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INTRODUCTION

A very sensitive method for the determination of mercury (CVAAS), as

well as a sampling method causing no contamination, were applied

in order to investigate levels of mercury in waters, sediments and

organisms from the Adriatic Sea. The content of methyl mercury in

natural samples was also established by the same method, with pre-

vious separation of ionic and methyl mercury by an ionic exchange.

Investigations of biogeochemical cy.cle of mercury in the water eco-

system were carried out in two chosen areas; the first being the

Sibenik aquatorium, rather unpolluted so far, inducing the estu-

arine environment (the Krka river estuary), as well as unpolluted



area of the Kornati archipelago. The second area chosen was the

Kastela Bay, an example of extremely polluted marine environment,

loaded with mercury from a nearby chlor-alkali plant.

EXPERIMENTAL METHODS

The samples were taken by the scuba diving method, which proved to

be a very useful sampling technique, particularly for obtaining

detailed concentration profiles in the estuarine environment (1,2).

During the sampling, special attention was paid to handling of the

samples in order to avoid contamination. The water was sampled in

the glass bottles precleaned in a clean seawater for 10 days.

The sediments were sampled in the plastic tube corer, and the frac-

tion^ 75.urn from the upper 2 cm layer was analysed. Composite

samples of 25 specimens of mussels were used for the determination

of mercury. Fish tissues teken from the individual specimens were

analysed as well.

Mercury in an ionic form was measured using CVAAS, the method deve-

loped in the institute of Applied Physical Chemistry, Nuclear

Research Center, Julich, West Germany (3). Mercury was reduced in

the reduction vessel v/ith 10% SnCl in 20% H SO under the N gas

flow. The mercury vapour was deposited on a gold wool, reevaporat-

ed at the temperature of 900 C and measured in the quartz cuvette

at 253.7 nm. A Perkin Elmer model 410 AAS was used. The detection

limit of this method was^O.l ng/1 for water samples (from 200 ml)

and^0.2 ,ug/kg for solid samples (from 1 g). Reproducibility was

more than 10%.

In the water samples, total and methyl mercury were measured sepa-

rately in various subsamples. In the solid samples, ionic and

methyl mercury were extracted from the sample by 6NHCl. The water



or the extract from the solid sample passed through the ionic

exchange column pretreated with 6NHCl. The mercury was measured

in the filtrate after UV irradiation for 10 minutes. In solid

samples, ionic mercury was eluted from the column with 8 N HNO^
O

and measured after digestion at 200 C in the closed quartz vessel.

For the determination of total mercury, the solid samples were

digested with HNO (10% HClO for sediments) and measured using

CVAAS.

RESULTS AND DISCUSSION

In 1986, investigations on biogeochemical cycle of mercury in

the Adraitic Sea (started in 1984) continued (4,5,6,7). The levels

of mercury in water, sediments and organisms in the Sibenik

aquatorium were followed seasonaly. In 1986 the investigations of

the total/methyl mercury ratio in various compartments of this

area were carried out. Total and methyl mercury were also determin-

ed in the environment polluted by mercury (the Kastela Bay).

a) The levels of total mercury in samples from the Sibenik

aquatorium

A very low mercury levels were found in the water (less than 3 ng

dm ) which corresponds to the results obtained for the open ocean

waters (Table 1). This is the case, not only for the Kornati

archipelago, but for the coastal stations near Sibenik as well.

We believe that these values reflect actual mercury levels in

natural waters. A great sensitivity of the method used, as well as

the superior sampling technique, enabled us to investigate the

behaviour of mercury in the water column. An excelent example of



this is the vertical concentration profiles of mercury, obtained

in the Krka river estuary, at the station where the mixing of fresh

and saline water occurs (Fig. 1). With the scuba diving technique,

as a very accurate sampling method, it is possible to obtain the

water samples from the layer only several centimeters wide. In this

intermediate mixing zone, a precipitation of organic matter occurs.

In this zone,, an aglomeration of the suspended particles could

also be predicted. As a consequence, all trace metals including

mercury, show concentration peaks at the depth where rapid increase

of salinity occurs.

In the upper part of the estuary, the sediments contain higher

percentage of the finest particles than at the seaward locations.

