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Figure 43. Mercury and selenium in Mullus barbatus from an area high in mercury (Leonzio et al.

1982) .
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Figure 44. Mercury and selenium in Mullus barbatus from an area low in mercury (Leonzio et al.
1982).
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3.9 Pollution indicators

Measurements of mercury concentrations in air, sea water, sediments and biota can all serve
as pollution indicators. Since sea water and sediment concentrations will influence the Hg levels
in biota, their determination is important for a prediction of the levels to be expected in
biota. Because sea water masses are subject to horizontal and vertical movements while sediments
are quite stationary, sediments will be much more useful in locating pollution sources than
water. Furthermore, the Hg concentrations in sediments and biota are at least 1000 times higher
than the sea water levels and, therefore, the analytical requirements are much less demanding. On
the other hand Hg concentrations in sea water are at present better suitable for a prediction of
the Hg levels in biota and its toxicity on biota. So far, the bioavailability of the various
mercury species associated with sediments has not been studied sufficiently to allow the
prediction of biota levels from sediment concentrations. Also applying a standard reference
extraction procedure of sediments would be very useful for the comparison of the results obtained
by ‘different authors. This reference procedure should be used always together with other
procedures if the investigator prefers other methods. At present only a qualitative relationship
between sediment and biota concentrations has been established both for natural and anthropogenic
sources. Therefore, sediment levels are very useful to identify sources of contaminations but
they must be integrated with Hg concentrations in the biota to assess possible risks, both to
marine organisms and humans exposed to Hg intake from seafoods. The accumulation rate, the
internal distribution and the release is different for various inorganic and organic Hg species
(see section 4.3). Also the levels observed in biota in areas under the influence of natural and
anthropogenic sources have clearly shown that the physico-chemical form (species) of Hg play an
important role in the bioavailability of Hg. Therefore, key Hg species must be monitored together
with total Hg. Total Hg determinations can only serve as a preliminary orientation. The
accumulative nature of the Hg species in biota requires that specimens of the same size be
compared. However, instead of prescribing a standard size for monitoring (which may not be
available to the investigator) regression curves of Hg concentration versus size of a wide range
should be examined, since it has been shown that this is much more effective in distinguishing
contamination levels in biota than standard sizes. Selecting sessile marine organisms and
organisms which migrate over restricted and over wide areas allows the monitoring of areas of
different sizes. Selecting organisms belonging to different trophic levels and having different
feeding habits allows a differentiation of the paths and routes the different Hg species will take
in the environment.

3.10 Conclusion on mercury levels

The analytical uncertainty of the measurements, especially in air and sea water, but also in
sediments, make the evaluation of and the comparison between the data of different authors
extremely difficult, if not impossible. Reference materials and reference standards at the levels
at which Hg occurs in the marine environment are only available for biota and sediments. However,
these standards are valid only for the standardization of total Hg concentrations, no standards
exist for the comparision of key Hg species (e.g. methyl mercury).

It is fair to say that data which have not been obtained under good quality contro)
(comparison with reference standards and/or intercalibration, frequent periodical checks against
the laboratory's own substandards) cannot be considered without reservations. The responsible
scientist, of course, realizes that management decisions based on wrong analytical data can have
great economic consequences.

The different areas of tne Mediterranean have been surveyed very unevenly. For instance,
very few data are available from the southern coast of the Mediterranean, Egypt being an exception.

Air: The data available up to now are limited to the western Mediterranean and even they
are still scarce and sporadic. Nevertheless, the data indicate that the Hg levels of open sea
areas are lower than over land. As expected, urban air has higher Hg levels than rural air. Hg
levels in air over rural areas in the Mt. Amiata Hg anomaly are considerably higher than over
rural areas not influenced by natural Hg sources. The chemical species of Hg in air are at
present only operationally defined and a true identification is necessary to understand the role
different Hg species play in the atmosphere and in the transport from air to ocean and vice versa.
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Due to the uneven distribution of land and oceans in the two hemispheres, over open ocean sites in
the northern hemisphere the mean level of "gaseous Hg-T" is estimated to be about 1.5 ng Hg-—T/ln3
and over open ocean sites in the southern hemisphere about 1 ng Hg—-T/m3. '

