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Rivers play an important role in global carbon cycling as they, transform and transport
substantial amounts of carbon derived from the terrestrial systems to the oceans [1]. Riverine
carbon cycling is affected by anthropogenic influences on hydrology, chemistry and biology of
the river and its catchment. The Vistula, one of the most mineralized rivers of the world [2],
drains industrialized and agriculturally-used areas populated by almost 23 million inhabitants.
Moreover, much of the industrial and domestic wastewaters discharged into the Vistula river
are untreated or insufficiently treated. High levels of pollution have serious environmental and
economical consequences. For example, they limit use of Vistula waters as a source of
drinking water and for industrial purposes. Pollutants transported by the Vistula river
significantly influence water quality, far into the open Baltic Sea [3].

The aim of the paper is to show how stable isotope techniques can be used to assess human
impact on sources, fluxes and fate of dissolved inorganic carbon (DIC) and other pollutants in
rivers, taking the Vistula river as an example. Vistula waters were sampled over a one-year
period at Krakow (upper reaches), where the anthropogenic influences are at the extreme, and
at the river mouth. Two campaigns were undertaken to sample the Vistula river along its
course in summer and in autumn. Analyses of river water included temperature, pH, alkalinity,
conductivity, dissolved oxygen, 6C of dissolved inorganic carbon and stable isotope
composition of water (80O and 62H1).

Carbon cycling in the Vistula river is significantly influenced by various anthropogenic factors
which modify fluxes of DIC to and from the river system and also influence transformations
of inorganic and organic forms of carbon within the river. The 3"CD1C value appeared to be a
useful indicator of the overall carbon budget in the system.

There are two anthropogenic sources of DIC into the Vistula river: saline wastewaters from
coal mines in the upper Vistula catchment, and highly alkaline (due to the excessive use of
fertilizers) tributaries draining agricultural areas. Agriculture and domestic wastewaters are
sources of organic carbon whose decomposition in river waters causes the increase Of PC0 2

and corresponding lowering of p and 6'3C of DIC. On the other hand, nutrients from
agricultural and domestic sources support development of phytoplankton communities.
Photosynthetic assimilation of dissolved CO2 results in increase of pH and 63 C of DIC. These
anthropogenic alterations of carbon cycling result in supersaturation of river waters in CO2

with respect to the atmosphere. The Vistula, as with many other large rivers, is a net source of
CO2 to the atmosphere.

Fig. 1 shows how photosynthesis and respiration influence the carbon cycle characteristics in
a regulated part of river reach. Respiration of organic matter in rivers may cause depletion of
dissolved oxygen. This process is intensified in dammed and regulated parts of a river because
water velocities are reduced, which. in turn allows sedimentation of organic matter. Also the
river is not connected with its natural riparian zone, periodically flooded.
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FIG. . Biologically induced fluctuations of pCO2 cause concomitant changes of pH and 83CDc.
Nocturnal respiration consumes signi~ficant amounts of oxygen.

The middle Vistula has retained almost a natural character that supports self-purification of
river waters. Isotopic composition of DIC reaches values typical for lowland rivers in
carbonate terrain. Characteristics of carbon cycling in the less-regulated middle Vistula are not
influenced even by untreated domestic sewage from the city of Warsaw (ca. 1.5 million
inhabitants). The carbon cycle in the lower Vistula is significantly influenced by an artificial
reservoir (Wloclawek). In summer, respiration of organic matter deposited in the reservoir
causes severe oxygen depletion and significantly influences pH, PC0 2 and 3'3 CD1C. All these
carbon cycle characteristics regain their values only ca. 150 km downstream from the
reservoir.
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