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ABSTRACT 

Alkalinity, L C02 and pH were measured and the respective PC0 2 was calculated for over 1000 
water samples from the North Sea. Distribution of these parameters in the surface waters in 
May-June, 1986, shows that three principle water masses exist in the North Sea: North Atlantic 
water, Skagerrak water and German Bight water. The carbonate parameters of the German 
Bight water are indicative of an intense plankton bloom which reduced the PC0 2 to values as 
low as 88 ppmv. Assuming an average thickness of the stagnant boundary layer of 40 µm, the 
C0 2 flux entering the areas with a PC02 below that of ambient air (346 ppmv in 1986) amoun­
ted to 3.1x109 moles C0 2 d- 1

• However, at the same time, areas with a PC02 up to 518 ppmv 
and therefore higher than the atmospheric PC0 2 co-existed in the central North Sea and near 
the British coast. These areas formed a source for C02 to the atmosphere ii\ the size of 1.1x109 

moles C0 2 d- 1
• Taken together, the North Sea had an area-averaged PC0 2 of 323 ppmv and 

formed a net sink for C0 2 in the range of 2.0 x 109 moles d- 1 or 7.5 x 104 moles km - 2 d - 1 or 
24 x 103 t C d - 1 in summer 1986. It is estimated that a total of 4.3 x 106 t C enters the North Sea 
in the warm season. This size is comparable to the additional C0 2 uptake by phytoplankton 
induced by the anthropogenic input of nutrients which amounts to 5-6 x 106 t C a - 1

. 

1. Introduction 

The rapid anthropogenic release of C0 2 from 
fossil fuel and from biosphere destruction has 
upset the natural carbon cycle (e.g., Degens et al., 
1984 ). Roughly half of the surplus C0 2 stays in the 
atmosphere, while half enters the ocean because 
of the chemical buffer capacity of the aqueous 
carbonate system. Additionally, phytoplankton 
might sequester C0 2 in coastal seas because 
of ongoing eutrophication. It is estimated that 
phosphorus and nitrogen inputs to coastal seas 
have increased by a factor of ten since 1850 (Walsh 
et al., 1985 ). One of the most polluted coastal seas 
is the North Sea (Kempe et al., 1988). It is situated 
between 51°N and 61°N and 4°W and 9° E and 
covers an area (A) of 525,000 km 2

• It receives 
an excess of nutrients from British and Central 
European rivers (Kempe et al., 1989, 1990). The 
annual load of phosphorus and nitrogen to the 
North Sea is estimated to be 120 x 103 t and 
970 x 103 t, respectively (ICES, 1978). The elemen-

tal ratio of C:N:P of phytoplankton (Redfield 
ratio, 105:15:1; Broecker and Peng, 1982) suggests 
an additional sequestering of carbon of roughly 
5-6 x 106 t C annually. 

However, several questions remain unclear in 
this approach. First, it is not certain that this 
carbon is derived from the atmosphere, it may be 
derived from the high carbonate alkalinity of rivers 
entering the North Sea. Second, phosphorus may 
be buried bound to inorganic compounds and 
nitrate might be denitrified, thus diminishing the 
nutrients available for plankton blooms. Third, 
much of the organic matter produced is respired 
again leading to interannually increasing nutrient 
concentrations and an increase in the annual 
amplitude of plankton blooms, but not necessarily 
to a net subtraction of organic matter with 
settling sediments. These increases are in fact 
observed in the long-term record of nutrient con­
centrations and primary productivity at Helgoland 
(Radach and Berg, 1986). 

Permanent deposition of additionally fixed 
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