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THE CONTAMINATION OF DATESHELL (LITHOPHAGA
LITHOPHAGA) FROM THE EASTERN COAST OF THE
ADRIATIC SEA BY POLYCYCLIC AROMATIC
HYDROCARBONS

ONECISCENOST SKOLJKE PRSTAC (LITHOPHAGA LITHOPHAGA)
SA ISTOCNE OBALE JADRANA
POLICIKLICKIM AROMATSKIM UGLJIKOVODICIMA

J. Dujmov and P. Sucevit¢

Institute of Oceanography and Fisheries, Split, Yugoslavia

Polycyclic aromatic hydrocarbons (PAH) in the date-
shell (Lithophaga lithophaga) from a wide variety of dif-
ferent polluted and unpolluted habitats of the eastern coast
of the Adriatic Sea have been detected. UV-fluorescence
spectroscopy was used for the analysis. Emission spectra
were scanned at the wavelengths from 350—510 nm and the
results were expressed in chrysene and Kuwait oil equiva-
lents.

The lower value determined in the investigated area
was 0.41 ug/g dry weight in the Dugi otok island and the
maximum was 20.41 ug/g dry weight determined in a loca-
lity near the port of Sibenik. The levels of PAH in shel-
lfish Lithophaga lithophaga are closely related to land-ba-
sed sources contamination of the Adriatic Sea. The back-
ground levels in the dateshell are about 1.0 ug/g.

INTRODUCTION

It is evident that in recent years the number of organic compounds ente-
ring the marine environment has increased. Most of them are present as a
hydrocarbon mixture, which contains complex homologous and isomeric se-
ries of alkanes, olefins and aromatics. Among these the aromatic hydrocar-
bons, particularly the polycyclic ones (PAH), have drawn special attention
because of their toxicity to marine organisms (Anderson et al., 1974; M o-
ore and Dwyer, 1974) and to man through food web or environmental
exposure.
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This inputs of PAH, besides industrial wastewaters, could be also from
shipping traffic, incidents, shipping losses, deposition from the atmosphere,
from street run-off etc (Pavoni et al, 1987; Wakeham et al., 1970;
McVeety, 1987).

Shellfish filter large amounts of sea water. At the same time they accu-
mulate and concentrate water soluble fractions, oil in water dispersions and
oil compounds which are adsorbed onto suspended matter.

The experiments made with exposed marine organisms to oil polluted
sea water have proved that they accumulate in their tissues aromatic hydro-
carbons and they remain for a long time, so they act as bioaccumulators.
However, when the organisms are transported from polluted to unpolluted
sites, the accumulated hydrocarbons are released rather quickly (2—60 days),
depending on the type of organisms. The crab and fish eliminate PAH quick-
lier than shellfish, which means that shellfish have probably a lower detoxifi-
cation system (Neff et al, 1976; Stegeman and Teal, 1973; Fossa-
t o, 1975).

It is well known that some PAH components are higly genotoxic so that
there is a major concern for their occurrence in the marine environment
(NRC, 1985).

The contents of PAH in bivalves from several coastal areas are well do-
cumented (Albaiges et al., 1982; Ehrhardt, 1972; Fazio, 1971; Cahn-
mann and Kuratsune, 1957; Farrington et al, 1983; Tavers
et al., 1988) while for the Adriatic Sea the information is very limited (F o s-
sato and Siviero, 1974; Dujmov and Sucevi¢, 1986 and 1989).
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We report in this paper the contents of PAH in a shellfish dateshell
(Lithophaga lithophaga) collected from ten localities on the eastern coast of
the Adriatic Sea: Dugi otok (Sakarun), Zadar (Borik and Punta Mika), Sibe-
nik (Solaris and Zlarin), Split (Ka§juni), Neum (Klek and Duboka), Dubrov-
nik (Gruz), Herceg Novi (Trasée), Ulcinj (Valdanos), Vis (Rukavac) and Susac
(Gradiska) (Fig. 1).
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MATERIALS AND METHODS

The bivalves (cca 5 cm lenght) were collected from 1 m depth by diver
with aqualung. The fleshy part was separated and homogenized in a blender
type »Waring« before freeze drying. The analitical procedure consisted in
saponification of the sample with 6N NaOH aq. solution during 18 hours at
30°C. The mixture was extracted five times with ethyl ether, the combined
extracts dissolved in hexane and put on top of a column, filled with alumina
(top) and silica (bottom). The aluminium oxide 90 active, acidic, was prepared
by heating at 350°C for 12 hours and partly deactivated adding 5 pet cent
distilled water by weight. The silica gel 60 (0.063—0.200 mm) was heating at
120°C for 8 hours and partly deactivated with 2 per cent water by weight.
Three portions were eluted: I with 20 ml of hexane, IT with 20 ml of hexane-
-methylene chloride (9:1), III with 40 ml hexane-methylene chloride (8:2).
After concentration and dilution the sample was analysed by UV-flourencence
(IOC/UNEP/CSIC, 1984).

