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In order to elucidate the polycyclic aromatic hydrocarbon concentration and its origin in arctic area, four

arctic brown algae (Laminaria saccharina,

L. digita, Alaria esculenta, Desmarestia aculeata),

one marine

invertebrate (Echinoidea) and sediments were collected from Kongsfjorden in Spitsbergen from the late July to

early August, 2003. In case of macroalgae, the young blade part above growth point and the old stipes and

blades beneath growth point were separated and analyzed for polycyclic aromatic hydrocarbons (PAHs) in an

attempt to check the mechanism of uptake in macroalgae to accumulate PAH. There was no difference in PAH

concentrations between sampling sites (Stations B and C), species, and blades beneath and above growth point.
PAH concentrations in all samples collected in this study were relatively higher than those reported in other

areas of arctic. Especially, station C, which is known as an unpolluted area, showed 10 times higher PAH

concentration (8,765 ng/g) in sediment than station A {694 ng/g) around harbor.

In addition high PAH

concentration, station C had very higher proportion of methylated PAH to parent PAH in sediment than station
A. Source analysis using PAH isomer pair ratios as indicators showed that Kongsfjorden area seemed to be

relatively contaminated with PAH derived from direct petroleum input.
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Fig. 1. Sampling stations in Kongsfjorden.
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Table 1. PAHs concentrations in environmental samples collected from Spitsbergen Island (ng/g dry)

SgilnijSampleStationpositiun PAH 1 2 2 4 5 6 7 8 9 10011 12 13 14 15 16 17 18 19 20 21 22 23 24

E Ae B 1IU 1171 221 173 174 59 134 14 2 82 66 43 10 29 24 7 30 12 nd nd nd nd nd nd nd nd
R Ae B 1L 1082 2334 156 157 50 114 8 10 63 51 44 08 24 23 65 37 16 nd nd nd nd nd nd nd nd
R Ae B U 971 256 137 138 44 112 7 8 64 51 48 17 32 24 72 36 14 nd nd nd nd nd nd nd nd
E Ae B L 1387 238 26 207 81 1% 13 14 122 % 43 11 35 % 81 41 10 nd nd nd nd nd nd nd nd
R Ae B 33U 834 23118 120 35 8 6 7 49 36 45 12 31 21 65 33 10 nd nd nd nd nd nd nd nd
E Ae B 3L 959 285 140 141 44 99 7 8 53 4 46 11 33 21 6 33 10 nd nd nd nd nd nd nd nd
R Ae B 4U 1711 524 267 268 83 189 9 14 89 &9 75 26 67 2 72 34 20 nd nd nd nd nd nd nd nd
E Ae B 4L 100 262 130 131 50 114 7 9 64 49 61 23 52 &8 80 38 17 nd nd nd nd nd nd nd nd
R Ls B 1U 1392 3% 187 188 73 136 10 10 97 68 80 31 76 I 41 51 30 nd nd nd nd nd nd nd nd
E Ls B 1L 1204 338 162 163 60 118 9 10 87 &0 82 24 89 & 7 31 18 nd nd nd nd nd nd nd nd
R Ls B ZL 1542 456 239 240 S0 175 12 13 109 67 47 13 39 23 63 36 14 nd nd nd nd nd nd nd nd
R Ls B 3L 1256 249 184 185 62 127 10 12 78 58 73 12 67 30 76 40 Z1 nd nd nd nd nd nd nd nd
E Ls B 4L 133% 224 181 182 56 150 12 11 104 73 103 28 89 2 86 41 27 nd nd nd nd nd nd nd nd
R L4 B L F ¥ F FFFVFVFTFTFTFZFTFTFT FTFTFTFTFTFT FTFTFTFTF
E Ld B 1IU 3% 2H 1 183 4 4 8 10 22 % 67 18 64 X% 62 36 22 nd nd nd nd nd nd nd nd
R Ld B U 92 230 117 118 4 92 7 8 68 &4 7 20 59 I¥ 67 35 26 nd nd nd nd nd nd nd nd
R Ld B ZL 6% 1% % 9 30 6 7 6 4039 46 11 31 2 54 36 13 nd nd nd nd nd nd nd nd
E Da B 1 87 28 114 115 39 8 8 53 4 61 16 53 & 64 36 23 nd nd nd nd nd nd nd nd
Fz Ae C IU 1204 400 157 158 64 120 10 11 60 49 68 20 53 2 66 36 Z4 nd nd nd nd nd nd nd nd
Fz Ae C 1L 12 4 164 165 60 130 11 11 %6 55 77 25 57 3 7 38 30 nd nd nd nd nd nd nd nd
Fz Ls C IU 84 282 105 16 40 7 7 8 37 3 5l 08 39 # 5 36 2 nd nd nd nd nd nd nd nd
Fz Ls C 1L 1268 371 170 171 66 140 11 12 87 @& 73 15 51 Z7 68 38 Z7 nd nd nd nd nd nd nd nd
Fz Ld C 913 23 121 122 42 97 8 8 53 40 85 12 40 24 59 34 25 nd nd nd nd nd nd nd nd
Fz Da C 1235 345 186 157 59 240 12 10 24 54 63 17 48 ™ 73 53 Z3 nd nd nd nd nd nd nd nd
Fz E B 1532 667 145 146 58 127 18 13 79 53 66 26 58 H 84 45 16 nd nd nd nd nd nd ad nd
Fz E B 1321 569 121 122 49 105 17 11 73 46 57 18 58 34 87 55 17 nd nd nd nd nd nd nd nd
Fz E B 1418 643 122 123 46 97 14 8 56 43 V1 31 64 & 88 5 58 nd nd nd nd nd nd ad nd
Fz 5 C 8760 963 1360 1369 131 760 9 49 2151 161 296 33 1160 21 54 60 63 34 52 13 33 63 83 40 86
Fz 5 A 694 1% 75 79 6l M 8§ 5 66 % 34 08 12 81 17 18 92 53 07 51 10 15 08 08 31

