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The chemocline is the borderline between the upper oxygen-containing (oxic) seawater and the
sulfide-containing (anoxic) seawater below, i.e. the borderline between the living and dead sea.

The three most studied waters with more or less permanent chemoclines are the Black
Sea, the Baltic Sea at the Gotland Deep and the Norwegian fjord Framvaren. All these three waters
were created during the latest deglaciation some 8000 to 10000 years ago. Any change in the nutrient
load or the meteorological and hydrological conditions will shift the depth of the chemocline and thus
the living conditions for the marine life.

To be more specific: The hydrological conditions in the Black Sea can be changed by
using the river water for irrigation which will shift the water balance. The density of the oxic layer
will increase and the chemocline depth will decrease, i.e. move upwards.

In 1997 the summer in July and August was unusually warm in the Scandinavian area.
Noxious algae blooms occurred, but the effect of the fallout in August-September on the Gotland
Deep was not measurable with the analytical methods that were used.

Framvaren is connected with the North Sea through a man-made channel with a sill
depth of 2-3 m. The chemocline at 20 m has been shifted downwards from 18 m in the last 15 years. It
is tempting to deepen the channel in order to allow larger vessels into the fjord. This would lower the
chemocline, but release hydrogen sulfide and kill off all fish in the oxic layer by asphyxiation.

All three areas are affected by river inflows and runoff. Besides the fresh water content
of nutrients two river-borne species affect the systems: dissolved silica (Si(OH)4) and iron (Fe2+ and
Fe(OH)3). The supply of silica is necessary for the spring blooms of siliceous algae and the fallout of
biogenic opal. Iron is not only an essential trace metal but its availability is affected by the chemocline
chemistry.

The most difficult part of the chemocline chemistry is the sulfur chemistry and
microbiology. In the 3rd edition of Methods of Seawater Analysis [1] the chapters on the determination
of hydrogen sulfide, sulfur and thiosulfate have been revised. In the future more attention is going to
be given to elemental sulfur since it seems to be the key product of the reaction between oxygen and
hydrogen sulfide and reaches its maximum concentration in the chemocline. Ralf Steudel has focussed
the attention on the formation of polythionates [2] and devised methods for their determination [3].
Below the chemocline elemental sulfur is present as polysulfides ((H2SD).

The chemocline and the anoxic water below the chemocline affects many of the trace
metals. The dissolved concentrations of the metals are determined by the solubility equilibrium, e.g.
MS(s) + H* <=> M2+ + HS' (see ref. [4]) and the complex formation equilibrium M2+ + 2HS" «=>
M(SH)2. A few reliable equilibrium constants have been obtained for iron(II) (6.45), zinc (12.9),
cadmium(13.8) and mercury (37.7). As judged by the constants for mercaptoethanol (HOCH2CH2SH)
in Table I the complexes MSHT may be neglected.
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Cu(I)
Ag(I)
CH3Hg+

tr

16.7
13.4
15.9
9.72

TABLE I. FORMATION CONSTANTS (log Ki) FOR METAL COMPLEXES WITH
MERCAPTOETHANOL

_ _ _ _

Fe(H) 2.5
Co(H) (3.2)
Ni(H) 3.9
Cu(II) 8.1
Zn(H) 5.7
Cd(II) 6.1
Hg(H) 20.0
Pb(II) 6J3

Only two beneficial properties may be connected with the chemocline: denitrification
(elimination of ammonium and nitrate by formation of dinitrogen, N2) and the elimination of a few
toxic metals (e.g. cadmium and mercury) by coprecipitation with FeS and FeS2.

The following equilibria and equilibrium constants explain the concentrations of iron below the
chemocline in Framvaren at 20 m:

Fe(s) + KT <=> Fe2+ + SH"; log Ks = -3.61 ± 0.50
Fe2+ + SH" <=> FeSBT; log Kx = 2.6
Fe2+ + 2SH" <=> Fe(SH)2; log KjKz = 6.2

The results for Framvaren and the Black Sea have been published in Aq. Geochem.
2(1996)111-129, 3(1998)329-343 and 3(1998) in print.
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