Seawater: The lack of proper quality control of the sea water measurements makes it very
difficult to state which levels may be typical of the open Mediterranean. Taking into
consideration only recent data for the "open ocean" sea water samples, the means of "total
dissolved Hg" concentrations range between 7 and 25 ng Mg-T/L. For comparison the range of means
of recent equivalent data from non-Mediterranean areas extends from 2 to 14 ng Hg-T/L. Data on
some coastal zones seem “"very high" and urgently need confirmation by other workers. Most
important of all, workers engaged in sea water analyses should try to intercalibrate at least on a
local level, i.e. between laboratories which can analyse simultaneously the same samples. A great
handicap in the understanding of the biogeochemical cycle of mercury present the lack of
analytical data on chemical species of Hg in sea water.

Sediments: High Hg levels have been detected near some towns and in the adjacent areas to
river mouths. Investigating other near-town sediments, especially near their sewage outfalls, will
likely turn up other "hot spots® in the 1 to 10 mg Hg-T/kg DW range.

Biota: The large number of Hg levels in edible marine organisms investigated during the MED
POL Phase I project has greatly contributed to a better understanding of the distribution of Hg
concentrations in seafoods. Total mercury concentrations increase with size in marine organisms;
only bivalve mussels seem to be an exception. In more evolved molluscs (sepia) the Hg
concentrations increase with size as in other marine organisms. This increase with size is more
evident in organisms which have long lifetimes and high Hg concentrations. More relationships
between Hg concentration and size are needed for an accurate comparison of the Hg levels in
individual species from different locations and for a prediction of the possible Hg levels to be
expected in various seafoods. For some areas (e.g. the southern coast of the Mediterranean) the
data base available is still very limited. However, despite these limitations there is no doubt
that marine organisms from many areas in the Mediterranean, which are not polluted by
anthropogenic sources, generally have higher levels than marine organisms from unpolluted areas of
other regions. In particular, data on the Hg concentration versus size for a mollusc and several
pelagic fishes illustrate that these species have higher Hg concentrations in the Mediterranean
than in the Atlantic. Hg concentrations have been determined in mixed unrepresentative plankton
samples of unknown species composition vary widely and therefore no difference between the
Mediterranean and other oceans can be established. The usefulness of these data is limited to the
establishing of an sea water/plankton concentration factor of 1000 to 5000. Very limited data show
that in Mediterranean plankton organisms, as in many other marine organisms, the mercury
concentration increases with size. Similar data from the Atlantic are needed to establish if
significant differences exist also for plankton organisms from the two regions. Mean Hg
concentrations of 1000 ug/kg FW and maximum concentrations above 2000 ug Hg-T/kg FW are not rare
in Mediterranean seafoods. The highest concentrations in Mediterranean seafoods were observed in
large predatory fishes situated in the highest trophic levels such as tuna (maximum: 6300 ug
Hg-T/kg FW), but also in Mugil auratus (maximum: 5600 ug Hg-T/kg FW), Mullus barbatus (maximum:
7050 ug Hg-T/kg FW), Nephrops norvegicus (maximum: 3000 g Hg/kg FW) and Mytilus galloprovincialis
(maximum: 7000 pg/kg FW). High Hg levels in seafoods have been observed in areas II, IV, V and
VIII of the Mediterranean. Typical Hg concentrations are difficult to identify. However, it is
indicative that rarely mean concentrations are below 100 Mg Hg-T/kg FW. Nearly all results have
been obtained under quality control measures, so that the majority of the data can be considered
reliable. Birds have high Hg concen‘.ations and also they seem to have higher Hg-T levels in the
Mediterranean than in the Atlantic. The highest Hg levels of all biota were found in marine
mammals. Again higher Hg-T concentrations seem to occur in the Mediterranean species.