+ PAHs Compound - 1' Naphthalene 20 2-Methylnaphthalene 30 1-Methylnaphthalene 4 Biphenyl 5 26-DimethyIlnaphthalene
6 Acenaphthylene 7' Acenaphthene &' 235 Trimethylnaphthalene 9 Fluorene 108 Phenanthrene 110 Anthracene
120 1-Methylphenanthrene  13: Fluoranthene 14: Pyrene 15 Benzlalanthracene 16 Chrvsene 17 Benzo[blfluoranthense
18 Benzolk]fluoranthene 19! Benzolelpyrene 200 Benzolalpyrene 21! Indeno[1,23-cdlpyrene 220 Pervlene 23 Dibenzlahlanthracene
24 Benzolghilpervlene, F' analysis failed
% drying method -R' room temperature, Fz' freezing temperature,
# Sample - Ael Alaria escudente Ls Laminaria saccharie Lt Laminaria digita Dat Desmarestia aculeata, B echinoldea, S, sediment,
= position - 11! above growth point, L' below growth point
= 1. - not. detected

17 Feel Fo WE PAHs A= 5 A 5hio- 323 #dEE9 HAE59 A9 PAHs Fef

concentration factor)E ETF BAH o2 {95 Table 29| 2} ZALA A A AFH A6 A g

ghebak 4 gle F ot} PAHs @#& Yebl9vy Echinoideaw™ 373 Bl
A sddRFgeE o2 B2 =50 v A ARHYT AT 1424 ng/g(HS91; 1321-1532

