
manent thermocline. In the warm sea- 
son, the same layers may be secluded 
from direct interchange with the air by 
the stable stratification of the seasonal 
thermocline. This process is not only 
of interest for the formation of differ- 
ent water masses, but also for exchange 
of properties between atmosphere and 
ocean, e.g., gas exchange. Gas, for ex- 
ample oxygen or CO2, may enter the 
ocean from the atmosphere by diffu- 
sion processes through the interface. It 
is then mixed throughout the mixed 
layer at the top of the ocean. Further 
downward transport is small due to the 
stable stratification. The ventilation 
process provides for transport to 
deeper layers at least during parts of 
the year. 
Previously only very coarse estimates 
of the heat exchange at the air-sea in- 
terface have been available. From a 
data set of 8 million observations re- 
ported by voluntary observing ships, it 
has been possible to calculate the dif- 
ferent components of the air-sea heat 
exchange. The data set allows a high 
spatial resolution [2]. 
Calculation of the net energy flux at 
the air-sea interface has been through 
parameterization of the main compo- 
nents of the energy balance: incoming 
short-wave radiation, depending on so- 
lar height and on cloudiness; net long- 
wave radiation at the sea surface, de- 
pending mainly on temperature, water 
vapor content and cloudiness; evapo- 
ration as function of air-sea humidity 
difference and wind speed; and ex- 
change of sensible heat, depending on 
the air-sea temperature difference and 
wind speed. 
Due to the different atmospheric and 
oceanic parameters, the pattern of sea- 
sonal variation of the zero heat flux 
line shows considerable detail (Fig. 1). 
The seasonal variation of insolation, of 
course, is dominated by the height of 
the sun, but is modified markedly by 
cloudiness. The second major energy 
component, evaporation, is strong in 
the tropics due to higher water temper- 
ature, and is most pronounced in the 
Trade Wind region and the West Wind 
Drift due to higher wind speeds. Com- 
bination of high evaporation and low 
insolation leads to an area of heat loss 
from the ocean to the atmosphere cen- 
tered at 10~ between 35~ and 
50~ first detected by Bunker and 
Worthington [1]. The general equator- 

to-pole variation of insolation and 
evaporation is modified on the west 
side through advection by the strong 
currents of the Gulf Stream and North 
Atlantic Current, and on the east side 
by upwelling at the North West Afri- 
can coast. 
In spring, heat flux from the ocean to 
the atmosphere is found in a band from 
the Gulf Stream area to the Northeast 
Atlantic, and in a smaller area in the 
Trade Wind region off South America. 
In the remaining regions the ocean 
gains heat. In summer, most of the 
North Atlantic Ocean gains heat except 
for a small area in the Gulf Stream re- 
gion in August and some areas in the 
inner tropics, where reduced insolation 
and high evaporation yield a heat flux 
into the atmosphere. In fall, most of 
the northern part of the ocean loses 
heat to the atmosphere, while the 
southern regions of the ocean still gain 
heat. Also in September, some cold 
water areas, e.g. of the Labrador 
Current, gain heat. In winter almost 
the total area of the North Atlantic 
Ocean gives heat to the atmosphere ex- 
cept for the inner tropics and the 
waters near the African coast. 
In the annual average (as shown by the 
dashed line in Fig. 1 b) the northern 
part of the ocean and an area in the 
Trade Wind region off South America 
loses heat to the atmosphere, while the 
southern part of the ocean and the cold 
water areas of the Labrador Current 
and the West Greenland Current gain 
heat. 

It may be mentioned that climate eval- 
uation from ship observations is not a 
simple task. Since the components of 
heat exchange are not directly mea- 
sured, the calculations involve parame- 
terizations which are less than perfect. 
Ongoing research and collection of 
more data may perhaps yield later re- 
visions of the present knowledge. De- 
spite this we believe that the calculated 
regional and annual variation is typi- 
cal, and can be used in other research 
even if details need to be revised. This 
statement is based on the fact that the 
systematic uncertainties involved are 
about 15 Wm -2. The annual and re- 
gional variation of net heat exchange 
is several hundreds of W m-z,  therefore 
revisions of the parameterizations 
should not distort the overall picture. 
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Removal of Strontium by Coprecipitation 
in Lake Constance with Calcite 
H.-H. Stabel, J. Kiichler-Krischun, J. Kleiner, and P. Merkel 

Limnologisches Institut der Universit/it, D-7750 Konstanz 

The Sr/Ca ratio (defined as atoms Sr/ 
atoms Ca x 1000) in water from Lake 
Constance is 6+0.5 [i] and thus is ex- 
ceptionally high compared to most 
freshwaters [2]. The fact that in the 
main tributary (the Alpenrhein) high Sr 
concentrations occur together with 
high sulfate contents has led to the con- 
clusion that celestite (SrSO4) is leached 

in the drainage area. Larger quantities 
of celestite were reported for the north- 
ern rim of the Northern Calcareous 
Alps [3] especially for the Ladinian 
"Wettersteinkalk" which is also pres- 
ent in the watershed area of Lake Con- 
stance [4]. The Sr/Ca ratio of the lake 
is balanced mainly by the Sr content 
of riverine water [1]. This concentra- 
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Fig. 1. A) Seasonal variations in the sedimentation rates of dry matter (.) and of organic 
matter (n) in the settling material; B) seasonal variations in the Sr and Ca contents of 
settling material in Lake Constance 