In order to diminish these variations, the fractions of <75 .urn

in diameter were analysed for the mercury content. The results

obtained generally correspond to those obtained for unpolluted

marine and estuarine environments (Table 1), except for the loca-

tions which are under direct anthropogenic influence. The concen-

trations of total mercury in waters and sediments show a good

agreement at the locations investigated.

Mussels, being a well-known indicator organisms, were monitored

seasonaly for the total mercury content (Table 1). The levels of

mercury in the whole soft tissues were rather low and fall in the

range of concentrations relevant to the animals from the unpol-

luted regions. If we take a closer look at the results obtained,

it is evident that the mercury levels depend on the animals'

condition factors and the characteristics of their surroundings.

For example, there is a positive correlation between the concen-

trations of mercury in water and mussels tissues in the results

obtained.



b) The ratio of the total/methyl mercury in the samples from

the Sibenik aquatorium

Water, sediments and organisms were sampled for a methyl mercury

analysis in autumn of 1986. The water was collected at three

different depths (surface, an intermediate layer and the bottom)

(Table 2). However, it must be mentioned that the boundary

between fresh and saline waters was not distinct during this

period. The concentrations of mercury were rather low (less than

2 ng/1) and except for the station near the industrial wastewater

input (a food industry) methyl mercury was under detection limit.

A few results of the sediments analyses show a low level of methyl

mercury in the fraction of < 75 ,urn (Table 2). The percentage of

mercury in a methyl form is around 0.5% which is in a very good

agreement with the results obtained a few years ago in the Kastela

Bay (8,9).

Mussels were analysed on two occasions for the content of methyl

mercury: in 1985 and 1986 (Table 3). It is impossible to discuss

the factors controlling the level of methyl mercury in mussels

because of the small number of samples taken. However, it was

interesting to see that the mussels collected at the stations

where methyl mercury was found in the bottom water, contained

significantly higher percentage of mercury in an organic form.

The percentage of methyl mercury in mussels was higher than the

one obtained in the Kastela Bay, which was the consequence of

more than ten times higher total mercury level in the mussels from

the environment polluted by mercury. Only two species of fish

were analysed: Diplodus annularis and two species of Mugilidae



CheIon labrosus and Liza aurata (Table 4). Diplodus annularis

contains almost all mercury in the muscles in a methyl form. This

percentage, as well as the concentration of total mercury are

significantly lower in Mugilidae species.

c) The ratio of the total/methyl mercury in the Kastela Bay

Stimulated by the previous investigations carried out in the

Kastela Bay (8,9), water, sediments and organisms in the vicinity

of the source of the mercury pollution in this area, were analysed.

A few meters away from the wastewater outlet, enormously high

levels of the total and methyl mercury in all samples analysed,

were found (Table 5). For example, seawater contained about

100 ng dm of methyl mercury, the highest level that has even

been found in the literature. However, it must be mentioned

that at this sampling station (50 m away from the source of the

mercury pollution) water is rather shallow (1 - 2 m ) and the sea-

water directly reflects the production of methyl mercury in

sediments. The level of mercury rapidly decreases away from the

mercury source, especially as far as seawater is concerned.

Several hundred meters away from this place, we were unable to

detect any methyl mercury in seawater. The analysis of the verti-

cal mercury and methyl mercury profiles in sediments showed very

high concentrations of these in the deeper sediment layers (Fig. 2)

This distribution v/as expected, since it is well-known that the

mentioned chlor-alkali plant has been running for more than

30 years.



CONCLUSIONS

A scuba diving technique proved to be a very useful sampling

technique particularly for obtaining detailed concentration

profiles in the estuarine environment. A CVAAS method was shown

to be a superior analytical technique for measuring the levels

of mercury in natural waters.

In the framework of the investigation of the biogeochemical cycle

of mercury carried out in the Sibenik aquatorium, the ratio of

total and methyl mercury was determined in various marine compart-

ments. The results obtained showed that methyl mercury in sea and
_3

estuarine waters is generally below detection limit ( 0.2 ng dm )
_3

but total mercury values were also very low (1 - 2 ng dm ). The

percentage of methyl mercury in sediments (<1%), and mussels

(<50%) are comparable to previous measurements carried out in the

Kastela Bay (8,9) and literature data in general. Few samples of

fish analysed, showed an influence of feeding habits on the total

mercury level, and' especially on the total/methyl mercury ratio.