benzolalpyrened oAl T 9 321"5] Yol hen- ng/g, n=39 g ESth Table 394 2 A7
zolapyrened 490 TEEE FEEE Aoz & dA9 FAIHYT PAHs #2F thE drZFe)
HA v, Eg 2 dATold AdE dedzF o amasdd 2 A7 AaEel ) PAHs @S
AE AA Y EEEI2-1542 ng/p)E BGE F2AA Y West Beaufort Seadld A @A 8] "t%u Eol| A 9
SEE *ﬁgﬂﬁ %9 PAHs #2vt 2ok 85 &) PAHs #3(24-161 ng/grVBr} 84 5 F3 0]
G EA A PAHs 7w #EFA AFseor ok HHEE AFE A9 Cold ZHz 64 ng/eF} 8765
& Aes g o)A Table 3. ng/g #& B9 59 AA CoAMY e Table
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samples collected from Spitshergen Island (ng/g dry

weight)

Iigﬁl)% Sample Stafton¥PAH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
R Ae B 1140 312 166 167 56 131 9 9 T 57 5H 1 4 4 71 4 1 nd nd nd nd nd nd nd nd
R Lz B 1346 371 190 192 68 41 10 11 % 66 7™ 2 7 0 7 4 2 nd nd nd nd nd nd nd nd
R Ld B 8% 213 112 112 38 8 7 8 4 46 61 2 5H 24 6 4 2 nd nd nd nd nd nd nd nd
R Da B 87 245 114 115 39 8 8 8 53 43 61 16 h3dr & 36 23 nd nd nd nd nd nd nd nd
Fz Ae C 1240 402 160 161 62 125 10 11 & H 72 2 5 X3 1 4 3 nd nd nd nd nd nd nd nd
Fz L=z C 06l 33 137 138 53 109 9 10 &6 49 62 1 5 & & 4 2 nd nd nd nd nd nd nd nd
Fz Ld ©C 913 273 121 122 42 9 & 8 53 40 50 1240 24 5 34 25 nd nd nd nd nd nd nd nd
Fz Da C 1235 346 156 157 59 240 12 10 24 5 63 1748 X B 53 23 nd nd nd nd nd nd nd nd
Fz E B 1424 68 129 130 51 10 17 11 &9 47 64 2 6 M 9 2 15 nd nd nd nd nd nd nd nd
Fz ) C 8TEh 963 1360 1369 131 60 9 49 2151 161 296 33 115 21 H 60 6 34 52 13 33 63 R3 40 86
Fz S A 6w 1w 78 W™ 6l 84 8 h 8 I MO08I119 91 171 18 92 53 07 51 10 15 08 08 31

* PAHs Compound - 10 Naphthalene 20 2-Methylnaphthalene 30 1-Methylnaphthalene 40 Biphenyl 50 2,6-Dimethylnaphthalene
6 Acenaphthvlene 7 Acenaphthene 8@ 2,35-Trimethylnaphthalene 9 Fluorene 100 Phenanthrene 110 Anthracene
12: 1-Methvlphenanthrene 13! Flucranthene 14: Pyrene 15! Benzlalanthracene 160 Chrysene 17 Benzo[blfluoranthene
18 Benzo[klfhoranthene 19 Benzolelpyrene 200 Benzolalpyrene 21! Indeno[l,.2,3-cdlpyrene 22: Pervlene

23 Dibenzlahlanthracene 24: Benzo[ghilpervlene

drying method - R room temperature, Fz! freezing temperature,
Sample - Ael Alaria esculenta L3t Laminaria saccharia LA Laminaria digifa D.al Desmarestia aculeata, B echinoidea,

