 .5 )  2 .5  (2 .5)  2 .7 ( l .4) 
H. araneus 3 1 .2 (0 .8) O (O) 20.2 (29.7) 5 .4 (7 .9)  1 (0.5 ) 1 .2 (0.6) 
M. scorpius 2 0.4 (O. l )  O (O) 3 . 1 (4 .3 )  0.4 (O. l )  0.4 (O) 0.4 (0. 1 )  

K2 B. undatum 3 0.3 (O. l )  O (O) 0.7 (0.9) 0 .2  (0. 1 )  0. 3 (0.2) 0 .3  (O. l )  
H. araneus 3 0. 8 (0.4) O (O) 25 .7  ( 1 4 .2)  l (0. 1 )  0 .3  (O. l )  0 .3 (O. l )  
M. scorpius I l .S 36 .8  1 . 2 0 .7 0 .9 

I l  B. undatum 3 2 (0.9) O (O) 1 95 .4 (75 .9)  9 .6 ( 1 .9) 0 .3  (O. l )  0 .9 (0.2) 
H. araneus 3 1 (0.4) O (O) 39 .3  ( 1 0.5)  1 .5 (0.8 )  1 . 1  (0 .3) I . l  (0 .3) 
S.  droebach. 2 0 .2 (O) O (O) O. l (O) 0 .2  (O. l )  0. 3 (O) 0.3 (O) 
M. truncala 3 1 22.6(2 1 1 . 1 )  O (O) 99.4 ( 1 02 .9)  66 ( 1 1 2 .5)  2 1 .6(36.2) 1 22 .8 (2 1 1 .9) 
G. tricuspis I 2 .7  0 .2 1 .5 1 .7 2 . 3  2 .5  
B. glaciale 3 1 7 .6 (30. 1 )  4 . 1 (5 .2)  1 7 . 2  ( 1 4 .8 )  7 . 7  ( 1 0.9) 5 .4 (8 .8 )  27 .8 (47 .3)  
M. scorpius 3 1 .7 (0.4) 35.6 (O) 39 (2 .3)  1 . 2 (0.3)  1 . 8 ( 1 .4) 1 .4 (0.5) 
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Appendix l 

Station Species n Benzo [a ]  Retene Benzo [b] Benzo Cyclo Benz [ a ] an 
fluorine fluorene [ghi ]  penta [cd] -thracene 

fluoran - pyrene 
thene 

A l  B. undatum 3 0 .2  (O . l )  1 . 5 ( 1 . 8 )  0 .2  (0 . 2 )  0 . 3  (0. 2 )  O (O) O . l (O . l )  
H. araneus 3 O . l (O . l ) 3 .2 ( 3 )  O . l (O . l )  O (O)  O (O) O. l (O . l )  
M. truneata 2 0 .2  (O) 1 . 9 (0 .8 )  O . l (O )  O . l (O )  O (O)  O . l  (O )  

G. trieuspis l O . l 0 .4 O . l 0 . 2  O . l 

A2 B. undatum 3 0 .2  (O . l )  1 . 7 ( 1 .9)  0 . 3  (O . l )  0 .2  (0 .2)  O (O)  0 . 2  (O) 
H. araneus 3 O . l (O . l )  1 .4 (0 .7 )  0 .2  (0 .2 )  0 . 3  (0 .2)  O . l (O) 0 .2  (O . l )  

M. truneata l 0 . 5  0 . 9  0 . 3  0 . 2  0 .0  0 . 2  

A3 B. undatum 3 0 .2 (0 . 1 )  2 . 2  (2 . 1 )  0 .6  (0 .2 )  0 .2  (O)  O (O)  O . l (O)  

H. araneus 3 0 .6  (0 .8 )  2 (0 .9)  0 .6  (0 .6)  O . l (O)  O (O)  0 .2  (O . l )  

M truneata 3 O . l (O) 3 . 8 ( 1 . 2)  O . l (O)  O . l (O) O (O) O (O) 

A4 B. undatum 3 0 .2  (O . l )  3 . 1 (2 . 7 )  O . l (O )  O . l (O . l )  O (O) O . l (O) 

H. araneus 3 0 .2  (O . l ) 0 .9  (0 .7)  0 .2  (O . l )  O . l (O) O (O) O . l  (O) 

S. droebaeh. 2 0 .2 (0. 1 )  1 . 7 (0 .2)  O . l (O) O . l (O) O (O) O. l ( O )  
M. seorpius l 0 .0  O . l 0 .0  O . l 0 .4 0 .0 

B I  B. undatum 3 O . l (O . l )  5 .4 (3 .7 )  O . l (O) 0 .2  (0 .2) O (O) O . l (O) 

H. araneus 2 0 .4 (0 . 5 )  0 . 7 (0 .8 )  0 . 1 (0 . 1 )  O . l (O) O (O) 0.2 (0 .2)  

B2 H. araneus 3 0 .2  (0 . 3 )  0 .3  (O . l )  0 .2  (0 . 3 )  O . l (O) O (O) O . l (O) 

G. trieuspis 3 . 1  1 . 0 3 . 5  O . l 

M. seorp ius l 0 .2  O . l 0 .0  0 . 0  

B3  S. droebaeh. 2 0 . 3  (0 .3 )  8 .8  (5 )  O . l (0 .2 )  O . l (O)  O (O)  0 .2  (0 .2)  

M. seorpius l 1 9 .8  6 .4  1 9 . 1  0 . 2  0 .0  0 .2  

B4 B. undatum 3 O (O) 2 . 5  (0 .6) O . l (O) 0.2 (O) O (O) O (O)  

H. araneus 3 O (O) 39 .2  (67 .2)  5 .5  (9 . 5 )  0 .2  (0 .2)  O (O) O . l (0 .2) 

M. truneata 0 .2  O . l 0 .2  O . l 0 .0  0 . 0  

M. seorpius l O . l 1 . 9 0 .2  0 .2  

Gl  B. undatum 3 0 .2  (O) 4 (2 .9 )  0 . 7 (0 . 1 )  O . l (O) O (O) O (O)  

H. araneus 3 0 . 3  (0 .4) 1 . 3 ( 1 .2 )  0 .2  (O . l )  O (O)  O (O) O (O . l )  

M truneata 3 O (O) 0.7 (0 . 5 )  O (O )  O . l (O . l )  O (O) O (O)  

G2 H. araneus 3 O . l (O . l )  4 .6  (7 . 1 )  O . l (O . l )  O . l (O) O (O) O . l (O) 

M. tru nea ta 2 0 .2  (0 .2)  3 . 2 ( 1 . 8) O . l (O . l )  0 .2 (0 . 1 )  O (O) O . l (O) 

G. trieuspis l 0 .2  0 . 3  0 . 7  

B. glaeiale 3 O (O) 0 . 7  ( 1 )  O . l (O) O . l (O) O (O) O. l (O . l )  

M. seorp ius 2 O . l (O . l )  0 .2  (O . l )  0 .2  (0 .2 )  O . l (O . l )  O . l (O)  O . l (O) 

G3 B. undatum 3 0 .9  (0 .7 )  5 . 1  (0 . 8 )  0 .4 (0 . 3 )  0 . 4  (O) O (O) 0 .2  (O . l )  

H. araneus 3 0 . 3 (0 . 1 )  3 (0 .4) 0 .4  (0 .2 )  O . l (O )  O (O)  0 .2  (O )  
Kl B. undatum 3 0 . 7  (0 . 5 )  37 . 7  (48) 0 .5 (0 . 5 )  0 . 2  (0 . 2 )  O (O )  0 . 7  ( I . l )  

H. araneus 3 0 .2  (O . l )  6 . 3  ( 7 . 3 )  0 .2 (0 . 1 )  0 .2  (O) O (O) 0 .2 (O) 

M. seorpius 2 O . l (O) 0 .4 (0 .4) O . l (O) O (O)  O (O) O (O)  

K2 B. undatum 3 O (O) 0.5 (0 .7 )  O (O)  O (O)  O (O) O (O)  

H. araneus 3 O (O) 0.7 (0 .4) O (O) O (O) O (O) O (O)  

M. seorp ius I O . l O . l O . l O . l 0 .0  O . l 

I l  B .  undatum 3 O . l (O . l ) 6 . 8  (9 .9 )  O . l (O)  O . l (O)  O (O)  O . l (O)  

H. araneus 3 O . l (O) 2 .6 (0 .9)  O . l (O) O . l (O) O (O) 0 . 1 (0 . 1 )  

S. droebaeh. 2 O . l (O) 0.2 (0 .2)  O (O) O (O) O (O) O (O)  

M. truneata 3 46 .4 (80) 20.4 (29 .8 )  1 7 .4 (30 . 1 )  2 . 6  (4 .2)  7 .4 ( 1 2 . 7 )  2 .4  ( 3 . 7 )  

G .  trieuspis l 0 .2  1 . 2 0 .2  0 .2  O . l O . l 

B. glaeiale 3 1 0 . 8  ( 1 8 . 5 )  7 . 3  (6 .7 )  1 2 . 8  (22)  0 .2  (0 .2)  O (O)  0 .2  (0 .2)  

M seorp ius 3 O . l (O) 0 .2 (0 . 1 )  O . l (O) O. l (O) O (O) O . l (O) 
0 . 2  
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Appendix l 

Station Species n Chrysene*/- Benzo[b*/j/k*]- Benzo[a] - Benzo[e] - Benzo[a] - Perylene 
Triphenylene fluoranthene fluoranthene pyrene pyrene 

A l  B. undatum 3 7 .9  ( 1 2A) OA (0.2) O. l (O) 0.7 (0.7) O. l (O. l )  0.2 (0.3 )  

H .  araneus 3 l ( 1 )  0 .3  (0.3)  O (O) 0.3 (0.3 )  O. l (O) O. l (O. l )  
M. truncata 2 0 .8  (O . l )  0 .3  (O) O (O) 0.9 (O. l )  O (O) O (O) 
G. tricuspis I OA 0.3  O. l 0.2 O. l 0.2 

A2 B. undatum 3 0 .8  (OA) 0.6 (0.6) 0 . 1 (O) 0.5 (0 .5)  O (O) OA (O) 
H. araneus 3 0 .6 (OA) l A  (0.3) 0 .2  (O. l )  0.9 (0.6) 0.3 (O. l )  OA (0.2) 
M. truncata I 0 .9  OA 0.0 1 . 3 O. l O. l 

A3 B. undatum 3 0.5 (O. l )  0.2 (O. l )  O (O) 0.2 (0. 1 )  O. l (O) O (O) 
H. araneus 3 0 .6  (0.6) 1 (0.5) O. l (O) OA (0.5) 0 .2  (O) O. l (O) 
M. truncata 3 0.6 (0.2) 0 .3  (O) O (O) OA (0.2) O (O) O. l (O) 

A4 B. undatum 3 0 .5 (0.2) 0.2 (0.2) O (O) 0.3 (0.2) O. l (O) O. l (O) 
H. araneus 3 OA (0.2) OA (O. l )  O. l (O) 0.3 (O. l )  0.2 (O. l )  O. l (O. l )  
S. droebach. 2 0 .6 (OA) OA (O. l )  0. 1 (O) OA (0.2) O. l (O. l )  0.2 (O) 
M. scorpius O. l 0.2 0 . 1 0 .2 0 . 1 0 .2 