The emission spectra of fractions II and IIT were scanned from 330 to 530
nm with an excitation wavelength of 310 nm. The contents of PAH were
calculated from the fluorencence intensity measured at 360 nm and were ex-
pressed as chrysene and Kuwait oil equivalents.

The relation between wet weight and dry weight was also determined.
For this purpose a few grams of wet sample was dried at 105°C till constant
weight.

RESULTS AND DISCUSSION

The PAH contents in dateshell are presented in Table 1. The most pol-
luted shellfish was from the locality of Sibenik (Solaris) where the contents
of PAH were 20.41 ug/g chrysene equivalents and 239.46 ug/g Kuwait oil
eguivalents. The next one is the Split area with PAH contents of 6.57 ug/g
chrysene equivalents and 77.32 ug/g Kuwait oil equivalents and then Boka
Kotorska Bay with 5.63 ug/g chrysene equivalents or 66.26 ug/g Kuwait oil
equivalents basis. The minimum PAH value was observed in the offshore is-
land Dugi otok (0.41 wg/g dry weight chrysene equivalents and 5.46 Kuwait
oil equivalents).

This spatial distribution of PAH contents in organisms from the eastern
coast of the Adriatic Sea is in connection with the known origin of pollution
on the investigated industrial zones such as Zadar with about 120.000 inha-
bitants, Sibenik with 80.000, Split about 250.000 and the touristic place Du-
brovnik with about 67.000 inhabitants, a number which in summer time grows
up significantly.

In Fig. 2 are shown the typical emission spectra for dateshell living in
the area situated out of direct influence of industrial and urban waste waters,
whereas in Fig. 3 are presented the spectra of the samples collected near Split,
which is the largest town in the coastal area, the more industrialized and
consequently with higher traffic activity.

From the profile of the emission spectra it is also possible to identify
the sources of aromatic compounds, because the compounds which are of
petroleum have their maximum emission at wavelenghts from 340 do 400 nm,



Table 1. The PAH contents in shellfish Lithophaga lithophaga sampled in June 1987 on the eastern coast of the Adriatic
Sea (ug of chrysene and Kuwait oil equivalent/g dry tissue)

Fraction II Fraction III Total Wet weight
Localities Chrysene Kuwait oil Chrysene Kuwait oil Chrysene Kuwait oil Dry weight
Dugi otok
Sakarun 0.06 1.03 0.35 4.43 0.41 5.46 —
Zadar
Borik 0.39 4.72 2.50 29.40 2.89 34.15 5.9
Punta Mika 2.01 24.28 0.99 12.32 2.01 36.60 3.9
Sibenik
Solaris 4.14 48.69 16.27 48.69 20.41 239.46 2.3
Zlarin 4.21 49.49 1.12 13.37 5.33 62.86 45
Split
Kasjuni 0.24 2.95 6.33 74.37 6.57 77.32 3.7
Vis
Rukavac 0.65 7.89 0.88 10.46 1.53 18.35 6.0
Neum Klek
Klek 0.07 0.96 0.99 11.74 1.06 12.70 44
Duboka 0.46 5.58 0.80 9.62 1.26 15.20 5.0
Sulac
Rt Gradiska 0.16 2.29 0.84 10.30 1.00 12.59 41
Dubrovnik
Gruz 0.87 10.42 0.84 10.06 1.71 20.48 6.0
Boka Kotorska
Trasce 0.26 327 5.36 62.99 5.63 66.26 —
Ulcinj
Valdanos 0.30 3.76 2.33 27.49 2.63 31.25 4.0
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Fig. 2. Emissions spectra of fractions II and
III of shellfish Lithophaga lithophaga
from Susac locality

and the more condensed which usually are of pyrolitic origin have maximum
emission at 400—480 nm. The spectra obtained in our investigation reflect
that marine organisms accumulate most aromatics with 2 to 4 rings (petro-
leum origin) although in the urban and industrial areas a pyrolitic compo-
nent can also be recognized.

There is a liltle number of published data about the levels of PAH in
shellfish from the eastern coast of the Adriatic Sea. Picer (1987) cited
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Fig. 3. Emission spectra of fractions II and
IIT of shellfish Litpophaga lithophaga
from Split erea (Kasjuni)

that the values of content PAH in the mussels from the locality of Sibenik
lie in the limit from 1.9 to 19.5 ug/g wet weight Kuwait oil equivalents or
9.21 to 1.69 wug/g chrysene equivalents, while Dujmov and Sucevi¢
(1986) in the same shellfish (mussels) collected from a pillar of the drilling
platform in the northern part of the Adriatic Sea found that contents of
PAH were 4.36 ug/g dry weight crysene equivalents. Fossato et al. (1979)
determined two representative aromatic compounds in mussels from the La-
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goon of Venice (north-west Adriatic), benzo(a)pyrene and perylene. Lee et
al. (1972) found that the mussel Mytilus edulis has the ability to benzo(a)pyrene
from the sea water even when this is a very trace components The natural
background levels of PAH in mussels are still largely unknown. According
to Risebrough et al. (1983) levels of total hydrocarbons (aliphatics and
aromatics) less than 10 wug/g (dry weight) are representative for relatively
unpolluted areas.