Natural sources: The data show clearly that Hg sources of natural origin influence the Hg
levels observed in sediments and biota. A mussel transplant experiment, in particular, was very
illustrative in this respect. However, determining the total amount of Hg in water and sediment is
not sufficient for a prediction of the level in biota. The very high concentrations in the
sediments in the Gulf of Trieste (up to about 50 mg Hg-T/kg DW), confirmed by two authors, result

in onlv a relativelv small increase in the Ha levels in mussels. Much lower concentrations in



sediments (up to S mg Hg-T/kg DW) off the coast of the Mt. Amiata anomaly increased the Hg Tevel
in M. barbatus to much higher levels. Unfortunately the Hg concentrations of this fish have not
been investigated in detail in the Gulf of Trieste, but the few data (without size indications)
showed only slightly higher levels than those from other parts of the Mediterranean not under the
influence of natural Hg anomalies. The leaching experiments carried out on the sediments from the
Mt. Amiata anomaly showed that investigating the chemical species of the Hg present is very
important for an understanding of the distribution pattern of Hg in the environment. Similar
experiments, taking into consideration the processes invoived in the Hg uptake by marine organisms
in different positions in the food—chain, may supply an explanation for the differences observed
in the Gulf of Trieste and the Tuscan coast.

Anthropogenic  sources: The release of mercury from industrial complexes, mainly
chlor-alkali plants, showed that mercury is highly enriched in sediments and in suspended matter
near the plant's outfall, but, somewhat unexpectedly, only slightly in the biota inhabitating the
immediate surroundings. At a distance of 10 to 20 km Hg levels are reached background levels
again, even in areas with massive Hg inputs. The chemical species (physico-chemical form) of the
Hg released seems to play a very important role in the bicavailability of the Hg released and in
its distribution pattern. Hence, the determination of total Hg concentrations is not sufficient
to understand and predict the distribution pattern of the Hg release in the various components of
the marine ecosystem. Sewage outfalls can increase the Hg concentrations in the adjacent
environment.

Organic mercury: The few data so far available show that the relative amounts of organic
mercury increase with age of the organism and increasing position in the food—chain. Plants and
plankton have much lower relative amounts of organic Hg than crustaceans and fish. Bivalve
molluscs seem to be an exception as their content of organic (and total) Hg decreases with size.
In fishes 60 to 95% of the Hg-T (depending on age and trophic level) is methyl mercury. In the
liver of fishes and in marine mammals low percentage of organic Hg has been found.

Mercury/selenium relationships: Considerable attention has been given to the simultaneous
increase of Hg and Se in marine organisms because Se is an antidote to mercury poisoning. In most
cases the Se levels seem to be independent of the Hg levels. But in some special tissues, such as
the liver and brain, molar ratios near to one have been observed. In some fishes the sum of the
molar concentrations of Hg and Se has shown to be related with length. More data are necessary to
see if this is a general phenomena.

Pollution indicators: Since Hg is an accumulative element, i.e. the Hg concentration
increases with size of the marine organism (bivalves seem the only exception), various marine
organisms may serve as indicators of areas of different extension. Sessile organisms may serve as
indicator of very small areas, while organisms migrating over medium to large areas can serve as
indicators over more or less wide areas. According to the size of the area to be monitored sessile
or species with a migrations pattern corresponding to the area to be monitored can be selected.

4. BIOGEOCHEMICAL CYCLE OF MERCURY IN THE MARINE ENVIRONMENT

4.1 Natural and anthropogenic sources

Mercury is introduced into the marine environment both from natural and from anthropogenic
sources. Following the Minamata incident, the great concern about anthropogenic mercury releases
has distracted the attention from the potential hazards of natural occurring mercury sources.
Retatively high mercury concentrations are found in the geochemical mercury anomalies.