S, sediment
#nd. - not detected
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Table 3. ZPAHs concentrations in arctic areas
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type gite concentration reference
seawater North Sea 5 - 65 pg/L Schulz-Bull et al*”
Kara Sea, Russia nd - 22 ng/L Fernandes and Sicre™®
asrosol Svalbard, Norway 06 - 2.0 ng/m3 Cecinato et al.*”
ice Greenland (3230 m) nd - 11 ng/g Masclet et al™®
Ellesmere Is. Canada (1700 m} 36 - 660 ng/L Peters et al™
Kara Sea, Russia 8 - 25 g/l Melnikov et al*”
SNOW Kara Sea, Russia 24 - 34 pe/l Melnikov et al*”
sediment Kara Sea, Russia nd - 810 ng/g Sericano et al.?”
Western Beaufort Sea 2 - 1092 ng/g Valette-Silver et al.™
Barents Sea, Russia 428 - 3257 ng/y Savinoy et al”
biota
{invertebrate) Western Beaufort Sea 24 - 161 ng/g Valette-Silver et al.™
{green algae) Baltic Sea 469 ng/g Kirso et al™”
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Fig. 4. Ratio of lower molecular weight PAH and
higher molecular weight PAH to total PAHs in
environmental samples.

Colombo Z7¢ = 7]§le] 279 A% phe-

nanthrene/anthracenete] 108 oo FAd
fluorene/pyrenegbe] 120h ZA| ek I s)
Aok B g7 AlEH3] AsEdA ol R
H] E Fig. 59l =Asksl e, g 79 A=E A9
BE AE7F 27be] ofd FRL9Es] Ag AT
= oddd A8 Fig, dolld Bkl 2 BF
o #AdFe FA™Y & AT 9L PAHs £ 99
frd gg AdL dAE F1 2o} Steinhaver
9} Boehm™E 27k 93 thE 4422 phenan-
threne(PH), #%¢ WX 422E naphthalene
(NA)YZ dH8te] NA/PH gho]l d 329 718494

0] 10 20 30 40 50 60 7O
Phenanthrene/Anthracene

Fig. 5. Plotting of fluorens/pyrene and phenanthrens/
anthracene in environmental samples,

1o 4 a3 A3 29 15015 e
= AeE Hasn sy & dya gl A3
HE AEd ¢o]d NA/PH e 32dA 104}
2 el oM E PAs 259 o
AZREH £ d7A9e N85S PAHs7t
o eddld g Ae= FAGHA,

Fe a4 AEgde] n AT o 2
o]z 2 2 PAHs o5& Fd= dgsd 4
o] F&3A 2 2y EE fRe99 =
7l1&o =z HEas PAHsS 7 ¢Jv] PAHs(parent
PAHs)9 Azl =Auw2 wmar)z S
Fig. 69 =% <159 =442 29 F4 AAY
Hop AF CAYA A A" HHzolA dEad
PAHs9| ®l&o] Eof 53 AH CAge] f7ed
o 29 =238 &g AT ol o] F

dAe) 72 F PAHs Tae] SEzes 3

Lo

do OL 2 oS e

S
o oex

i o

AT

824



W2 T

=
T 5
= O 2MeNAMNA W 1-MePHPH
S o4
[
o
- 3’
<
a 2]
B
o 1
>
= (-
o & (0] e o=
* £ g g$ £ 8§ 0O =
(5} e E [} B H -
E 2 5 I 8 v 2
B S 3 o g = ot
] o ] = = =
L] @ 2 © L‘-u’ 7] o
B @ & 5 £ E
§ § F ¢ S 3
< F § 2 5 9
£ ~ a
= o
~ Q
Fig. 6. Ratio of alkylated PAH to parent PAH in

environmental samples.
(Z2-MeNA' Z-methyInaphthalene, NA: naphthalene,
1-MePH: 1-methylphenanthrens, PH: phenanthrene)

A20 ng/m’ ol o2 RE g B¢ 9 A
deareY FHtTEE BefHoEE o f
F7149 PAHsE 2dzuz7 4 Aoy o] F
A Mgk e g AR EA s FEF F
AFZ e o)gd Aoz wdHT

L.