However, Mackie et al. (1980) indicated the total PAH concentration
in mussels varies 50 to 140 ug/g wet weight as unpolluted and these 1930 to
2850 ug/g wet weight as heavily polluted.

The PAH concentrations determined on the stations from the open sea
represent background levels for this sort of shellfish in the Adriatic.

CONCLUSIONS

The PAH contents in shellfish Lithophaga lithophaga from the eastern
Adriatic coast range from 1 to 20 ug/g dry weight chrysene equivalents. The
higher values are found in the nearshore localities which are under direct
influence of the land-based sources of pollutants.

The background contents of PAH for the open Adriatic Sea are about
1 ug/g dry weight. This bivalve can be used as a sentinel organism in mo-
nitoring studies.
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ONECISCENOST SKOLJKE PRSTAC
(LITHOPHAGA LITHOPHAGA) SA ISTOCNE OBALE JADRANA
POLICIKLICKIM AROMATSKIM UGLJIKOVODICIMA

J. Dujmov i P. Sucevié

Institut za oceanografiju i ribarstvo, Split, Jugoslavija

KRATKI SADRZAJ

U posljednje vrijeme zbog naglog urbanog i industrijskog razvoja znat-
no se povecava broj organskih spojeva koji ulaze u morsku sredinu. Medu
njima posebna paZnja se posvecuje aromatskim ugljikovodicima zbog njihove
visoke toksi¢énosti i stabilnosti koje pokazuju akumulirajuéi se u tkivima
morskih organizama.

U ovom radu po prvi put su za Jadran izneseni podaci o razini koncen-
tracija ovih spojeva u Skoljki prstac (Lithophaga lithophaga). Uzorci su sa-
kupljeni uzduz isto¢ne obale Jadrana. Tkivo S§koljaka je liofilizirano a anali-
ze su se izvodile tehnikom UV-fluorescentne spektroskopije preporucéene od
medunarodnih organizacija UNEP i IOC. Snimani su emisijski spektri nize
i visSe aromatske frakcije na valnim duljinama od 290 do 540 nm, pri kon-
stantnoj valnoj duljini ekscitacije od 310 nm. Koli¢ina aromatskih ugljiko-
vodika izracunata je na valnoj duljini od 360 nm prema standardima krize-
nu i Kuvajtskom ulju. Minimalna vrijednost od 0.41 ug/g nadena je na po-
staji Dugi otok, dok je maksimalna odredena na lokalitetu Solaris blizu
Sibenika i iznosi 20.41 ug/g suhog tkiva. Prema dobivenim rezultatima koli-
¢ine PAH, uocena distribucija je u skladu sa poznatim kopnenim izvorima
zagadenja. Takoder se na osnovu istih rezultata moze utvrditi da »backgrund«
koncentracija PAH u prstacima Jadranskog mora iznosi 1,0 ug/g suhe teZine.



ke -

1 e £ A7 i, DN
AV EE L S 1ED T ST e A, ey £ ey
A 1(_"-':”.“[ A L S Pe

AL S pm PP TR TN

A LR TR DL S PYCL

Yor, Al adw e deange f Coanme i aea 0o ot RTINTTT: B
S Jove o wleten L oo opd 3o, AR sy G B
deplt 2 o ok B ool IR U ade B{ITFYEd) e e B

e Botee e @ ulE o Endog an foa w2y £ e d

# Jevnule3a s
S T T

R it L B R L BT N PO (I A RS I ¥ ST I

W
[

b

nrke "

ﬂic‘

"
B v epapfe 4, pptdiud g v  foy 4
S e bl TR g kB w'TT werl ol -roaakn Soal . oo
Fep wreeeple, i Ll S ey cgeal YT avddesT 4 e e
I T (ORI BT i Lol 2| aiaet I P PR T T T A
F Sg oo B ol BOT Rer gos nebl el winderh e ek ot
PR TR L SR Y M B I N O TR T dpnb feriae -
CogemT Y e pmtey oit BAE Rl s o it v a I et T 1
T T TR T R T S Lot S 1 IR S T oo '
w T4 RS T S R alpa g v PTI, DFT T S PR SR fes ? 4
oA e 1 e iy e uf ¢ el vnaft S la B ora wey 17
s b el g o B (O T TR B LA
whi ad @ - 2T A0 L0 T ARl Mt e o Mgl oL g
ok = e A s 0 i el awabel A Y e g "4 N

.