4.1.1. The Mediterranean as a natural geochemical anomaly

Mercury occurs naturally in the environment and is concentrated in geologic belts. Mercury
deposits belong to one of the two Tertiary or Quaternary orogenic and volcanic belts: the
circumpacific and the Mediterranean-Himalayan belts (Figure 45). A more detailed figure of the
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past and present mines of the Mediterranean shows the wide distribution of Hg in the Mediterranean
basin (Figure 46). Published detailed surveys are rare (Figure 23) but no doubt the mining
companies possess extensive data from the prospecting for possible Hg mining sites. The Hg
concentrations higher than background, but too low for mining, may occur in many parts of the
Mediterranean. Although a systematic survey of Hg levels in the Mediterranean has not been
carried out, it is indicative that 65% of the world's mercury resources are supposedly located in
the Mediterranean basin which occupies only 1% of the earth surface (Table 36). In 1970 Italy
exported 35% of its production, Spain 95% and Yugoslavia 90% (Nriagu, 1979) showing that
themercury is not necessarily dispersed in the country of production. Where the anomalies have
been studied their influence on the nearby coastal zones is evident from the above background
concentrations in sediments and biota (section 3.5). A transport route may be presented by
suspended matter as has been shown by Baldi (Baldi, 1986). This author found that the Hg
concentrations of particulate matter in sea water were much higher than the Hg concentrations in
the sediments of the same station. Similar results were observed to occur in the Tagus estuary
(Figueres et al. 1986) and in the Gulf of Cagliari (section 3.6). In the Tagus estuary the Hg
levels in the sediments decrease rapidly with distance from the Hg source, but the Hg
concentration in the suspended matter remains high (Figure 47). In the sea the influence of Hg
contained in small suspended particles may extend the influence of Hg anomalies over a much wider
area than observable in Hg concentrations in sediments.

Anthropogenic sources of importance for the marine environment are mainly metallic Hg

released in wastes from chlor-alkali plants where the Hg® has been used in electrodes and wastes
from plants involved in the PVC production that use HgCl, and HgSO, as catalysts (Nriagu,

1979). Sewage outfalls can create “Hg hot spots” in sediments (section 3.3).

4.1.2 River inputs and land run-offs

A rough comparison of the watershed of the Mediterranean basin (Figure 48) and the locations
of the mining area (as representative for the Hg anomalies) shows that only the Almaden does not
drain into the Mediterranean and the Konya only partially. The great influence of the Hg levels
in sediment and biota for two areas (Mt. Amiata and Idrija) has been discussed previously (section
3.5). For the other areas no data are as yet available, but an influence on the Hg concentrations
in the adjacent marine environment can be foreseen.
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Figure 45. The mercuriferous belts on the earth (Australian Working Group, 1980).



In the framework of the Mediterranean Action Plan an assessment of the total pollution
inputs from land-based sources was attempted through the project MED POL X of UNEP (1984) which
included also very approximate estimates on the mercury input from various sources (Table 37). It
must be pointed out however, that in many cases it was necessary, because of lack of data, to make
extrapolations from a very small and unevenly distributed data base. Therefore, the estimates may
not even be correct in their orders of magnitude. More data are urgently needed, and since it has
been shown that even large anthropogenic sources have only a limited influence (section 3.6),
future data should be presented on local basis rather than for the whole Mediterranean or for
large areas.
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Figure 46. Locations of active and inactive mercury mines in the Mediterranean (courtesy of Mt.
Amiata Mining Company)
® = very productive mines; 0 = presence of mercury;A: previously productive mines.
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Table 36. Reasonably assured mercury resources and yearly production
of mercury in 1975 (Bernhard and Renzoni, 1977)

Production Reserves ore grades

(metric ton) (%)
Mediterranean:
Spain 1622 87000 1 - 2
Italy 1048 (*) 21000 0.5 - 0.8
Yugoslavia 584 20000 0.2 - 0.9
Algeria 458 ? ?
Turkey 300 ? ?
Tunisia ? ? ?
> 4015 > 140000
Total world 8585 > 215000
Mediterranean
in % of world 47 65

(*) the Italian production was discontinued in 1978 because mining
was not longer profitable.
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Figure 47. Longitudinal evolution of particulate mercury in the Tagus estuary
w = sediment; ® - sediment including sand; O = suspended matter.
Sources: Sp = Soda Povoa; CQ = Complexo Quimigal; SN = Siderugia
Nacional; VF - Villa Franca. (Figueres et al. 1986).
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Figure 48. Conventional watershed of the Mediterranean (Ambroggi, 1977). The freshwater drainage
area is about 1.8 million km? including only 30000 km? of the Nile delta out of
the 2.7 kmZ of the entire Nile River basin.