B l  B. undatum 3 1 .7 ( 1 .3 )  0 .3  (0. 1 )  O (O) 0.3 (O. l )  O (O) O (O) 
H. araneus 2 1 ( 1 . 1 )  1 . 3 ( 1 .5)  O. l (O. l )  OA (0.2) 0 .2  (O) OA (O) 

B2 H .  araneus 3 0 .3  (O) 0.3  (O. l )  O. l (O) 0.3 (O. l )  O. l (O) 0.2 (O) 
G. tricuspis I 0 .2 0 .2 0.2 0.2 
M. scorpius I O. l O. l 0.0 

B3 S. droebach. 2 0 .5 (0.2) OA (0.5) O. l (O) 0.5 (0.3)  0 .3  (0.2) O. l (O) 
M. scorpius I 0 .6 O. l O. l 0.2 0.0 0.0 

B4 B. undatum 3 0 .3  (O) O. l (O) O (O) O. l (O) O (O) O (O) 
H. araneus 3 OA (0.2) 0 .2  (O. l )  O. l (O) O. l (O. l )  O. l (O) O. l (O) 
M. truncata OA O. l 0.2 
M. scorpius 0.6 OA 0.2 OA 0.5 

G I  B. undatum 3 0 .3  (0.2) 0 .2 (O) O. l (O) O. l (O. l )  O (O) O (O) 
H. araneus 3 0 .5 (OA) 0.2 (0.2) O (O) 0.2 (0.3) O. l (O. l )  O (O) 
M. truncata 3 O. l (O) O. l (O) O (O) O. l (O) O (O) O (O) 

G2 H. araneus 3 OA (OA) OA (0.3)  O (O) 0.3 (0.3 )  O. l (O) O. l (O. l )  
M. truncata 2 0 .5 (OA) 0.3 (0.2) O (O) 0.7 (0.3)  O (O) O (O) 
G. tricuspis l O. l 0. 1 0 . 1 
B. glaciale 3 0 .2 (0. 1 )  0 .2 (O) O (O) 0. 1 (O) O (O) O. l (O) 
M. scorpius 2 0 .3  (0.2) 0 .7 (0.6) O (O) 0.7 (0.7) O. l (O) OA (O A) 

G3 B. undatum 3 l (0.7) 0.7 (0.6) OA (0.5)  0.5 (0 .3)  O. l (O) O. l (O) 
H. araneus 3 0 .6 (0.2) OA (O. l )  O. l (O) 0.3 (O. l )  0.2 (O. l )  0.2 (O. l )  

K l  B. undatum 3 0 .9 ( 1 . 1 )  1 .2 ( 1 .7) 0 .2 (0.2) 0.6 (0.7) 0 .6 (0. 8)  0 .2 (0.2) 
H. araneus 3 0 .6 (0.5 )  0.5 (O) O. l (O) 0.3 (0. 1 )  0 .2  (O. l )  0.2 (0.2) 
M. scorpius 2 O. l (O) 0.2 (O. l )  O (O) 0.2 (O) 0. 1 (O) 0. 1 (O) 

K2 B. undatum 3 0 .3  (0.3) 0 . 1 (O) O (O) O (O) O (O) O (O) 
H. araneus 3 OA (0.2) 0. 1 (0. 1 )  O. l (O) O. l (O. l )  O (O) O (O) 
M. scorpius I 0 .2  0 .2 0 . 1 0 .2  0 . 1 

I l  B. undatum 3 7 . 6 (0) O. l (O) O (O) O. l (O) O (O) O (O) 
H. araneus 3 0. 8 (OA) 0.3 (0.2) O (O) O. l (O. l )  0. 1 (O) O (O) 
S. droebach. 2 0 .2  (O. l )  O. l (O) O (O) 0. 1 (O) O (O) O (O) 
M. truncata 3 7 .7  ( 1 2 .3)  0 .2  (O. l )  O (O) 0.2 (O. l )  O. l (0. 1 )  O (O) 
G. tricuspis I 0.4 0 .3  0 .2  OA 
B. glaciale 3 0. 8 (0.7) O. l (O) O (O. l )  O (O) O (O) O (O) 
M. scorpius 3 0 .3  (O. l )  O. l (O) 0. 1 (O) O. l (O. l )  O. l (O) O. l (O) 
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Appendix 1 

Station Speeies n I n deno- Dibenzo- Benzo l gh i l- Anthan Coronene Dibenz l a,e l-
I l ,2,3 -cd l l ac/a h * 1- perylene threne pyrene 

E�rene anthracene 
A I B. undatul1l 3 0 . 3  (0 .2)  0 .2  (O . l )  0 . 8  (0 .4) 1 1 .2 (9 .7)  O . l (O) O . l (O) 

H. araneus 3 0 . 8  (0 . 8 )  O. l ( O . l )  0 .4 (0 .4) 0.5 (0 . 3 )  O . l (O . l )  0 .2 (0 . 1 )  
M. truncata 2 0 .2  (O) O (O) 0.7 (O) O . l (O) O . l (O) O . l (O) 

G. trio/spis 1 O . l 0 . 5  0 . 8  O . l  0 . 3  
A 2  B. undatul1l 3 O (O) O (O) l . S (O) 28  (5 .6) 0.5 (O) O (O) 

H. araneus 3 1 . 2 (0 . 3 )  0 . 5  (O )  2 . 7  (0 .3 )  1 . 7 (0 .9)  1 .4 (0 . 1 )  O (O)  

M. truncata 1 1 . 7 0 . 8  
A 3  B. undatul1l 3 l . S (O) O (O) 0 .4  (O) 9 . 6 ( 1 . 5 )  O (O) O (O) 

H. araneus 3 O . l (O) O . l (O) 0 .4 (0 .3 )  0 .4 (0 .2)  O . l (O)  O . l (O) 

M. truncata 3 O . l  (O . l )  O (O) 0 .5  (O . l )  O . l (O) O . l (O) O . l (O) 
A4 B. undatul1l 3 0 .3  (0 .2)  O (O)  0 .2  (O . l )  1 2 . 8  (8 . 3 )  O . l (O )  0 .2 (0 . 1 )  

H. araneus 3 0 .4 (0 .2)  O . l (O)  0 . 8  (0 .3 )  0 .6  (0 .2)  0 . 3  (0 .2)  0 .2  (O)  

S. droebach . 2 O (O)  O . l  (O)  0 . 5  (O)  0 .2  (O) O . l (O) O . l (O) 
M. scorpius 1 0 . 3  2 .4 

B I  B. undatul1l 3 0 .6  (O . l )  O . l (O) 0.5 (O . l )  1 1 .2 (8 .9) O (O) O (O) 

H. araneus 2 0 .9  (0 .2)  O (O)  1 . 6 ( 1 . 1 )  1 .4 (0 . 8 )  0 . 5 (0 .2)  O (O)  
B2 H. araneus 3 0 .4 (0 .2)  0 .2  (O . l )  0 . 8  (0 .2)  0 . 6  (O . l )  0 . 3 (0 . 1 )  0 .2  (O) 

G. tricuspis 1 0 . 7  1 . 2 0 .4  

M. scorpius 0 .2  1 . 6 0 .2  0 . 3  

B3  S. droebach . 2 0.2 (O) O . l (O) 0 .4 (0 . 3 )  O . l (O )  O . l (O )  0 . 6  (0 .2 )  

M. scorpius 1 0 .0  0 .0  0 . 5  2 . 9  0 . 0  0 . 0  

B 4  B. undatlll1l 3 0 . 5  (0 . 3 )  O . l (O) 0.3 (O) 8 .2 (4 .2)  O (O)  O . l (O . l )  

H. araneus 3 0 .2  (O) O . l (O) 0 .4 (O . l )  1 ( 1 .4) 0 .2  (O) O . l (O . l )  

M. truncata 0 . 3  0 .0  0 .4  0 .0  O . l  O . l 

M. scorpius 1 1 . 5 1 .4 0 . 5  0 . 8  

G I  B. undatul1l 3 1 . 6 (O) O (O) O (O) 8 .4  ( 3 )  O (O) O (O) 

H. araneus 3 0 .2  (O) O . l (O) 0.3 (0.2) 0.7 (0 . 3 )  O . l (O) 0.2 (O) 

M. truncata 3 O . l (O) O (O) O . l (O) 0 .2  (0 .2)  O (O) O (O) 

G2 H. araneus 3 0 .4 (O) O . l  (O . l )  0 .9 (0 .5 )  0 . 3  (O)  O (O)  0 . 5  (0 . 3 )  

M. truncata 2 0 .7  (0 .4) O (O) 0 .4 (0 . 1 )  O ( O) O (O) 0 .2  (0 . 3 )  

G.  tricuspis 1 0 . 5  1 . 0 1 .4 

B. glaciale 3 0 . 5  (0 .2)  O (O) 0 .4 (0 .2)  1 0 .4 (6 .2)  O . l (O) 0.3 (0 . 1 )  

M. scorpills 2 O (O) O (O) 1 . 3 ( 1 .4) 1 .4 ( O) O (O) 0 .3 (O) 

G3 B.  undatul1l 3 275 . 1 ( 3 8 8 .6) O (O) O (O) 785 . 3 ( 1  329 . 1 )  O . l (O) O . l (O) 

H. araneus 3 0 .6  (0 .4) O . l (O) 1 (0 .2)  1 .7 (0 . 1 )  0 .4  (O . l )  O (O) 
Kl B. undatum 3 0 . 8  (0 . 5 )  O . l (O) 0 . 1 (0 . 1 )  26 .7 ( 1 3 . 1 )  O . l (O) 0 .5 (0 .2)  

H. araneus 3 0 . 8  (0 . 3 )  O . l (O) 0.7 (0 . 3 )  2 .2 (2 .6 )  0 . 3 (0 . 1 )  3 . 6  ( 2 . 8) 

M. scorpius 2 O (O) O . l (O) 0.3 (O) 1 . 3 (0 .4) 0 .2  (O) 2 .6 ( 1 .4) 

K2 B. undatu11l 3 O . l (O) O (O) 0.2 (O) 9 ( 1 . 1 )  O . l (O) 0.3 (0 . 1 )  

H. araneus 3 0 . 7  (0 .2)  O (O)  0 . 5  (0 .2)  0 . 3  (O)  0 .2  (O . l )  0 .6 ( 0 .4) 

M. scorpius 1 0 . 7  0 . 8  0 . 2  0 . 8  

1 1  B .  undatum 3 0 .6  (O) 1 . 6 (2)  4 . 8 (7 . 3 )  64  (79 .2)  2 . 7  (O)  O (O)  

H. araneus 3 0 .4  (0 . 1 )  O (O) 0 . 7 (0 . 1 )  0 .6  (0 .2)  0 . 3  (O)  0 .4  (0 . 3 )  

S. droebach . 2 O (O) O (O) 0.2 (O) O (O) 0 . 1 (O) 0 .3 (O) 

M. truncata 3 0 .4 (0 .2)  O (O)  0 .4 (0 . 1 )  O . l (O) O . l (O) 0 . 1 (0 . 1 )  

G. tricuspis 1 3 . 1  0 . 7  0 . 5  9 . 7  

B .  glaciale 3 O (O) O (O) 0 .2  (O . l )  0 . 5  (0 .2)  O . l  (O)  0 . 1 (O)  

M. scorpius 3 0 . 1 (O) O (O) 0 .4 (0 .2)  0 .6  (0 .4) 0 .2  (0 .2)  0 .2  (0 . 1 )  
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Appendix I 

