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The northern Adriatic is heavily polluted by both domestic sewage and
industrial discharges. Increased concentrations of heavy metals in coastal waters
were reported (Branica, 1978).

Due to high accumulation factors and ability of strong binding of metals
seaweeds are valuable indicators in metal pollution studies. Metals present in algae
are, however, related to the problem of water pollution monitoring.

In thie estudy the concentrations of Mn, Zn, Cd, Cu and Pb were determined by
atomic absorption spectrometry (AA 6 Techtron Varian). Samples were collected in the
rocky eulittoral and sublittorally at Piran and Rovinj. Both seasonal and perennial
species from differently polluted siteés were studied. Differences in accumulation
capacity between species and genera were considered as well as seasonal and habitat-
conditioned variations in trace metal content. Five to ten paralleles were taken for
each species during sampling. Results are means of three replicates and are
expressed as ug.g of dry weight.

The trace metal content in the surface water at Piran during spring (April)
was: 60 ug.l of Zn, 6 ug.l” " of Mn, > 0.5 ug.l * of Cd, > 2 ug.1™~ of Cu and > 1.5
ug.l_l of Pb. In spite of the fact that the concentration of %n in seawater was
notably higher than that of Mn, the concentration of the latter was two to three
times higher that that of Zn, in some cases even more. The toxic metals Cd, Cu and
Pb were found in low concentrations in the investigated material, with few
exceptions. Looking at the algal material as a whole, resulte indicated that Mn
concentrations in the tissue were the main distinguishing characteristic between the
taxonomic groups as well as in seasonal and habitat-conditioned variations.
Variations in the 2Zn content were less pronounced and did not always follow the same
trend as the Mn content. The toxic metals showed no definite trends of variations
and tended to be elevated in some taxonomic groups {representatives of the
Scytosiphonales, Dictyotales Gelidiales and in some crustose corallines).

Among the brown algae the perennial Fucus virscides exhibited a relatively high
Mn content {ranging from 97 to 475 ug.g = for the Piran material and from 28 to 44
ug.g - for that from Rovinj). It increased from winter towards summer, with a peak
in August and subsequent decline in autumn. Seasonal variations in 2Zn content were
less pronounced (ranges from 40 to 74 wug.g ~). In the Rovinj material
the Mn content was lower than in that from Piran. Differences were less conspicuous
regarding the Zn content. Among other fuccid species belonging to the genus
Cystogeira a high Mn content was found in the eulittoral Cystoseira compressa,
whereas in the sublittoral fucoids it was notably lower. It seems, however, likely
that the eulittoral fucoids accumulate more Mn and also Zn that the sublittoral
ones. The Cd content in the fucoid species varied between 0.3 and 0.7 ug.g ~, that
of Cu between 2 and 10 ug.g ~ and of Pb between 2 and 6 ug.g'l. In representatives
of the Sphacelariales (Halopteris scoparia) and Dictyotales (Dictyota dichotoma,
Dictyopteris membranacea, Padina pavonica) a high Mn content was notable, especially
in Padina. Also in these samples both Mn and Zn concentrations were lower in the
Rovinj material than in that from Piran. Elevated concentrations of toxic metals in
representatives of the Dictyotales were most obvious in the Pb content, which ranged
from 5 to 11 ug.g'l,' while that of Cu was between 3 and 8 ug.g” . A high Pb
concentration was also found in Halopterig scoparia., Of the Scytosiphonales,
Scytosiphon lomentaria and Colpomenia sinuogsa were collected -in rather polluted
sites. It was obvious that the accumulation of Mn and Zn increases towards the end
of the vegetative period in Scytosiphon and that the Mn content was again higher in
the Piran than in the Rovinj material. The oposite was true for the %n content.
Exceptionally high values for Pb and Cu were found in the Scytosiphonales from
Rovinj (22 to 69 ug.g * Pb and 9 to 22 ug.g ® Cu). They are possibly related to an
intensified pollution at the immediate sampling sites.

Among the red algae dif in metal ions between the
taxonomic groups were obvious. In Porphyra leucosticta from a brackish habitat (Lim)
low Zn and Mn concentrations were obvious (23 and 15 ug.g ~ respectively) and the Cu
content was eslightly elevated. In the rest of the red algae both Zn and Mn
concentrations were higher than in Porphyra. In Jania rubens and Corallina
officinalis the Mn content was high and exceeded the 2n content by two to four
times. Also in Corallina the Mn content in the Rovinj sample was lower than in that
from Piran, whereas the Zn content was on the same level. The Pb content of both
species was elevated in summer (8 and 11 ug.g ~). Among representatives of the
Gelidiales, Gelidium pusillum and Pterocladia_capillacea, even higher concentrations
of Mn and Zn were observed (214 and 217 ug.g - of Mn and 60 and 73 ug.g = of %n). In
both species the Pb content was elevated to 15ug.g” ~, whereas the Cu content was
high only 'in the eulittoral Gelidium pusillum (15 wug.g ~). Both species were
collected at different seasons and littoral levels. Similarities in their trace
metal might that c Trelationships might be of primary
importance for the affinities of seaweeds to dissolved metals. A similarity in metal
levels was also observed among representatives of the Ceramiales, Ceramium ciliatum
and Laurencia obtusa. The Mn and Zn concentrations in both species were similar {75
and 85 ug.g ~ of Mn and 23 and 17 ug.g ~ of 2n), hence lower than in the rest of the
red algae investigated. Similarities between the two related species were also
obvious in their contents of toxic metals, which were low. All the red algae
observed exhibited a low Cd and relatively high Pb content. Like in the brown algae,
it became obviocus that the Mn content was the main distinguishing characteristic
between the taxonomic groupe and that among the Gelidiales and the coralline algae,
also the elevated Pb content was outstanding.

only a few samples of green algae were included in our study. Mixed samples of
diverse Enteromorpha species were collected eulittorally where they form continuous
mats. They occur in several subsequent generations during the year, which is
reflected in their metal levels. The Mn content was highest in summer and again
lower in the Rovinj than in the Piran samples. Slightly elevated Pb values in spring
and autumn are noteworthy (8 and 9 ug.g ~). Samples of Cladophora dalmatica and Ulva
rigida from Rovinj exhibited similar 2Zn, Mn and Pb contents, but were collected
during different seasons of the year. As a contradiction of the above statment that
taxonomic relationships are outstanding in the ability for trace metal accumulation,
the two Codium species, Codium vermillara and Codium effusum, were totally
different. This relates to the Mn and 2Zn contents (36 and 82 ug.q—l Mn in the former
349 ug.g™* Mn in the latter).

In spite of several experimental studies on trace metal accumulation in
seaweeds (e.g. Munda, 1979,1982 etc.) this contribution yields information on theix
metal content under unstable field conditions, reflecting metal pollution in the
North Adriatic shelf area.
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