sguEd AAY 83

K1 2

i
—uot'
o Hj e =R oﬁ, i i
Weorld m oo 2@ X

. 1o
_'EL

ZHHZJ& 1?—1
Ao ]\_ ‘*}5}47‘] @kt Echmo;deaE} =
#EFe vzt R =2 e B
oA PAHs® S 42 =4uE
JJr AA9e PAHs7E f-5el 98
2 RaE ol S FE CA98 HAE
PAHs ﬂf‘*ﬂr T =2 H2stE PAHs
]01]7\1 AH Cco 9= AYel wRede
]?_] Zeoz garelty o284 5549 g
FEEd 2 PAHs9 2o A74sA A=
elg-o] v A

%%‘01

J& o o I o

Mo b xR

ETH N

e
- l"ﬂ FFI
FLO 50

Dl

J

Hrzru_ﬁg_n;
r\lr{o

ae =
o d7E FFHFATI FALT AN
A BN B 4GB 8 AEAY o
THPP-03-10779) Aoz o] o]},

#]

ZE} -
E. Snodgrass, 1976,

1) Anderson, J. B. and

=
AT
J.

Aezed g o

825

T

Jlm

7

Pl
1

Incidence and significance of polynuclear aro-
matic hydrocarbons in the water environment,
CRC Cri. Rev. Environ. Control., 4, 69-83,

2) Boehm, P. D. and J. W. Famrington, 1984,
Aspects of the polyeyclic aromatic hydrocar—
bons in sediments in the (Georges Bank re-
plon, Environ. Sci. Technol.,, 18, 840-845,

3) Varanasi, U, J. E. Stein, M. Nishimoto, W. L.

Reichert and T. K. Collier, 1987, Chemical

carcinogenesis in feral fish: uptake, activation,

and detoxication of organic xenobiotics, Envi-

ron. Health Perspectives, 71, 155-170,

Meyers, M. 5., J. T. Landahl, M. M. Krahn

and B. B. McCain, 1991, Relationships between

hepatic neoplasm  and related lesions and
exposure to foxic chemicals in marine fish
from the U.S. West coast, Environ. Health

Perspectives, 90, 7-15.

5) Hose, J. E, J. B. Hannah, D. DiJulio, M. L,

Landolt, B. 5. Miller, W. T. Iwaoka and 5. P,

Felton, 1982, Polycyclic aromatic hydrocarbon

and petroleum hydrocarbon contamination in

sediment. from the Newark Bay Estuary, New

Jersey, Arch. Environ. Contam. Toxicol, 11,

167-171.

Peters, A, ], I ], Gregor, C, F. Teixeira, N,

P. Jones and C. Spencer, 1995, The reent

depositional trend of polycyclic aromatic hy-

drocarbons and elemental carbon to the

Agassiz Ice Cap, Ellesmere Island, Canada,

Sci, Total Environ, 160/161, 167-179.

Savinov, V. M., T. N. Savinova, (. (. Mati-

shov, 5. Dahle and K. Nas, 2003, Polycyclic

aromatic hydrocarbons (PAHs) and organo-
chlorines {OCs) in hottom sediments of the

(Guba Pechenga, Barents Sea, Russia, Scl

Total Environ,, 306, 39-56.

8) Henriksen, E. O, G. W. Gabrielsen, ] U.
Skaare, N. Skjestad and B. M. Jenssen, 1998,
relationships  between PCB  levels, hepatic
ERQOD activity and plasma retinal in glaucous
oulls, Larus hyperboreus, Mar, Environ. Res,,
46, 45-49,

9) Pempkowlak, J, A. Sikora and E. Biernacka,
1999, Speciation of heavy metals in marine
sediments vs their bicaccumulation by mussels,
Chemosphere, 39, 313-321.