Station Speeies n Dibenz- Dibenz- I 1 6  US EPA I bi-cyclic S 3 -7 cycl ic I 3 8  P A H  
la , i l- l a,h l - P A H  P A H  P A H  

E�rene E�rene 

A l  B. undatum 3 O (O) O (O) 1 4.4 ( 1 4.6) 7.8 ( 1 .9) 1 45.3 ( 1 88) 1 53 . 1 ( 1 87.6) 

H. araneus 3 O (O)  O (O) 6 .7  (3 .5 )  7 .4 ( 1 .5 )  1 32 .8( 1 1 3 .5 )  1 40 . 1 ( 1 1 4.8) 

M. truneata 2 O (O )  O (O )  6 .2  (0.6) 2 .3 (0. 1 ) 1 2 .8 (0. 1 ) 1 5 . 1  (0.2) 

G. trin/spis 1 6 .3 20.5 25.2 45 .7 

A2 B. undatllm 3 O (O) O (O) 7 .5  (5 .4) 8.5 ( 1 .2 )  44.3 ( 1 6.4) 52 .8 ( 1 7 .5)  

H. araneus 3 O (O)  O (O) 1 1 .6 (3 . 1 ) 1 4. 1  (3 .6) 26 (4.9) 40. 1  (6.5) 

M. truneata 1 1 0.2 6 .7  1 8.2 24.9 

A 3  B .  undatlim 3 O (O)  O (O) 5 .4 (0.8) 7.1 (2) 22 .4 (0.4) 29.5 (2 .4) 

H. araneus 3 O (O)  O (O) 1 2 .9 ( 1 3 .7) 6.9 (3 .3 )  47.2 (5 7 .3)  54.2 (54.5)  

M. truneata 3 0 . 1  (O) O (O) 5.2 ( 1 .5 )  3 . 1  (0 .4) 22 .4 (7 .2)  25 .5 (7 .6) 

A4 B. undatum 3 O (O) 0 . 1  ( O ) 4.4 ( 1 .9) 5 . 2  (0.7)  23 .9 (9.4) 29.2 (9.9) 

H. araneus 3 O (O)  O (O) 5 .5  ( 1 .3 )  7 .7  (3 .7 )  25  ( 1 8.7) 32.7 (22 .4) 

S. droebaeh. 2 O (O)  O (O) 4.8 ( 1 .5 )  5 . 7  (0 .5)  1 0.9 (2.5)  1 6.5 (2)  

M. seorpius 1 3 .0 8.4 9 .2  1 7.6 

B l  B. undatum 3 O (O)  O (O) 5 .6  (0.5) 6 .2  (2) 46.3 ( 1 .7)  52 .5 (2 .5)  

H. araneus 2 O (O) O (O) 9.4 (7 .7 )  7 .5  (3 )  3 8.9 (33 )  46 .3  ( 3 5 .9) 

B2 H. araneus 3 0.8 (0 .3)  0 .2  (0. 1 ) 7 . 1  (2 .8)  6.5 ( 1 .8) 1 6.9 (5 .8) 23 .4 (4.4) 

G. trieuspis 39.1  1 1 .9 1 09.8 1 2 1 .7 

M. seorpius 1 3 .0 6.9 1 1 .2 1 8. 1  

B 3  S. droebaeh. 2 O (O)  0 . 1  (O) 2 1 .7 ( 1 2 .6) 5 . 1  ( 1 . 1 )  34. 1 ( 1 8 .3 )  39.2 ( 1 9.4) 

M. seorpius 1 0.0 0.0 94.5 1 5.3 1 63 .6 1 78.9 

B4 B.  undatum 3 O (O)  O (O) 2 .9 (0.2)  3 .2 (0.5 ) 1 5 .3 (3.7) 1 8.5 (3 .2)  

H. araneliS 3 O (O)  O (O) 77.8 ( 1 28.3)  7 . 1  ( 2 . 1 ) 1 28 .5 (209.9) 1 35 .6 (2 1 1 .5 )  

M. truneata 4.4 2 . 1  6 .8 8.9 

M. seorpius 1 1 3 .5 42.2 47.9 90. 1 

G l  B. undatum 3 O (O) O (O) 3.5 ( 1 .6) 3 .4 (0 .3)  1 8. 1  (4.6) 2 1 .5 (4.4) 

H. araneus 3 O (O)  O (O)  4.2 (2 .9) 6 .5 (4.4) 1 0.9 (7 .4) 1 7 .4 ( 1 1 .8) 

M. truneata 3 O (O)  O (O) 1 (0. 2 )  0 . 7  (0. 1 ) 2 .6 ( 1 )  3 . 3 ( 1 . 1 )  

G2 H. araneus 3 O (O)  O (O) 4.8 (2 .6) 8 ( 1 .9) 1 5 .3  ( 1 5 .9) 23 .2  ( 1 7) 

M. truneata 2 O (O)  O (O) 6.9 (3 .7 )  2 .8  ( 1 .2)  1 3 .6 (7 .3)  1 6.4 (8.4) 

G. trieu�pis 1 1 0.2 2 1 .0 1 8.6 39.6 

B. glaciale 3 O (O)  O (O)  4.3 ( 1 .6) 4.4 (0.5 ) 1 7 .3 (7 .4) 2 1 .7 (7 .4) 

M. seorpius 2 O (O)  O (O)  9 (8 .5)  20. 1 ( 1 9 .3)  1 9.8 ( 1 8.4) 40 (3 7.7)  

G3 B. undatum 3 O (O)  O (O)  1 9 1 .2 (322.4) 1 5 .6 ( 1 0.7)  989.4 ( 1  656.8) 1 005 ( 1  667. 1 ) 

H. araneus 3 O (O)  O (O)  7 .5  (0 .5)  1 0 (3)  50 .4 (24.6) 60.4 (26.8) 

Kl B. undatum 3 O (O)  O (O) 1 7  ( 1 6) 8 .7  (6.9) 79.4 (74.3) 88.2 (8 1 . 1 ) 

H. araneus 3 O (O)  O (O)  1 1 .9 (4.5) 5.2 (4.4) 49.7 (40.5) 54.9 (44.9) 

M. seorpius 2 O (O)  O (O)  5 .9 ( 1 .2 )  5 (0 .5)  1 3 .2 (3 .6) 1 8.3 (4. 1 ) 

K2 B. undatum 3 O (O)  O (O) 2 . 3 ( 1 ) 2 .6 ( 1 . 1 ) 1 1 . 1 (6.6) 1 3 .7 (6) 

H. araneus 3 O (O )  O (O )  4 ( 1 ) 1 5  (8.3) 34.4 ( 1 5 .3 )  49.4 (22 .6) 

M. seorpius 1 5 .9 1 1 .8 49.8 6 1 .6 

1 1  B .  undatum 3 O (O)  O (O)  1 2  (7 .8) 7 (0 .3 )  271  ( 1 48. 1 ) 277.9 ( 1 48) 

H. araneus 3 O (O) O (O) 9 (2 .6) 24.7 (9.3) 59. 1 ( 1 5 .8) 83.8 ( 2 3 .3 )  

S.  droebaeh. 2 O (O)  O (O)  2 .4 (O) 3.8 (0 .5)  4.4 (0 .2)  8.2 (0 .7)  

M. truneata 3 O (O)  O (O) 225 .6 (382 .9) 2.4 (0.6) 6 1 0.8 (967.8) 6 1 3.2 (967.3) 

G. trieuspis 1 32.2 56.7 54. 1 1 1 0 .8 

B. glaeiale 3 O (O)  O (O)  59.3 (98.6) 3.3 (0.4) 1 22 .4 ( 1 69.5) 1 25 .7  ( 1 69.8) 

M. seorpius 3 O (O)  O (O) 9 .3 (5 .8) 1 4.4 ( 1 .9) 5 5 . 1  ( 1 1 .3 )  69.5 ( 1 0.9) 
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Appendix 2 .  HCB and PCB concentrations ( wet weight pg go l )  in samples from fjords on Spi tsbergen (Svalbard): 
Respective fjords and spee ies are listed in Appendix l .  

Station Species 11 HCR PCR 1 8  PCR 28 PCR 3 1  PCR 33 

A l  B. undatum 3 2 1 9  ( 1 69) 24 ( 1 0) 26 ( 1 5 ) 1 9  ( 1 0) 1 0 (6) 

H. araneus 3 720 ( 1 1 2) 1 4  (3)  2 7  (6) 30 (5)  9 (2)  

M. truneata 2 1 70 ( 5 5 )  1 0 ( 1 )  9 ( 3 )  8 ( I )  6 (2 )  

G. trieuspis 1 890 35 48 28 1 9  

A 2  B .  undatum 3 1 26 (2 8)  18  (4) 1 7  (8) 12 (7) 8 ( 5 )  

H. araneus 3 9 1 0  (240) 1 3  (5)  21  (6)  25 (7) 9 ( 2 )  

M. truneata 1 5 1  6 7 6 4 

A3  B .  undatum 3 1 04 (3 1 )  6 ( 1 )  7 ( I )  6 ( I )  4 ( 1 )  

H. araneus 3 674 ( 1 1 6) 1 0 (2) 23 (6) 25 (4) 8 (2 )  

M truneata 3 252 ( 1 5 8) 1 4  (6) 16 (7) 1 5  (7) 1 0 (5)  

A4 B. undatum 3 238  (62) 13 (3)  14 (6)  6 ( l )  4 (O) 

H. araneus 3 678 ( 1 20) 1 7  ( 1 7) 24 ( l O) 3 1  ( 1 9) I l  ( 1 0) 

S. droebaeh. 2 48 ( 3 1 )  1 4  ( 1 0) 22 ( 1 4) 2 1  ( 1 4) 6 (4) 

M. seorp ius l 5 8 1  1 0  1 7  8 4 

B l  B. undatum 3 202 (7 1 )  I l  (5 )  19  (9) 9 (4) 4 (2 )  

H. araneus 2 l 662 ( I  0 1 2) 1 6  (8)  39  ( 1 9) 65 (27)  1 1  (6) 

B2 H. araneus 3 l 984 (429) 20 (6) 5 8 ( 1 0) 99 (4) 1 4  (3) 

G. trieuspis 1 769 33 59 42 25 

M. seorpius 782 8 35 1 6  5 

B 3  S. droebaeh. 2 46 (20)  1 1  (5)  33  (7)  3 6  ( 1 2 ) 9 ( 5 )  

M. seorp ius l 2 33 1  43 1 94 88 22 

B4 B .  undatum 3 227 (72)  1 1  (4) 24 (5) 8 ( 3 )  3 ( I )  

H. araneus 3 1 964 (9 1 6) 37 ( 3 1 )  46 (9) 80 ( 1 0) 1 6  (7) 

M. truneata 1 9 1  1 2  1 0  1 0  7 

M. seorpius l 1 667 73 1 39 65 59 

G l  B .  undatum 3 1 56 ( 35 )  8 ( 3 )  1 0  (4) 6 ( 2 )  4 ( 1 )  

H. araneus 3 5 1 4  (350) 6 ( l )  3 1  (23 )  3 1  ( 2 1 )  5 ( l )  

M truneata 3 37  ( 1 2 ) 3 (O)  3 ( l )  2 ( I )  2 (O) 

G2 H. araneus 3 l 0 1 1 (424) 1 2  (5) 73 ( 7 1 )  8 1  (63)  9 (4)  

M truneata 2 423 ( 1 53)  8 (6)  1 1  (8) 9 ( 7 )  6 (4) 