In the mercury polluted environment very high mercury and methyl

mercury levels (as well as correlation between them) were found.

These concentrations were significantly decreasing going away

from the source of the pollution by mercury.

On the basis of these results, the biogeochemical cycle of mercury

in estuarine and marine environments will be further investigated,

with special attention being paid to the fresh/saline water inter-

face.
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Table 1 Total mercury levels in the samples collected during 1986 in the Sibenik aquatorium

Location

1

2

3

4

5

6

7

8

9

10

depth
0.5 m

0.34(0.1)

0.68(0.3)

0.97(0.3)

2.22(0.5)

2.26(0.5)

0.60(0.1)

1.20(0.9)

2.30(0.6)

0.42

0.50

Water (ng/dm )
depth
6.0 m

Sediment (.ug/kg d.W.) Mussels (.ug/kg W.W. )

<75.um

1.31(0.2)

0.82(0.1)

2.22(0.7)

2.0 (0.5)

211.3(241)

520.0(250)

362.6( 88)

1522.3(474)

763.3(397)

565.3(454)

712.2(447)

554.7(360)

120.6

126.0

29.1( 6.5)

33.9( 7.9)

28.3( 6.1)

35.2(12.1)

33.4( 8.7)

39.0( 8.7)

24.1

28.3

Note: Numbers represent the average values and standard deviations from the results obtained for

the samples collected seasonaly from February to November 1986.



Table 2 Total and methyl mercury concentrations in waters and

sediments from the Sibenik aquatorium

(samples were collected in September 1986)

Location

4

5

8

Location

4

4

5

WATER (cone

Depth

surface
intermed.layer
bottom

surface
intermed.layer
bottom

surface
intermed.layer
bottom

SEDIMENT (cone, in

Particle size Hg

<75.um 610

<T300.um 78

<75.um 460

. in ng/dm )

Hg

0.9
1.7
1.8

1.6
1.8
1.1

0.45
0.75
2.4

.ug/kg d.W.)

MeHg

3.3

0.4

2.0

MeHg

<0.2
<0.2
0.3

<0..2
<0.2
<0.2

<0.2
<0.2
0.75

% MeHg

0.5

0.5

0.4

,



Table 3 Total and methyl mercury concentrations ( .ug/kg W.V/.)

in mussels (Mytilus galloprovincialis) collected during

1985/86 in the Sibenik aquatorium

Location

4

5

6

7

8

4

5

Sampling date

May 1985

H

H

H

Sept. 1986

Hg

30.2

25.3

28.3

38.7

24.8

28.6

25.0

Me

4.2

7.8

6.7

9.8

16.3

4.0

8.5

% MeHg

13.9

30.8

23.6

25.0

65.7

14.0

34.0



Table 4 Total and methyl mercury concentrations ( .ug/kg W.W.)

in fish collected in September 1986 in the Sibenik

aquatorium

Species

Chelon
labrosus

Liza
aui'cita

Diplodus
annularis

Tissue

Muscle
Liver
Brain

Muscle
Liver
Brain

1-lU ù U -L G

Hg

33.8( 6.
50.8(30.
33.8

42.5( 2.
13.5( 4.
7.6

88.5(26.

6)*
3)

8)
9)

2)

MeHg

15.9( 5.
6.0( 2.
8.7

34.6(23)
5.1( 3.
1.0

78.0(25.

6)
3)

2)

4)

% MeHg

46(10)
19(10)
26

57(18)
13
13

87.6(2.8)

Average values from several individual specimens; standard

deviations are given in parenthesis



Table 5 Total mercury and methyl mercury concentrations in water and organisms from the

mercury polluted environment (the Kastela Bay)

Distance from
Hg source (m)

Water
THg MeHg % MeKg

(ng/dm ;

Mussels
THg MeHg %MeHg

( /Ug/kg W.W. )
THg

Oysters
MeHg

ug/kg W.Vv.
MeHg

50

200

400

600

m

m

m

m

320 000

333

106

57

88.9

0.2

0.2

0.2

0.03 181 700

12 300

1 400

563 0.3

92.5 0.75

41.3 !.9

48 600 227 0,5

Mercury levels in sediments from this station are shown in Fig. 2



]?ig.l. Vertical profile of mercury in water from the Krka river

estuary
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