Table 37. Estimates on inputs of mercury in the Mediterranean (UNEP, 1985)*

Originating in coastal zones carried by
Region domestic industrial rivers total
(t/year) (% total) (t/year) (% total) (t/year) (% total) (t/year)

I 0.04 2 0.6 24 1.8 14 2.5
11 0.3 1 2.1 8 30 N 33
I 0.04 1 0.2 1 2.5 92 2.1
v 0.12 1 1.1 10 9.5 89 10.7
v 0.08 >0 0.5 1 40 99 N
VI 0.03 >0 0.16 2 9.6 98 9.8
VII 0.03 2 0.16 9 1.5 88 1.7
VIII 0.05 >0 0.2 2 14 98 14.3
IX 0.01 >0 0.05 1 7 99 1.1
X 0.07 1 1.2 17 5.6 82 6.9
Total 0.76 0.6 6.9 5.4 122%*) 94 130

* ) Data are very approximated (see text)



4.1.3 Atmospheric_inputs

The high volatility of many Hg species suggests that the atmospheric pathway is important in
the biogeochemical cycle of Hg. Unfortunately no degassing rates over land or sea have been
determined in the Mediterranean basin, and, therefore, to obtain at least some idea of the

phenomenon, data from non-Mediterranean regions are considered.

Although a precise quantification is difficult, the following global values have been
suggested by Matheson (1979): land degassing 17800 t/year, open ocean degassing 7600 t/year,
coastal water degassing 1400 t/year and volcanic activity 20 t/year. This estimate of emissions
totals 26800 t/year, which is higher than the 18500 t/year quoted by Miller and Buchanan (1979).
There is obviously considerable uncertainty attached to these estimates, particularly in
accounting for recycling and in extrapolating to the global totals.

Atmospheric emissions from anthropogenic sources are less than those from natural sources;
estimates on ratios vary between 1 to 4 and 1 to 30 (Miller and Buchanan, 1979). However, on a
local basis anthropogenic emissions can certainly be of considerably gr;e'ater significance than
natural emissions. For degassing McCarthy et al. (1969) considered that Hg levels in soil
concentrations were less important than in the underlying mineral deposits. He found degassing
rates ranging from 0.64 ng Hg m‘zday" in areas without underlying mineral deposits to about
42 pg Hg m™ day"] over cinnabar veins. The author determined the Hg increase in oceanic air
moving over 100 km of land and estimated the degassing rate of the soil around San Francisco to be
about 4 jug Hg m‘zday". Considering that this soil contained about 5 times more Hg than the
average soil, the degassing rate for the US continent was estimated at 0.8 ug Hg m‘zday‘].
Later this estimate was lowered to 0.3 yg I-Ig/m'2 day (EPA, 1975).

The natural mantle degassing processes emit elemental Hg vapour for the greater part. The
MeHg is thought to have mainly biological origins (section 4.2).

The Hg emitted from volcanoes is a special source. Investigating with INAA (instrumental
nuclear activitation analysis) the emission of atmospheric particulate matter collected on
Whatmen 41 filter paper from the Etna, Buat-Menard and Arnold (1978) found a geometric mean of
0.25 g Hg—T/m3 from three samples in the main plum (about 5°C) and a geometric mean of 0.5 ug
Hg-T/m3 in three samples taken from hot vents (greater than 3000C).

Natural Hg is present in the atmosphere as free vapour (associated with particulate matter
as adsorbed elemental or organic Hg), as mercuric chloride vapour, or as monomethyl- and dimethy!l
Hg. Dimethyl mercury is unstable in the air and is quickly degraded by UV into elemental Hg.
The elemental Hg is also in an unstable oxidation state and converts slowly to soluble forms which
are readily transferred into atmospheric water droplets. Water and particulate Hg usually
accounts for less than 1% of the Hg-T (Fitzgerald et al. 1983). However, these species are mainly
responsible for the transport of Hg from the atmosphere to the earth surface, because they are
easily washed out by rain or (to a lesser extent) scavenged by dry deposition. To these natural
mercury species, Hg from industrial sources has to be added. Johnson and Braman (1974) analysed
the Hg species in air which had been moving over the highly polluted Hillsborough Bay of Tampa
(Florida). This air had 5 times the Hg-T level of air that had moved mainly over land. The
authors found the following species:

mercury vapour 50%
mercuric halide vapour 25%
monomethyl mercury 21%
dimethyl mercury %

particulate mercury ax































































































































