G. trieuspis 1 l 1 5 1  40 60 39 23 

B. glaeiale 3 357  (207) 9 (6)  17  (6) 7 ( 5 )  4 ( 3 )  

M. seorp ius 2 1 46 1 (980) 28  ( 1 8) 96 (27)  33  (22)  1 5  ( 1 4) 

G3 B. undatum 3 329 (7)  8 ( l )  1 9  (3)  10 (2) 6 ( 1 )  

H. araneus 3 1 686 (485) 23  (3) 77 ( 39) 99 (36)  16  (2) 

K l  B. undatum 3 366 ( 1 6 1 )  1 2  (2) 1 5  (3) I l  (3) 9 (2 )  

H. araneus 3 l 768 (864) 1 4  (4) 64 ( 35 )  64  (26 )  1 2  ( 1 )  

M. seorp ius 2 1 202 ( 1 42)  20 (6)  80 (8)  29 (4) 1 1  (3)  

K2 B. undatum 3 4 1 7  ( 1 08) 14 (7) 30  (8) 9 ( 5 )  7 ( 6 )  

H. araneus 3 1 905 (326) 14 (6) 47 (5) 76 (8)  8 ( 3 )  

M. seorpius l 3 570 3 1  1 96 55 25 

I l  B .  undatum 3 370 (83)  9 (2 )  16  (2) 8 ( 2 )  5 ( 1 )  

H. araneus 3 2 893 (928) 26  ( 1 7) 66 ( 1 8) 82 (40) 24 (9) 

S. droebaeh. 2 85 (23 )  24 (8 )  29 (5 )  24 (3)  8 (3)  

M. truneata 3 2 1 4 (8)  1 0 ( 1 )  1 3  (3)  14 (3)  8 (2)  

G. trieuspis 1 2758  1 82 266 1 77 99 

B. glaeiale 3 32 1 (62) 1 2  (3)  22 (4) 9 ( l )  5 ( 1 )  

M seorp ius 3 2 1 46 (69 1 )  2 2  (9) 1 1 6 ( 1 5) 39  (5)  1 6  (3) 
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Appendix 2 

Station Species n PCB 3 7  I-Tri-PCB PCB 47 PCB 52 PCB 60 PCB 66 

A l  B. undatum 3 7 ( 8 )  1 08 (74) 20  ( 1 0) 68 ( 39) 8 ( 5 )  44  (24) 

H. araneus 3 5 ( l )  93 ( 1 2) 23 (6) 53 ( 1 7) 1 0  (3)  68 (3 1 )  

M. truncata 2 2 ( l )  4 1  (5)  5 (O) 16 (3)  l (O) 7 (2) 

G. tricuspis l 5 1 40 55 1 4 1  1 9  9 1  

A2 B. undatum 3 3 (2)  7 8  (36)  I l  ( 5 )  29 ( 1 2) 2 (2 )  I l  (6) 

H. araneus 3 4 ( 1 )  1 00 (27) 23 (5)  83 ( 1 7) 1 0  ( 1 )  60 (7) 

M. truncala l 2 33 5 1 0  1 5 

A3  B. undatum 3 2 ( 1 )  3 3  (5)  4 (2 )  8 (2 )  2 ( l )  5 (2 )  

H. araneus 3 4 ( l )  89 (20) 1 8  (2) 44 (5)  7 ( 3 )  4 1  ( 1 5 )  

M. lruncata 3 3 (2 )  79 (4 1 )  9 ( 3 )  3 1  ( 1 6) 3 ( l )  1 2  (3)  

A4 B. undatum 3 1 (O)  48 ( 1 6) 22 ( 1 6) 82 ( 55 )  8 ( 1 0) 39 (42) 

H. araneus 3 5 (4) 84 (24) 1 8  (8) S l  (27) 8 (4) 52  (26) 

S. droebach. 2 2 ( 1 )  79  (45)  16 (8) 63 (25)  4 (2 )  25 ( 1 1 )  

M scorp ius l l 52 2 1  4 1  4 23 

B l  B. undatum 3 3 ( 3 )  75  ( 33 )  49 (29) 279 (89) 30  (8)  1 92 ( 1 05)  

H. araneus 2 8 ( 5 )  2 1 2  ( 1 06) 63  (39)  446 (232) 40 ( 1 2) 363 (22 1 )  

B2 H. araneus 3 1 0 (0) 220 ( 1 02) 1 2 1  (39) 897 (327) 7 1  ( 1 0) 534 (223) 

G. tricuspis l 9 1 22 1 00 5 1 8  46 339  

M. scorp ius l 2 92 94 1 65 44 272 

B3 S.  droebach. 2 7 ( 3 )  1 62 (64) 79 (26) 468 (2 1 5) 5 7  ( 1 7) 408 ( 1 62) 

M. scorp ills l 52 53 1 44 1 l 8 1 5  3 0 1  l 623 

B4 B. lIndatum 3 3 ( l )  7 1  (2 1 )  3 7  (25)  1 46 (83)  24 (6) 1 52 (89)  

H .  aranells 3 8 (O) 254 (4 1 )  5 0  (27) 269 (29) 27 (8) 22 1 ( 57 )  

M. trllncata 3 54 7 23 2 1 0  

M. scorpills l 1 3  257  1 22 226 46 1 93 

G l  B .  lIndatlIm 3 2 ( l )  37  (9) 6 (4) 36  (37 )  5 ( 3 )  1 8  (20) 

H. aranells 3 5 ( 3 )  1 04 (67) 3 1  (29) 1 25 ( 1 03) 2 1  (22) 1 49 ( 1 57) 

M. lruncala 3 l (O) 1 3  (2) 3 ( 1 )  7 (2 )  l ( O) 3 ( I )  

G2 H. aranells 3 I l  ( 1 2) 277 (234) 5 9 (47) 494 (500) 54 (54) 292 (265) 

M. Irllncala 2 4 ( 3 )  48 ( 3 5 )  8 ( 5 )  2 1  ( 1 1 )  3 (2)  12  (8)  

G. tricllspis l 7 225 75 294 37 205 

B. glaciale 3 2 (2 )  52 (26)  12  (4) 47 ( 1 4) 4 ( 1 )  22 (2) 

M. scorp ills 2 5 ( 5 )  25 1 ( 1 1 6) 1 67 (48) 546 (78)  1 1 6 (5 )  436 (56)  

G3 B. lIndatum 3 5 ( l )  60 (23 )  10  (2) 80 (25)  22 (4) 33 (4) 

H. aranells 3 1 7  (7) 326 ( 1 08)  7 7  ( 1 4) 677 ( 1 68) 67 (34)  422 (9 1 )  

K l  B .  lIndatlIm 3 4 ( 1 )  67 (20) 10 (5)  2 1  (2)  5 (2 )  I l  (2) 

H. araneus 3 1 1  (4) 22 1 ( 8 5 )  47  (43) 1 30 (47) 34  (34) 1 60 ( 1 3 1 )  

M scorp ius 2 3 (O) 1 30 ( 1 06) 94 ( 1 3) 1 54 (45) 56 ( 1 5 ) 1 68 ( I )  

K2 B. undatum 3 4 ( 3 )  80 ( 3 7 )  1 3  (4) 48 (22) 4 (2)  19 (7) 

H. araneus 3 9 (2 )  1 94 ( 1 5) 40 ( 1 7) 1 56 (72) 25 (6)  1 37 (39) 

M scorp ius l 6 386  88  1 3 5  22 1 3 5 

I l  B .  undatum 3 2 (O) 43 ( 1 0) 8 (2)  30 (5)  3 ( l ) 1 4  (4) 

H. araneus 3 1 2  (9) 276 ( 1 1 0) 64 ( 1 6) 3 1 6  ( 58 )  35  (6) 1 99 ( 1 8) 

S. droebach. 2 3 (O) 1 08 (23)  17  (5)  5 3  ( 1 2) 4 ( l ) 23 (5)  

M trllncata 3 3 (O) 5 1  (23 )  9 ( 3 )  24  (3) 3 ( l ) 1 2  (3)  

G. tricuspis 1 32 958  276 566 93 3 5 9  

B .  glaciale 3 2 ( 1 )  5 8  ( 1 4) 1 0  (3)  3 6  ( 1 6) 3 ( l ) 1 3  (4) 

M scorp ills 3 4 ( l ) 242 (38 )  73  (29) 8 1  (26) 3 8 ( 1 5 )  1 26 (48) 
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Appendix 2 

Station Species n PCB 74 I:-Tetra-PCB PCB 99 PCB 1 0 1  PCB 1 05 

A I  B. undatum 3 27 ( 1 4) 306 ( 1 82) 98 (32) 1 92 (7 1 )  42 ( 1 4) 

H. araneus 3 3 3  (20) 335 ( 1 07) 1 83 ( 1 79) 1 94 ( 1 04) 9 1  (6 1 )  

M. truncata 2 5 (2)  68 ( I l )  1 2  (5)  2 1  (7)  4 ( I )  

G. tricuspis 1 69 643 346 370  1 37 

A2 B. undatum 3 9 (4) 1 1 1 (5 5 )  43 ( 1 2) 29 (9) 1 3  (4) 

H. araneus 3 40 (8) 328  (43) 225 (67) 205 (48 )  1 40 (36)  

M truncata 1 3 37 l O 1 7  4 

A 3  B .  undatum 3 1 0  (4) 39 ( 1 6) 1 8  (5)  I 1  ( I )  8 ( I )  

H. araneus 3 20 ( I l )  237 (20) 74 (30) 1 25 (36) 60 ( 1 9) 

M. truncata 3 8 (2)  1 1 4 (45)  17  (2) 33 (7) 8 ( I )  

A4 B.  undatum 3 32 (26 ) 255 (2 1 9) 1 06 (58)  348  (447) 43 (33 )  

H. araneus 3 29 (22) 262 ( 1 20) 1 33 ( 1 1 3 ) 222 ( 1 80) 78  (56)  

S .  droebach. 2 1 8  (8)  245 (28)  83 (5)  796 (873)  50  ( 1 4) 

M. scorpius 1 1 7  1 57 1 96 40 5 1  

B I  B .  undatum 3 1 5 1  (34) 1 206 (532) 1 1 08 (498) 1 227 (789) 762 (258) 

H. araneus 2 209 ( 1 47) 2 234 (I 256) l 569 (885) 838  ( I  05 1 )  1 235 (40 1 )  

B2 H. araneus 3 322 ( 1 60) 3 894 ( I  407) 1 774 (768) 2 674 (756) 1 1 87 (408) 

G. tricuspis 1 250 2 45 1  2 098  2 342 1 1 06 

M. scorpius 2 1 9  1 308 2 239 305 l 05 1 

B3  S. dro ebach. 2 298 ( 1 06) 2 556 (783) 1 648 (280) 1 84 1 (234) 1 078 (244) 

M. scorpius l 1 368 8 054 6 940 1 846 4 672 

B4 B. undatum 3 I I I  ( 30) 730 (394) 8 1 0  (326) 642 (525)  5 1 1 ( 1 65) 

H. araneus 3 1 03 (47) l 392 (25 1 )  899 (43 1 )  I 601 (493) 781  ( 1 2 1 )  

M. truncata 1 6 79 23 34 1 0  

M. scorpius 1 1 56 1 097 884 324 348 

G I B. undatum 3 3 1 ( 1 3 ) 1 43 ( 1 1 3) 1 02 (50) 42 (54)  52 (42)  