&

10y Wolkers, H.,, C. Lydersen and K. M. Kovacs,



1

e

12)

13

14

15

16

17

18

)

ey

Pty

—

foedery

-6‘]—

2]

) )

g4 7] #
2004, Accumulation nad lactational transfer of
PCBs and pesticides in harbor seals (Phoa
vituling) from Svalbard, Norway., Sci. Total
Environ,, 319, 137-146

Savinow, V. M, G. W. Gabrielsen and T. N.
Savinova, 2003, Cadmium, zinc, copper, ar-
senic, selenium and mercury in seahirds from
the Barents Sea’ levels, inter-specific and
peographical differences, Sci. Total Environ.,
306, 133-158,

Stange, K. and ], Klungsayr, 1997, Orhano-
chlorine contaminants in fish and polycyclic
aromatic hydrocarbons in sediments from the
Barents Sea, ICES J. Mar. Sci., b4, 318-332.
Yim, U, H, J. R. Oh, S. H. Hong, W. ]J. Shim,
5. H. Lee and J. H. Shim, 2002, Identification
of PAHs sources in bivalves and sediments 5
yvears after the Sea Pince oil spill in Korea,
Environ, Forensics, 3, 357-366.

Kiros U, L. Paalme, M. Vuoll, E. Urbas and N.
Irha, 1990, Accumulation of carcinogenic hy-
drocarbons at the sediment-water interface,
Mar, Chem,, 30, 337-341,

Schulz-Bull, D. E., G. Petrick, R. Brubn and J.
C. Duinker, 1998, Chlorobiphenyls (PCB) and
PAHs in water masses of the northern North
Atlantic, Mar, Chem., 61, 101-114,

Fernandes, M. B. and M. A. Sicre, 1995,
Polycyclic aromatic hydrocarbons in the arctic:
Ob and Yenisel Estuaries and Kara Sea Shelf.
Estuar. Coast. Shelf, Sci., 48, 725-737.
Cecinato, A, R. Mabilia and F. Marino, 2000,
Relevant organic components in ambient par-
ticulate matter collected at Svalbard Islands
{Norway), Atmos. Environ, 34, 5051-5066,
Masclet, P., V. Hovau, ]. L. Jaffrezo and H.
Cachier, 2000, Polycyclic aromatic hydro-
carbon deposition on the ice sheet of Green-

&

e

R

826

}

19

20)

21)

22)

g

24)

<
fi

il

R
Jland. Part I' superficial snow, Atmos. Environ.,
34, 3195-3207.

Mehikov, S, J. Carroll, A, Gorshkov, 5. Vlasov
and 5. Dahle, 2003, Snow and ice concen-
trations of selected persistent pollutants in the
Ob-Yenisey River watershed, Sci. Total En-
viron,, 306, 27-37.

Sericano, J. L., J. M. Brooks, M. A. Champs,
M. C. Kemnicutt 1T and V. V. Makeyev, 2001,
Trace contaminant concentrations in the Kara
Sea and its adjacent rivers, Russia, Mar.
Pollut. Bull,, 42, 1017-1030.

Valette-Silver, N., M. ]J. Hameed, D). W, Efurd
and A, Robertson, 1999, Status of the con-
tamination in sediments and biota from the
western Beaufort Sea (Alaska), Mar. Pollut.
Bull,, 38, 702-722.

Kirso, U. and N. Irha, 1998, Role of algae in
fate of carcinogenic polycyclic aromatic hy-
drocarbons in the aquatic environment, Eco-
toxicol, Environ, Safety, 41, 83-84,

Colombo, J. C., E. Pelletier; C. Brochu and M.
Khalil, 1983, Determination of hydrocarbon
sources using n-alkane and polyaromatic hy-
drocarbon  distribution indexes, Environ. Sci.
Technol,, 23, 883-894,

Steinhauver, M. S. and P. D). Boehm, 1992, The
composition and distribution of saturated and
aromatic hydrocarbons in  nearshore sedi-
ments, river sediments, and coastal peat of
the Alaskan Beaufort Sea: Implications for
detecting anthropogenic  hydrocarbon  inputs,
Mar, Environ, Res., 33, 223-253,

Youngblood, W. W. and M. Blumer, 1975,
Polyveycelic aromatic hydrocarbons in the envi-
ronment: homolougous serles i soils and
recent marine sediment, (Geochim. Cosmochim.
Acta, 39, 1303-1314,



