Effect of the copper speciation on a natural freshwater ecosystem
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Using the method of mesomodelling, we found that in a body of water an increase in the fraction of Cu?+ with respect to inorganic
complexes resulted in an increase in the toxicity and in a decrease in the sorption on suspended matter and in the removal to

bottom sediments.

The speciation of metals is responsible for their environmental
transport, bioavailability and toxicity.!> However, the majority
of relevant data was obtained with laboratory models, which
simulated only separate portions of real ecosystems, and direct
experimental data for a whole aquatic ecosystem are absent.

The aim of this study was to examine the behaviour of cop-
per additives (the dynamics of copper removal and the effect on
aquatic organisms) under conditions of a real aquatic ecosystem
with different copper speciation. For this purpose, we used the
natural modelling methodology3# with the installation of meso-
cosms (volume of 2 m3, height of 3 m) directly on a water body
(a gulf of the Novosibirskoye reservoir). The additives of Cu2+
to the mesocosms were 500 pg dm=3 at a background concentra-
tion of 2.3 g dm=3 in water of the Novosibirskoye reservoir. The
experiments were performed in July—August, 1999 and 2000. The
redistribution of copper species in the mesocosms was reached
by bubbling carbon dioxide. We also used this technique for
examining lead additives.5

Previously,® CuCO;, Cu(OH),, Cu(OH)*, Cu?* and copper
bound to dissolved organic matter (DOM), CuL. were found to
be the main copper species in water of the Novosibirskoye
reservoir, and the ratio between these species essentially depends
on pH (Table 1).

Because the nature and composition of DOM in natural water
are unknown and variable, the integral parameters (the condi-
tional constant K* and the total concentration L of binding sites)
are commonly used under assumption that the stoichiometry of
CuL compounds is 1:1.7 These assumptions are justified if we
calculate the fractions of free and bound metal ions in solution.
The following values were used to calculate the speciation:
[Ca?*] =4.7x10~* mol dm3, [Mg?*] =2.3x10~* mol dm-3, [HCO3] =
= 1.5x10-3 mol dm=3, K* =2.0x10° dm3 mol-! (pH 6) and L =
= 1.6x10-¢ mol dm=3. Thus, the acidification of water from pH
8-9 up to pH 6 results in a dramatic redistribution of copper
species.

We performed two experiments; in one of them, water in
mesocosms was constantly acidified to pH 6 during the entire
experiment (14 days) and in the other water was acidified only
before the addition of Cu2* to mesocosms.

Four mesocosms (M1-M4) were used in each of the experi-
ments. The metal (500 pg dm-3) was added as a Cu(NO,), solu-
tion to mesocosms M2 and M3 with and without acidification
of water, respectively. The other two mesocosms were used for
control (M1 with acidification of water and M4 with no addi-
tives). During 10-14 days, we measured pH, concentration of
dissolved oxygen, total copper concentrations in solution [Cu],,
and suspended matter [Cu], and the total primary daily produc-
tion P, estimated by the daily amplitude of [O,].8 To evaluate
the amount of copper removed from bulk water to bottom sedi-
ments, sediment traps were mounted at the bottom of mesocosms

Table 1 Copper species (%) in water of the Novosibirskoye reservoir at
different pH.

pH Cu2+ CuOH~* Cu(OH), CuCO;, CuL
6 17.5 0.3 <0.1 2.2 80.0
7 5.2 0.8 1.6 17.3 75.1
8 0.8 1.3 26.2 329 38.8
9 <0.1 0.4 85.4 10.1 4.1
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Figure 1 Dynamics of pH in the surface water of mesocosms M1-M4 in
the (a) former and (b) latter experiments.

in the former experiment. Copper in sediments was determined
by atomic absorption spectrometry (Model 3030 Perkin—Elmer
analyser) using a graphite atomiser (HGA-600), and dissolved
copper was determined by stripping voltammetry (IVA-3a).

At a natural pH value (M4), Cu(OH),, CuCO; and CuL are
the main copper species in solution, whereas Cu?+ and CuL are
predominant at pH 6 (Table 1). In the former experiment, pH
was maintained constant [Figure 1(a)]; therefore, the ratio be-
tween these copper species in M1 and M2 remained unchanged
during the experiment. In the latter experiment where water was
acidified only before the addition of Cu2+, pH increased from 6
to 7.5 in M2 [Figure 1(b)]. This resulted in a gradual change in
the copper speciation, which became similar to that in M3 at the
end of the experiment.

Figure 2 presents the dynamics of [Cu],, and [Cu] as a per-
centage of the initial concentration of added copper. It can be
seen that in the former experiment a shift of the copper dis-
tribution to Cu?* in M2 resulted in a considerable decrease in
the metal removal from a water column as compared to M3. At
the end of the experiment, 20% copper added remained in M2,
whereas the copper concentration in M3 decreased to a back-
ground level. In the latter experiment, the analogous removal of
copper in M2 was observed only in the first four days; there-
after, the removal was accelerated. This is likely due to the fact
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Figure 2 Dynamics of Cu concentration in water of mesocosms M1 and
M3 in the (a) former and (b) latter experiments.

that the copper speciation in M2 approached that in M3 in the
second part of the experiment. A similar effect was observed
previously> for lead additives. The effective pseudo-first-order
reaction rate constant that describes the removal of copper to
bottom sediments in M2 decreased by factors of 2 and 1.5 in the
former and latter experiments, respectively, with respect to M3.
The concentrations of copper in air-dried sediments were 1.82
and 3.45 mg g-! in M2 and M3, respectively (the control value
was 0.054 mg g1).

In all cases, the injection of copper (500 ug dm-3) resulted in
a depression of the total productivity of the ecosystem. The
values of P in M2 and M3 decreased to 0.3P, in M4 after four
days. However, this effect was reversible in M3 (P/P, increased
to 0.83 and 0.96 at the end of the former and latter experiments,
respectively). In contrast, the stable depression of production pro-
cesses was observed in M3 (P/P, = 0.3-0.4). A similar result was
obtained previously* with a greater copper additive (1000 pg dm=3)
at a natural distribution of copper species. It is believed® that Cu2+,
CuOH+* and Cu(OH), are the most toxic species, whereas CuCO,
and CuL exhibit minimum toxicity.” However, the fraction of
CuCO; sharply decreased (Table 1) and the fraction of CuOH*
was constant as pH decreased from 8-9 to 6, whereas the frac-
tion of Cu?* sharply increased (Table 1). Thus, we believe that
the increase in the fraction of Cu?* is responsible for the ob-
served increase in the toxicity of copper additives at pH 6.

Thus, we experimentally found that an increase in the fraction
of hydrated Cu?* ions with respect to non-charged complexes
with inorganic ligands impairs the sorption of copper on sus-
pended particles and its removal into bottom sediments; the toxic
effect on plankton communities increases.
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