H. araneus 3 80 (96) 925 (972) 406 (426) 740 (773) 322 (322) 

M. truncata 3 2 ( I )  29 (9) 1 0 (5)  15  (5)  6 (4)  

G2 H. araneus 3 1 64 ( 1 26) 2 096 (l 990) 1 1 63 ( I  1 88) 2 453 (2 757) l 035 ( I  070) 

M. truncata 2 8 (4) 94 ( 53 )  3 3  ( 1 4) 52 (24) 1 8 ( 1 1 )  

G. tricuspis l 1 52 1 346 984 1 527  545 

B. glaciale 3 5 5  ( 1 2) 207 (65)  483  ( 1 1 5) 63 ( 1 0) 55 (4) 

M. scorpius 2 446 (9 1 )  2 380 (39 1 )  2 673 ( I  283) 764 ( 8 1 ) l 799 (436) 

G3 B. undatum 3 205 (97) 497 ( 1 55)  623 (232) 66 (25 )  3 1 8  (37)  

H. araneus 3 246 (77) 2 893 (465) 1 7 1 2 (526) l 936 (l 5 87) I 369 (3 1 7) 

K l  B .  undatum 3 3 6 ( 1 7) 1 26 (28) 52 (25) 1 8  ( l )  1 2  (8)  

H. araneus 3 67 (53 )  754  (533 )  235  ( 1 92) 3 8 1  (249) 1 76 ( 1 5 1 )  

M. scorpius 2 1 57 (7) 778 (98) 435 (58 )  1 37 ( 1 1 1 ) 2 1 2  (8 )  

K2 B. undatum 3 1 8  (8) 1 45 (6 1 ) 76 ( 1 8) 3 9  (2 1 )  1 2  (4) 

H. araneus 3 5 7  (4 1 )  755 ( 1 26) 223 (93 )  5 1 6  (60) 1 66 (25) 

M. scorpius 1 1 04 603 40 1 1 68 226 

I 1  B. undatum 3 25 (7) 1 20 (28)  78  (42 )  1 7  (3 )  26 ( 1 3) 

H. araneus 3 1 03 ( 1 5 ) 1 341  ( 1 46) 591 ( 1 70) 986 (253)  430 ( 1 83)  

S.  droebach. 2 1 4  (6) 1 98 (5 5 )  39  ( 1 9) 80 (33 )  1 3  (5)  

M. truncata 3 8 (2)  1 1 4 (23)  1 4  ( l )  26 (5 )  5 (O )  

G .  tricuspis l 3 3 7  2 300 l 848 1 088 444 

B. glaciale 3 1 3  (2) 1 1 2 (29) 50 (3) 3 3  ( 1 5 ) 8 (4) 

M. scorpius 3 1 1 3 (43 )  579  ( 1 84) 398 ( 1 40) 76 ( 1 9) 208 (52)  
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Appendix 2 

Station Speeies Il peB 1 1 4 p e B  1 1 8  pe B 1 22 p e B  1 23 L -Penta- peB 

A I  B. undaful1l 3 6 ( 1 )  1 64 (4 1 )  l (O) 3 ( 1 )  690 (3 1 5) 

H. araneus 3 1 1  (8) 335 (243) l (O) 5 (2 )  l 1 22 (797) 

M. truncata 2 O (O) 16  (5)  O (O) O (O) 86 (3 1 )  

G. tricwpis l 1 5  5 1 6  l 9 2052 

A2 B. undatul1l 3 2 ( I )  5 8  ( 1 2) O (O) l (O) 234 (54) 

H. araneus 3 1 8  (3)  533  ( 1 57) l (O) 8 ( 3 )  l 4 5 7  ( 1 43)  

M.  truncata l l 1 7  O 66 

A 3  B .  undatul1l 3 2 ( I )  62 (9) 1 (O) l ( 1 )  1 24 (40) 

H. araneus 3 8 (2 )  1 87 (60) l (O) 4 ( 1 )  670 (2 1 7) 

M. truncata 3 l (O) 26 (3)  O (O) l (O) 1 39 ( 1 8) 

A4  B .  undatum 3 8 (6)  200 ( 1 2 1 )  1 (O) 3 (2 )  944 (96 1 )  

H. araneus 3 1 3  ( 1 3 ) 354 (330) 1 (O) 7 ( 7 )  1 1 90 (950) 

S. droehach. 2 1 3  ( 1 3 ) 325 (269) l (O) 2 ( I )  2 299 (2 1 5 1 )  

M. scorpius l 5 1 5 8 4 700 

B I  B. undatul1l 3 59 ( 1 2) 2 302 (483) 7 (3)  3 7 ( 1 5 ) 8 482 (3 024) 

H. araneus 2 1 07 (4 1 )  3 45 5  ( \  429) 1 7  (5) 73 (29)  1 3 9 5 3  (6 72 1 )  

B2 H. araneus 3 1 07 (48) 3 390 (I  503) 23 (6) 69 (24) 1 3  632  (4 064) 

G. tricuspis 1 0 1 3 274 1 4  60 1 3 608 
M. scorpius 8 1  2 736 3 46 9 239 

B3  S .  droehach . 2 69 ( 1 5 ) 2 904 (683) 39  (30) 61 ( 1 2) 1 0  928  ( l  959) 
M. scorpius l 3 7 1  1 1  5 3 6  20 23 1 34 7 1 6  

B4 B.  undatum 3 3 8  (7) 1 555  (42 1 )  5 ( 1 )  24 ( 1 2) 4 983  (2 359) 

H. araneus 3 73 ( 1 8) 2 068 (66 1 )  I I  ( 1 )  46 (7) 7 729 (2 1 29) 

M. truncata l 3 1  O O 1 68 
M. scorpius I 33 l 2 1 8  23 I 66 1 

G I  B .  undatum 3 9 ( 3 )  256  (72)  l ( 1 )  3 (2 )  609  (25 1 )  
H. araneus 3 35 ( 34) 954 (940) 7 (6)  20 ( 1 7) 3 696 (3 84 1 )  
M. truncata 3 l (O) 14 (6) O (O) l (O) 65 (2 8 )  

G2 H. araneus 3 1 07 ( 1 09) 2 970 (2 82 1 )  1 9  (23)  62 (66)  1 1  1 62 ( 1 2  050) 
M. truncata 2 I ( I )  45 (24) l (O) l ( 1 )  24 1 ( 1 1 8) 
G. tricwpis l 54 l 577 7 33 6 322 

B. glaciale 3 3 1  (9) I 357 (202) 2 ( I )  1 1  (2) 2 593 (586) 
M. scorpius 2 1 3 8 (42) 4 282 (1 503) 2 (O) 52 ( 1 2) 1 1  3 92 (3 850)  

G3 B. undatul1l 3 64 (O) I 986 ( 1 09) 5 ( I )  1 0  ( I )  3 1 6 1  ( I  2 1 6) 

H. araneus 3 1 39 (39) 3 970 ( 1 1 1 6) 29  ( 1 8) 73 ( 1 1 )  1 5  772 (3  694)  
Kl  B .  undatum 3 6 (2 )  1 43 ( 37 )  l (O) l (O) 3 1 3  (64) 

H. araneus 3 29 (23 )  626  (482) 2 (2)  1 3  ( 1 2) I 999 ( I  456) 

M. scorpius 2 20 ( I )  629 ( 1 4) O (O) 8 ( l )  l 928 (237) 
K2 B. undatul1l 3 4 ( 1 )  1 05 ( 1 8) O (O) 2 (O) 3 05 (69) 

H. araneus 3 22 (5)  5 5 0  ( 1 3 3) 3 (O) 1 3  (2) 2 474 (46 1 )  

M. scorpius I 23 970 9 l 0 1 0  
1 1  B. undatum 3 4 ( l ) 1 09 (35 )  I (O) l (O) 293 (98)  

H.  araneus 3 50 ( 1 1 ) l 5 1 3  (6 1 2) 8 (2)  34 ( 1 5 )  4 7 1 6 ( 1 053) 

S. droehach . 2 2 ( I )  54  (22)  I (O) l ( l ) 253  ( 1 09) 
M. truncata 3 l (O) 1 7  ( 1 )  O (O) O (O) 9 1  ( 1 1 )  
G. tricwpis l 87 1 5 5 6  1 3  3 6  5 494 

B. glaciale 3 3 ( O) 69 ( 1 3 ) O (O) l (O) 204 (27) 
M. scorpius 3 20 (6) 649 ( 1 75)  O (O) 9 ( 3 )  l 70 1 (404) 
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Appendix 2 

Station Species n peB 1 28 peB 1 3 8  peB 1 4 1  p e B  1 49 peB 1 53 

A l  B. lIndatlIm 3 59  ( 1 0) 364 ( 1 05)  60 ( 1 8) 2 1 4  (68)  6 1 9  ( 1 44) 
H. aranells 3 6 1  ( 30) 5 1 2  (448) 25  ( 1 5 ) 1 1 8 (36)  1 089 (9 1 0) 
M. truncata 2 4 (2 )  1 8  (5 )  3 ( l )  1 4  (3)  27 (5 )  

G .  tricuspis l 1 29 730  6 1  287  l 689 

A2 B. lIndatum 3 2 1  (4) 1 1 8  (23)  5 (2)  96 (33)  23 7 ( 5 6) 
H. araneus 3 84 ( 1 6) 565 ( 1 2 1 )  26 (7)  1 4 1  (36)  l 3 1 9  (552) 
M. truncata l 4 1 7  3 1 6  30 

A3 B. undatum 3 1 0 (3)  69 ( 1 8) 2 ( l )  1 8  (7) 1 56 (53 )  

H. araneus 3 40 ( l O) 2 1 6  (85 )  I l  (4) 80 ( 1 6) 375 ( 1 25)  

M. truncata 3 5 ( l )  22 (4) 3 (O)  1 8  (3)  34 (4) 

A4 B. undatllm 3 88  ( 8 1 )  7 1 9  (84 1 )  44 ( 38 )  4 12  (558) 1 4 1 0  ( l  674) 
H. araneus 3 5 3  (3 1 )  5 1 8  (528) 44 (47) 1 80 ( 1 65) l 344 ( l  486) 
S. droebach. 2 300 (374) l 607 (2 044) 307 (404) l 766 (2 269) 2 799 (3 508) 

M. scorpius l 60 272 7 1 9  6 1 4  

B l  B. undatllm 3 569 ( 1 69) l 920 (532) 1 3 3 (93) 580 (62) 3 083 (398) 

H. araneus 2 950 (359) 3 773 ( I  1 93) 253 ( 1 46) l 544 (78 1 )  5 2 1 4  ( 1 455)  

B2 H .  araneus 3 823 (378) 3 763 (2 280) 240 (88)  l 409 (386) 6 62 1  (4 766) 

G. tricuspis 960 3 842 389 l 563 4 928  

M scorpius 787  3 273 1 54 1 42 5 426 

B3 S. droebach. 2 705 (20) 2 305 (208) 1 60 (27) 89 1 (3 )  2 437 ( 1 49) 

M. scorpius l 2 7 1 4  9 405 287 420 1 2 92 1  

B4 B. undatum 3 433 (34) l 630 ( 1 87) 79 (64) 3 3 2  (59)  2 003 (448) 

H. araneus 3 6 1 0  ( 1 83) 2 747 ( 1 260) 1 5 8  ( 33 )  l 0 1 3  (5 1 9) 4 392 (2 449) 

M. truncata 7 26 4 1 8  43 

M. scorpius l 300 l 502 47 1 4 8  2 4 1 7  

G l  B .  undatum 3 63 ( 1 9) 244 (55 )  5 (6)  98  (42) 304 (77)  

H. araneus 3 1 95 ( 1 56) 742 (569) 44 (30) 359 (299) l 007 (803) 

M. truncata 3 4 ( 3 )  1 5  ( 1 0) 2 ( I )  I l  (6) 2 1  ( I l )  

G2 H. aranells 3 647 (754) 2 628 (2 998) 204 (273) l 350 ( I  57 1 )  3 434 (3 735)  

M. truncata 2 1 4  (9) 50 (29)  8 (4) 41 (22) 60 ( 33 )  

G .  tricuspis l 480 l 5 7 8  205 84 1 2 262 

B. glaciale 3 465 (255) l 8 1 3  (883) 5 (2) 26 1 ( 1 3 1 )  2 4 1 7  (766) 

M. scorpius 2 l 3 1 8  (394) 4 336 ( l  326) 1 63 (47) 1 82 ( 1 1 3) 5 987 ( l  538) 

G3 B. undatum 3 464 (76) 2 1 68 (245) 6 (4) 737 ( 1 84) 2 56 1 (266) 

H. araneus 3 9 1 4  ( 1 80) 3 759 (648) 253 (88)  l 7 1 1 (347) 5 004 (680) 

Kl B. undatum 3 42 ( l O) 260 ( 80) 4 ( 1 )  64 ( 40) 463 ( 1 7 1 )  
H. araneus 3 1 44 ( 1 1 0) 947 ( 82 1 )  6 1  (60) 335 (209) l 8 1 6  ( l  53 1 )  

M. scorpius 2 1 62 ( 1 2) l 059 ( 1 70) 40 (30) 5 6 (42) l 790 (385)  

K2 B. undatum 3 30  (9) 1 34 (49) 3 ( 1 )  5 4  ( 1 4) 3 0 1  ( 1 8) 

H. araneus 3 1 35 (46) 692 (220) 37 (4) 345 (72)  l 570 (463) 

M. scorpius l 1 82 l 226 40 69 l 967 

I l  B .  undatum 3 34 ( 1 6) 1 2 3 (32)  3 (O)  49 ( 1 8) 294 ( 1 1 3 ) 

H. araneus 3 266 (87)  l 446 (50 l )  6 8  ( 1 8) 6 1 8  ( 1 33)  2 457 ( 8 1 0) 

S. droebach. 2 1 3  ( 8) 5 5  (34)  7 (2)  5 3  (24) 1 1 7 (48) 

M. tru nea ta 3 4 (O)  16  (2) 2 (O) 1 6  (2) 29 (3 )  

G .  trieuspis l 4 1 8 2 1 5 1  96 404 6 746 

B. glaeiale 3 29 (4) 1 1 0 ( 37) 3 (2)  42 ( 1 0) 23 1 ( 1 6) 

M. seorpius 3 1 55 (42) 777 (272) 23 ( 1 1 )  3 7  ( 1 6) 1 423 (366) 
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Appendix 2 

Station Species n PCR 1 56 PCR 1 57 PCR 1 67 I-Hexa-PCR PCR 1 70 

A I  B. undatum 3 3 6 ( 1 6) 6 ( I )  1 8  (6) 1 907 (439) 1 62 (96) 

H. araneus 3 54 (40) 1 3  (9) 27 ( 1 4) 2 402 ( 1  866) 1 1 7 ( 1 06) 

M. truneata 2 2 (O)  O (O) 1 (O) 91  (24) 3 ( I )  

G. trieuspis 1 87 22 50 3 83 8  267 

A2 B. undatum 3 I 1  (2) 2 (O) 6 ( I )  652 ( 1 63 )  3 6  (4) 

H. araneus 3 99 (74) 23  ( 1 5 ) 5 3  (36)  2 890 (70 1 ) 1 52 (92) 

M. truneata 1 2 2 99 3 

A 3  B .  undatum 3 5 ( 3 )  2 ( I )  5 ( I )  3 2 8  (97) 1 3  (6)  

H. araneus 3 23 (7) 6 (2) 12 (4) 1 022 (292) 40 ( 1 0) 

M. truneata 3 2 (O)  1 (O) 1 (O) I 1 1  (26) 3 ( I )  

A4  B. undatum 3 59 (57 )  7 (4) 24 (2 1 )  3 746 (4 499) 1 44 ( 1 29) 

H. araneus 3 77 ( 85 )  14  ( 1 4) 42 (48) 2 787 (2 879) 1 54 ( 1 60) 

S. droebaeh. 2 62 (77)  1 3  ( J  6)  1 0 1  ( 1 29) 9 469 ( 1 2  (64) 228 (29 1 )  

M. scorpius 1 26 8 1 7  1 1 83 40 

B I  B. undatum 3 1 96 ( 58 )  5 3  ( 1 4) 1 04 ( 1 5 ) 8 547 ( 1  533)  203 (4 1 )  

H. araneus 2 423 ( 1 23)  1 26 (39)  208 ( 8 1 )  1 6 078 (5 767) 407 (97) 

B2 H. araneus 3 479 (279) 1 1 4 (59) 255  ( 1 93)  1 7  505 ( 1 0  022 ) 7 1 2  (638) 

G. trieuspis 1 435  1 0 1 202 1 6 86 1 3 5 5  

M. seorpius 340 78 1 5 3 1 2 648 576 

B 3  S. droebaeh. 2 1 3 5 ( 1 3 ) 62 (9) 1 27 ( 1 7) 8 8 1 1  (506)  1 03 ( I )  

M. seorpius 1 1 263 2 7 1  570  34 1 23 802 

B4 B. undatum 3 1 49 (52)  46 (4) 8 1  (3)  5 2 1 8  (2 427) 1 60 ( I l )  

H. araneus 3 302 (37)  86 ( 1 6) 1 56 (35)  1 2 084 ( 5 564) 485 (324) 

M. truneata 1 2 1 2 1 26 3 

M. seorpius l 1 1 2 4 1  72 5 086 1 42 

G I  B .  undatum 3 20  ( 1 0) 6 (2 )  16  (4) 9 8 1  (245) 23  (6) 

H. araneus 3 1 03 (84) 24 ( 1 6) 42 (27)  3 253  (2 564) 55 (28)  

M. truneata 3 1 ( I )  O (O)  1 ( I )  72 (4 1 )  1 ( I )  

G2 H. araneus 3 326 (363) 80 (90) 1 52 ( 1 75)  I l  73 1 ( 1 3  4(0) 1 90 (2 1 2) 

M. truneata 2 5 ( 3 )  1 ( l )  3 ( I )  248 ( 1 34) 4 ( I )  

G. trieuspis 2 1 9  50 1 07 8 08 8  I l O 

B. glaciale 3 1 03 (6 1 )  29  (23)  1 02 (25)  6 576 (2 642) 1 73 (65)  

M. seorpius 2 609 ( 1 29) 1 40 (32)  220 (39) 1 6 036 (4 3 64)  506 ( 1 55)  

G3 B. undatum 3 1 83 (30)  5 1  ( 1 4) 1 1 0 (28)  7 860 (982) 1 27 (44) 
H. araneus 3 489 ( 1 36) 1 20 (34) 226 (47) 1 6 379  (2 788)  360 (68) 

Kl B. undatum 3 1 6  (4) 4 ( I )  1 7  (5)  1 1 40 (386) 5 1  (2 1 )  
H. araneus 3 9 1  (86)  2 1  ( 1 7) 62 (54)  4 545 (3 768) 208 (226) 
M. scorpius 2 95 (6) 1 9  ( I )  48 (4) 3 90 1 (346) 254 (63) 

K2 B. undatum 3 8 ( 3 )  3 ( I )  9 (2 )  682 ( 1 1 4) 2 7  (5)  

H. araneus 3 56 (24) 1 8  (6) 46 ( 1 4) 3 735  ( l  060) 1 06 (34) 
M. seorpius 1 87 23 47 4 430  1 02 

I 1  B .  undatum 3 I l  (4) 3 ( I )  l O  (4) 628 ( 1 76) 22  (8) 

H. araneus 3 143  (48) 34 (6) 93 (30)  6 2 1 7  ( I  622) 1 84 (59) 
S. droebaeh. 2 3 ( l )  l ( I )  4 (2 )  3 34 ( 1 52) 5 ( I )  

M. truneata 3 l (O) O (O) l (O) 93 ( 1 6) 2 (O) 
G. trieuspis 1 207 59 77 1 2 345 595 

B. glaeiale 3 7 (2)  2 (O) 9 (2)  544 (89)  2 1  (8)  

M. seorpius 3 79 (2 1 )  2 1  (8)  3 9  ( l O) 3 0 1 6  (909) 1 1 4 (33)  
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Appendix 2 

Station Speeies n PCB 1 80 PCB 1 83 PC B 1 87 PCB 1 89 L - Hepta-PCB 

A l  B. undatum 3 543 (341 ) 1 1 2  (78) 2 1 2 ( 1 34) 6 ( 3 )  1 3 5 2  (845) 

H. araneus 3 443 (392) 62 (57 )  1 03 (39 )  6 ( 5 )  834 (65 1 )  

M. truncata 2 9 ( 1 ) 2 (O)  4 ( 1 ) O (O) 24 (3)  

G. tricuspis 1 803 1 1 7 26 1  1 1  1 7 1 5  

A2 B. undatum 3 98 ( 1 1 ) 23 (5) 71 ( 32 )  2 (O) 3 1 7 (69) 

H. araneus 3 487 (282) 48 (22 )  1 3 2 (3 1 )  9 (6)  872 (289) 

M. truncata 1 9 1 7 20 

A 3  B. undatum 3 40 ( 1 7) 5 ( 3 )  2 8  (4) 2 (O )  67  (68) 

H. araneus 3 1 35 (3 1 )  1 5  (5) 1 1 0 ( 1 7) 2 ( 1 ) 246 ( 1 94) 

M. truncata 3 7 ( 1 ) 1 (O)  5 ( 1 ) O (O) 1 5  (4) 

A4 B. undatum 3 361  (245) 88 (89) 41 9 (5 34) 7 (7 )  1 374 ( 1  477) 

H. araneus 3 599 (659) 66 (70) 1 99 (2 1 3 ) 9 ( 1 1 )  1 1 74 ( 1 261 ) 

S. droebach . 2 1 3 1 6  ( 1  706) 8 (4) 948 ( 1 2 1 7) O (O)  4 0 1 2  (5 1 96) 

M. scorpius 1 1 3 3 1 3  1 1  2 2 0 1  

B l  B .  undatum 3 436 (49) 66 (7) 1 5 3 (42) 6 ( 3 )  1 039 (56) 

H. araneus 2 1 009 ( 1 58) 1 59 (48) 399 (42 ) 2 1  (7) 1 807 (33 1 ) 

B2 H. araneus 3 2 392 (2 684) 3 1 3 (32 1 )  699 (505) 43 (45) 4 030 (4 694) 

G. tricuspis 787 1 70 274 1 6  2 1 9 1 

M. scorpius 1 1 82 1 3 5 1 26 23 582 

B3  S. droebach. 2 1 92 ( 1 6) 1 9  (4) 1 39 ( 1 2 ) 3 (O) 689 ( 1 7) 

M. scorpius 1 1 764 224 1 98 23 3 1 27 

B4 B. undatum 3 345 ( 1 1 )  72 ( 1 2 ) 1 25 (55 )  6 ( 1 )  589 (3 50) 

H. araneus 3 1 292 (890) 1 69 ( 1 24) 570 (443) 2 2  ( 1 2 ) 2 963 (2 058) 

M. truncata 8 2 6 1 9  

M. scorpius 1 49 1 84 74 825 

Gl  B .  undatum 3 44 ( 1 1 )  8 ( 3 )  26 ( 7 )  1 ( 1 ) 1 2 1 ( 1 9) 

H. araneus 3 1 24 (44) 1 9  (8) 87 (6 1 ) 3 (2 )  361  ( 1 87) 

M. truncata 3 3 ( 2 )  1 ( 1 )  3 (2 )  O (O )  7 (6 )  

G2 H. araneus 3 476 (541 ) 89 ( 1 05)  3 1 5  (324) 1 1  ( 1 3 ) 1 47 1 ( 1  670) 

M. truncata 2 9 (4) 2 ( 1 ) 8 (3 )  O (O )  28 (5 )  

G .  tricuspis 1 339  39  1 1 6 6 797 

B. glaciale 3 334 ( 1 2 1 )  6 2  (24) 233 (78)  8 ( 2 )  8 5 5  (483)  

M. scorpius 2 1 02 7 (259) 1 1 8 (48) 1 65 ( 1 1 )  20 (6) 1 957 (546) 

G3 B. undatum 3 220 ( 1 1 2) 60 (23 )  203  (39)  7 (3)  833 (290) 

H. araneus 3 941 (341 ) 1 50 (35 )  475 (59)  24 (9) 2 380 (473) 

Kl B. undatum 3 1 3 7 (65) 21 ( 1 4) 1 00 (42) 4 ( 1 ) 389 (2 1 5) 
H. araneus 3 696 (756) 93 (96) 383 (320) 1 4  ( 1 5) 1 702 ( 1 7 1 6) 

M. scorpius 2 701  ( 1 50) 98 (2) 1 1 3  (79) 1 4  (2)  1 301 (90) 

K2 B. undatum 3 87 ( 1 7) 1 4  (4) 7 7  ( 1 2 )  2 (O)  238  (3 1 )  

H. araneus 3 402 ( 1 44) 39 ( 1 2 ) 407 (34) 6 ( 1 )  1 1 2 1 ( 1 85) 

M. scorpius 1 4 1 8 43 72 5 1 83 

1 1  B .  undatum 3 64 (24) 1 1  (4) 35 (8) 1 (O) 1 62 (45 ) 

H. araneus 3 540 ( 1 27)  74 ( 1 9) 43 1 ( 1 32)  1 3  (6) 1 457 (343) 

S. droebach. 2 1 9  (3)  3 ( 1 ) 23 ( 1 2 )  1 (O)  75 (33)  

M. truncata 3 6 (O)  1 (O)  6 ( 1 ) O (O)  1 7  (8) 

G. tricuspis 1 885 1 55 586 34 2 960 

B. glaciale 3 49 (2) 8 ( 3 )  42 ( 1 0) 1 (O)  1 54 (40) 

M. scorpius 3 345 (72)  44 (20) 54 ( 1 4) 6 (2 )  630  (202) 
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Appendix 2 

Station Species n PCB 1 94 PCB 206 P C B  2 0 9  L 6 PC B  L PCB 

A l  B. undatum 3 6 1  (36)  1 1  (4) 3 ( 1 )  1 8 1 2 (465) 4 438 (792) 

H. araneus 3 66 (64) 1 2  (7) 8 ( 3 )  2 3 1 8  ( 1 857) 4 872 (3 460) 

M. truncata 2 1 (O)  0 (0) O (O)  1 00 (24)  3 1 1 ( 74) 

G. tricuspis 1 83 24 1 1  3 780 8 505 

A 2  B. undatum 3 1 2  ( 1 )  3 (O)  3 ( 1 ) 528 ( 1 09) 1 409 (330) 

H. araneus 3 4 1  (25)  9 (3 )  9 (3 )  2 680 (855) 5 706 (1 09 9) 

M. truncata 1 1 90 256 

A 3  B .  undatum 3 3 (2 )  1 (O )  2 (O )  29 1  (87)  594 (222)  

H. araneus 3 1 3  (6) 4 (0) 5 ( 1 )  9 1 8 (257) 2 285 (69 1 )  

M. truncata 3 O (O) O (O) O (O)  1 42 (26) 457 ( 1 09) 

A4 B. undatul1l 3 2 7  ( 1 1 )  5 (O)  3 ( 3 )  2 934 (3 2 50) 6 400 (7 1 69) 

H. araneus 3 66 (70) 1 0  (8) 5 ( 3 )  2 757 (2  880) 5 577 (5 307) 

S. droebach . 2 22 (24) 0 (0) 7 (O)  6 603 (8 093) 1 6 1 30 ( 1 9 3 5 7 )  

M. scorpius 1 1 1  2 2 1 1 1 7 2 309 

B l  B. undatul1l 3 1 1  (3 )  5 (2)  3 ( 1 ) 6 963 ( 1 674) 1 9 366 (4 889) 

H. araneus 2 54 (4) 24 ( 1 1 )  20 (9) 1 1  3 1 9  (2 005) 34 3 8 1  ( 1 3 544) 

B2 H. araneus 3 2 1 7 (307) 47 (5 1 )  2 1  (7)  1 6 405 ( 1 0 305)  3 9 566 ( 1 8  225)  

G. tricuspis 70 34 22 1 2 47 7  3 5 3 5 9  

M. scorpius 1 46 23 1 3  1 0 386  2 3  95 1 

B3  S.  droebach. 2 6 ( 1 )  2 (O)  26 (5)  7 276 (797) 23 1 79 ( 3 29 1 )  

M. scorpius 1 69 1 7  1 2  2 7  945 80 649 

B4 B. undatum 3 1 2  (3) 5 ( 1 )  3 ( 1 ) 4 790 ( 1  227) 1 1  609 (5 446) 

H. araneus 3 88 (53 )  26 (6) 26 (3)  1 0  347 ( 5  075)  24 5 6 1  ( 1 0 02 1 )  

M. truncata 1 44 447 

M. scorpius 1 27 5 099 8 952 

Gl  B. undatul1l 3 3 ( 1 ) 1 (O)  1 (O)  679 ( 1 83)  1 895 (61 3) 

H. araneus 3 9 (4) 4 ( 2 )  5 ( 3 )  2 768 (2 306) 8 35 7  (7 6 1 9) 

M. truncata 3 0 (0) 0 (0) 1 (O)  64 (30)  1 86 (86) 

G2 H. araneus 3 20 (20) 9 (7 )  8 ( 5 )  9 558 ( 1 0 602) 2 6 773 (29 3 5 9) 

M. truncata 2 2 ( 1 )  O (O)  1 (O)  203 ( 1 09) 66 1 (346) 

G. tricuspis 1 O O 6 05 8  1 6 779  

B. glaciale 3 1 3  (6) 4 ( 1 ) 3 ( 1 ) 4 691  ( 1  792) 1 0  302 (3 770) 
M. scorpius 2 59 (7) 1 7  (2)  1 1  (5)  1 2  756 ( 3  3 08) 32 1 03 (9  282) 

G3 B. undatum 3 1 0 (6) 4 ( 1 )  3 ( 1 ) 5 1 1 4 (6 1 2) 1 2 42 7 ( 2 2 1 4) 

H. ara n eus 3 5 3  ( 1 6) 1 4  (4) 1 2 (4) 1 2 395 ( 1 06 1 )  3 7 829 (6 1 96) 

Kl B. undatum 3 1 4  ( 1 1 )  3 ( 1 )  3 ( 2 )  9 1 5 (306) 2 054 (626) 

H. araneus 3 63 (80) 1 6  ( 1 5 )  9 (4)  4 032 (3 433)  9 3 09 (7  64 1 )  

M. scorpius 2 79 ( 1 6) 1 9 (3 )  7 (3 )  3 92 1  (54 1 ) 8 1 42 (26) 

K2 B. undatum 3 6 ( 2 )  2 ( 1 )  3 ( 1 ) 638 (36) 1 461 (209) 

H. araneus 3 25 (5)  1 0  (4) 1 2  (3)  3 383 (844) 8 326 (1 827) 

M. scorpius 1 39 1 1  7 4 1 09 6 668 

1 1  B .  undatum 3 2 ( 1 )  1 (O)  2 (O)  544 ( 1 78) 1 250 (336) 

H. araneus 3 3 7  (5)  1 7  (2)  22 ( 1 )  5 8 1 0  ( 1  597) 1 4 084 ( 2 978) 

S. droebach. 2 3 (O)  4 (O) 33 (O) 352 ( 1 33 )  989 (40 1 ) 

M. truncata 3 O (O)  0 (0) 0 (0)  1 1 4 ( 1 5 )  364 ( 74) 

G. tricuspis 1 97 1 2 702 24 1 54 

B. glaciale 3 3 ( 1 )  1 (O)  1 (O)  481  (67) 1 076 ( 1 24) 

M. scorpius 3 32 (6) 9 (O) 1 1  (2) 2 8 1 8 (737) 6 220 (1  7 1 2) 
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Appendix 3. Stable i sotope rat ios of c arbon and n i trogen in samples 

from fj ords on Spitsbergen (S valbard): Respectivc fj ords and speei e s  

are l i sted i n  Appendix l .  

Station Species Il BI 3C B I SN 

A l  B. undatul1l 3 - 1 7 . 1  (0 .2)  1 2 .2  (0 .2)  
H. araneus 3 - 1 8 A  (0 .2)  I I  (OA) 
M. truncata 2 - 1 9 . 1 (0 .3 )  8 A (0 . 1 )  
G. tricuspis I - 1 7 A  1 1 .6 

A 2  B .  undatum 3 - 1 8 . 7  (0 .3 )  1 2 . 8  (0 .2)  
H. araneus 3 - 1 8 A (0 .7)  1 0 .5  (0 .6)  
M. truncata I - 1 8 . 9  8 . 9  

A 3  B .  undatum 3 - 1 7 (0 . 5 )  1 1 . 9 (0 .9) 
H. araneus 3 - 1 9 .2  ( 1 . 1 )  1 1 . 3 ( l )  
M. truncata 3 - 1 9 A  (0 .5)  7 .8  (0 .3 )  

A4 B. undatul1l 3 - 1 7 . 3  (0 .9) 1 2 A (0 .5) 
H. araneus 3 - 1 8 . 1  (0 .5 )  1 1 . 1 (0. 1 )  
S. droebach.  2 - 1 7 . 7  (0 .3 )  6 . 1 (0 .6)  

M. scorpius I - 1 8 . 5  1 1 .7 
8 1  B. undatul1l 3 - 1 8 . 1  (OA) 1 1 .2 (0 .8)  

H.  araneus 2 - 1 8 . 5  (0 .2)  1 1 . 9 (OA) 

82 H.  araneus 3 - 1 8 . 5  (0 .3 )  1 2 A  (0 .5)  
G.  tricuspis I - 1 9 . 1  1 3 .4 
M. scorpius - 1 8 . 9  1 3 .2 

8 3  S. droebach. 2 -20 . 1 (O . l )  7 (OA) 
M. scorpius I - 1 8 . 7  1 4 . 1  

84  B. undatul1l 3 - 1 7 . 9  (0 .6)  I l A (0 .9) 

H. araneus 3 - 1 8 . 1  (0 .3 )  1 1 . 8 ( 1 . 1 )  
M. truncata I - 1 9 . 3  8 . 8  
M. scorpius I - 1 8 . 8  1 2 .2 

G I  B .  undatum 3 - 1 6 . 7  (0 .3)  1 1 .9 (0 .7)  
H. araneus 3 - 1 8 (OA) 1 0 . 8  (0 .2)  
M. truncata 3 - 1 8 . 7  (0 .2)  8 .8  (0 . 3 )  

G2 H. araneus 3 - 1 7 A  (O . l )  1 1 . 1  (0 .2) 
M. truncata 2 - 1 8 . 9  (O . l )  8 . 6 (0 . 1 )  
G. tricuspis I - 1 8 . 9  1 2 .9 

B. glaciale 3 - 1 6 A  (0 .2)  1 1 .2 (0 .3)  
M. scorpius 2 - 1 9 . 5  ( 1 .6) 1 2 . 5 (2 . 1 )  

G3 B. undatul1l 3 - 1 6 . 5  (OA) 1 2 . 8  (0 .8)  

H. araneus 3 - 1 7 . 6  (0 .6)  1 1 .6 (0 .3)  
K l  B. undatul1l 3 - 1 6 . 8 (0 .3 )  1 2 .2 (0 .5)  

H.  araneus 3 - 1 8 (0 .2)  1 1 . 9 (0 .3)  

M. scorpius 2 - 1 8 . 8  (O . l )  1 3 A (OA) 
K2 B. undatum 3 - 1 7 . 1  (0 .3 )  I l A (0 .3)  

H. araneus 3 - 1 8 (0 . 3 )  l I A (0 .6) 

M. scorpius I - 1 8 . 7  1 2 .5  
I I B. undatum 3 - 1 7 . 5  (OA) I l  (OA) 

H. araneus 3 - 1 7 . 9  (0 .2)  1 1 . 8 (OA) 

s. droebach. 2 -20 (0 . 3 )  4 .6  (0 . 8 )  
M. truncata 3 - 1 9 . 5  (0 .2)  7 .2  (0 .6)  
G.  tricuspis I -20 . 1 1 1 .8 

B. glaciale 3 - 1 7 A  (O . l )  1 0 . 8  (0 .3)  
M.  scorpius 3 - 1 8 . 1  (0 .6)  1 3 .6  (0 .7)  

39 



Appendix 4. The distribut ion of seven peB congeners (ng g. l )  in sampks from 
fjords on Spitsbergen (Sva lbard). Mean kveis (SD) and percentage contribution 
by individual congeners are l isted. 

Adventfjorden (n = 34) 

PCB Mean ng g-
1 SD ng g- l % of 7PCB SD % 

28 1 9 .4 1 0.4 1 . 0 2 . 9  

52 49 .9 35 .2 2 . 5  5 .4 

1 0 1  1 80 . 5  274. 1 8 . 9  5 .4 

1 1 8 209 .6  206 .0 1 0.4 4 . 1 

1 3 8  399 . 1 594 .5  1 9 .8  3 .2 

1 5 3 8 1 5 . 6  1 1 40.6 40.4 8 . 1  

1 80 345 .2 505 . 0  1 7 . 1  6 . 7  

Su m 7 PCB 2 0 1 9 . 3  2637 .6  1 00 O 

Billefjorden (n = 2 1 )  

PCB Mean ng g-
l SD ng g- l % of 7PCB SD % 

28 48 .7 43.3 0 . 7  1 . 3 
52 445 .3  423 . 6  3 . 8  2 .6 
1 0 1  1 363 . 8  940 .7  1 1 .7 6 . 2  
1 1 8  283 1 . 3 2284. 1 22. 1 4 .4  

1 3 8  2875 .2  2 0 1 8 .2  22.5 3 .6 
1 53 4254.0 3 1 85 .6  32 .6 5 . 0  
1 80 9 5 3 . 7  1 1 72 .6  6 .6  3 .4 
Su m 7 PCB 1 2 772 . 1 9009 . 8  1 00 O 

Grønfjorden (n = 26) 

PCB Mean ng g-
1 

SD ng g-1 % of 7PCB SD % 

28 36 .9 40.4 0 . 5  1 .4 
52 224 .0  293 . 2  3 . 2  2 . 8  
1 0 1  734 . 8  1 294 .5  1 0.5 9 . 0  
1 1 8 1 72 1 .2 1 774.4 24.5 4 . 2  

1 3 8  1 709 .8  1 74 2 . 4  24.4 4 . 7  
1 5 3 2253 . 7  2276.6 32 . 1 5 .4 
1 80 340. 1 40 1 . 7 4 . 8  1 . 3 

Su m 7 PCB 7020 .5  7350 .6  1 00 O 
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Appendix 4 

Isfjorden (n = 18) 

PCB Meao og g-
I 

SD og g -
I 

% of 7PCB SD % 

28 56.8 64.9 2 .0  3 . 2  
52 1 1 8 .6  1 5 5 . 2  4 . 1 5 . 9  
1 0 1  2 5 8 . 8  424 . 3  9. 1 7 . 5  
1 1 8 485 . 1  650 .0  1 7 .0 3 . 5  

1 3 8 5 3 7 . 7  696 . 8  1 8 .8  4 .5  
1 5 3 1 1 26 .6  1 696.0 39.4 8 . 6  
1 80 274.2 45 3 . 5  9 .6  2 . 6  

Sum 7 PCB 285 7 . 8  3965 . 3  1 00 O 

Kongsfjorden (n = 15)  

PCB Meao og g-
I 

SD og g -
I 

% of 7PCB SD % 

28 54.9 47.0 1 . 8 1 . 3 
52 1 00 . 3  67.6 3 . 3  2 . 3  
1 0 1  220 .4 227 .0  7 . 3  4 . 8  
1 1 8 43 3 . 3  337 .6  1 4.3  2 . 0  

1 3 8  629.6 5 1 2 .4  20.8 3 . 8  
1 5 3 1 1 99 . 7  93 3 . 8  39.7 2 . 6  
1 80 3 8 5 . 7  392 . 6  1 2 .8  2 . 8  

Sum 7 PCB 3023 . 8  2384 .7  1 00 O 
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Appendix 5. Methods description of the peB and PAH analysis from N I LU (in Norwegian). 

Bestemmelse av PCB (Metode:  NILU-O-2) og PAH (Metode:  NILU-O-3) 

Biologisk materiale 
- Akkreditert av Norsk Akkreditering i henhold til EN 45 00 l -

Forbehandling:  
Det veies inn en  prøvemengde som ti l svarer omtrent 0 25 g fett. Prøvene til settes 1 3C-merkete 
PCB-standarder og 2D-merkete PAH-standarder for å kontrol lere utbytte av ekstraksj on og 
opparbeidelse. De samme forbindel ser brukes senere som intern standard ved kvantifi seringen . 
Dette medfører at prøveresultatene automatisk er korrigert for eventuel le  tap under ekstraksjon 
og opparbeidel se. 

Prøvene blir homogeni sert med natriumsulfat kolonne-ekstrahert med sykl oheksan/etyl acetat 
1 / 1  og neddampet til 5 m l .  

Opparbeidelse : 
Ekstraktet fraksjoneres ved hjelp av gelpermeasjonskromatografi ( GPC) på B i obeads SX-3 . 
PrØven oppkonsentreres og renses ytterl i gere via kromatografi på en kolonne fyl t  med 
kal iumhydroxid belagt s i  lika. Prøven oppkonsentreres i gj en ti l settes gjenvinningsstandarder og 
anal yseres ved hjelp av GC/M S .  

Identifisering o g  kvantifisering:  
Bestemmelse av PCB -kongenerene utføres ved hj elp av gasskromatografi kombinert med 
høyoppløsende massespektrometri (GC/HRMS).  Dette gir høy føl somhet og god selektivitet på 

de ul ike komponenter. PAH-komponentene anal yseres ved hjelp av gasskromatografi kombinert 
med l avoppløsende massespektrometri (GC/LRMS ) .  

Kvalitetssikring: 
Følgende kvalitetskriterier blir kontrol lert: 

Rene uforstyrrete massefragmentogrammer 

Korrekte retensjonstider i forhold til 1 3C-merkete i somerer 

Korrekt intensitetsforhold for M- og (M+2)-massefragmentogrammene (PCB ) 

Signal/støyforhold > 3 :  I 

Gjenvinningen av de ti lsatte intern standard komponenter l i gger innenfor de gitte grenser: 

N I LU-Q-2 HCB 1 0 - 1 00 
HCH og TriCB 20 - 1 30 
a l le  and re 40 - 1 30 

N I LU-Q-3 3-ring  PAH 1 0 - 1 30 
4-ring  PAH 20 - 1 30 
5-ring PAH 30 - 1 30 

Etter hver 1 5  prøveopparbeiding an al yseres det en ful lstendig metode-blindprøve. 
(Anal yseresultater fra bl indprøven skal være under deteksjonsgrensen el ler en faktor 5- 1 0  
lavere enn måleresultatene . )  

Anal ysekval iteten bl ir  regelmessig testet ved hj elp av  kontrol lprøver sertifi serte 
referanseprøver og ved deltakelse i interkalibrerin ger. 
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Appendix 6. The Norwegian - English translation of different PAHs. 

E n glish 

Acenaphthene 
Acenaphthylene 
Anthanthrene 

Anthracene 
Benz[ a ]anthracene 
Benzo[ a ]fluoranthene 

Benzo[ a ]fluorene 
Benzo[ a ]pyrene 

Benzo[b/j/k]fluoranthene 
Benzo[b ]fluorene 
Benzo[ e ]pyrene 

Benzo[ghi]fluoranthene 
Benzo[ghi]perylene 

Biphenyl 
Chrysene/Triphenylene 
Coronene 

Cyclopenta[ cd]pyrene 
Dibenz[ a e ]pyrene 
Dibenz[a h]pyrene 

Dibenz[a i]pyrene 
Dibenzo[ ac/ah ]anthracene 

Dibenzofuran 
Dibenzothiophene 
Fluoranthene 

Fluorene 
Indeno[ l  2 3 -cd]pyrene 

Methylanthracene 
Methy lnaphthalene 
Methylnaphthalene 

Methylprenanthrene 
Methy lphenanthrene 

Methylphenanthrene 
Methylphenanthrene 
Naphthalene 
Perylene 
Phenanthrene 

Pyrene 
Retene 

Norwegian 

acenaften 
acenafty len 
antantren 

antracen 
benz( a )antracen 
benzo( a )fluoranten 

benzo(a)fluoren 
benzo( a )pyren 

benzo(b/j/k)fluorantener 
benzo(b )fluoren 
benzo( e )pyren 

benzo(ghi)fluoranten 
benzo(ghi )pery len 

bifenyl 
krysenltrifenylen 
coronen 

syklopenta( cd)pyren 
dibenz( ae )pyren 
dibenz( ah )pyren 

dibenz( ai)pyren 
dibenzo( ac/ ah )antracen 

dibenzofuran 
dibenzotiofen 
fluoranten 

fluoren 
inden( l 2 3- cd)pyren 

2- mety lantracen 
2-metylnaftalen 
1-m et y lnaftal en 

3 -mety lfenantren 
2-metylfenantren 

9- mety lfenantren 
l -metylfenantren 
naftalen 
perylen 
fenantren 
pyren 
reten 
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