tion varies seasonally between 0.35 and 
0.86 m g l - 1 ,  whereas strontium con- 
centrations in the lake and in the out- 
flow (the Seerhein) are rather constant 
(0.42 mg 1 1) either due to a dilution 
effect in the lake water or to the remov- 
al of  Sr by precipitation. Three differ- 
ent sinks can be discussed: uptake by 
biota, adsorption to particulate matter, 
and coprecipitation with calcite which 
is authigenically formed in summer [5]. 
Here we report on the sedimentation 
of  strontium and calcium measured 

with sedimentation traps from January 
1985 to March 1986. The traps were 
suspended at 20 m depth (i.e., the max- 
imum extension of  the euphoric zone) 
and were retrieved in nearly weekly in- 
tervals. Methods of  sample preparation 
and combustion are reported in [5, 6]. 
Contents of  Sr and Ca were analyzed 
by atomic absorption spectrometry 
(Perkin Elmer, Mod. 3030B). 
Phytoplankton is the main source of  
suspended particulate organic matter 
in the euphotic zone of  Lake Constance 

Table 1. Experimental data of the calcxte precipitation experiments (f2 = calcite saturation 
index, see text) 

PHsta r  i p H e n  d [ C a ]  . . . . .  [ C a ]  end [Sr]  start [Sr] e.a s t2~nd 

[10- a tool 1-1] [10- 6 tool l- 1] 

9.51 9.21 1.157 0.853 
9.53 9.21 1.18 0.838 
9.5 9.19 1.309 0.869 

5.02 4.57 45.33 16.25 
5.14 4.45 46.87 17.14 
5.36 4.57 50.7 15.46 

[7]. The sedimentation rates of  organic 
matter (Fig. I A) vary independently 
from fluctuations in the algal biomass 
and are not correlated with the sedi- 
mentation rates of  particles, expressed 
as dry weight (DW). There are also no 
relations between sedimentary fluxes of  
strontium and of  organic material. 
Calcium carbonate, on the other hand, 
is the major component  of  settling ma- 
terial and thus Ca fluxes seem to con- 
trol the sedimentation rates o f  DW. 
The annual mean Sr/Ca ratio in the 
settling material of  Lake Constance is 
3.6. During the annual cycle there is 
a close linear correlation between the 
Ca and the Sr contents in the sedimen- 
tary matter (Fig. 1 B): 

[Sr] = 0.00165 x [Ca] + 0.0124 

[Sr] and [Ca] in % of  DW, n=26 ,  r =  
0.804. 
From these data we suggest that there 
is coprecipitation of  calcium and stron- 
tium in Lake Constance, while a Ca- 
independent precipitation of  Sr (e.g., 
uptake by biota, binding on noncalcar- 
eous minerals) is of  minor significance 
and can be estimated from the y-inter- 
cept of  the regression line. 
In order to test whether in Lake Con- 
stance strontium is removed predomi- 
nantly by coprecipitation with calcite, 
the following experiment was per- 
formed: Lake water from 50 m depth 
was filtered through membrane filters 
of  0.2 pm pore size. In order to achieve 
a high degree of  supersaturation, the 
pH of the filtrate was adjusted to 9.5 
with N a O H  and C a C t 2 - 2 H 2 0  was 
added until a calcite saturation index 
(g?) close to 48 was reached. According 
to [8], this index is defined as the ratio 
of  the ion activity product  o f  the solu- 
tion divided by the solubility constant. 
The reaction was performed in a closed 
bottle at 15 ~ The addition of  CaCO3 
seed crystals (10 mg 1-1 in the reaction 
vessel) led to rapid calcite precipitation. 
Within 14 h the pH was lowered to 9.2 
and the Ca concentration was reduced 
from 1.215 x 10 .3  to 0.854 x 10 -3 tool 
1 1 (cf. Table 1). Concomitantly, the 
Sr concentration decreased from 
5.17x 10 -~ to 4 .54x 10 -6 mol 1-1. In 
the solute the Sr/Ca ratio increased 
from 4.26 to 5.32 (values slightly lower 
than in [1] because of  the addition of  
CaC12). In the precipitates, however, 
the ratio is calculated to 1.72, a value 
which is nearly 50% of  the annual 
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mean ratio determined by sedimenta- 
tion trap measurements in the lake. 
Although these experiments clearly 
prove coprecipitation of Sr with calcite, 
constant stoichiometric relations can- 
not be derived from the preliminary 
data as yet. Nevertheless, both field 
data and laboratory experiments show 
that coprecipitation is a significant sink 
of strontium in Lake Constance. The 
relevance of Ca and Sr sedimentation 
for the whole lake budgets of these ele- 
ments is presently under study. 
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Biotinylated DNA Probes: 
Sensitivity and Applications 
R. Neumann, P. Rudloff and H.J. Eggers 
Institut ffir Virologie der Universit/it, D-5000 K61n 

Radioisotopes such as 35S, 3H, 125I, 
32p are widely used in nucleic acid hy- 
bridization techniques. Yet they have 
serious limitations and disadvantages. 
The short functional half-life of 32p_ 
labeled DNA probes (14.3 days) is one 
of these restrictions. 3H-labeled probes 
sometimes require a long time until sig- 
nals can be recorded. The isotope tech- 
nique is expensive (cost of isotopes and 
technical equipment, time required, 
isotope disposal) and raises safety 
problems; therefore, it is undesirable to 
use the powerful new hybridization 
techniques (e.g., Southern- and North- 
ern blotting and in situ hybridization) 
extensively in clinical and diagnostic 
medicine. In medical virology, for ex- 
ample, it is explored whether the detec- 
tion of DNA sequences of human pa- 
pilloma viruses (HPV) in cervical 
smears may be of diagnostic and prog- 
nostic value for the recognition of de- 
velopment of cervical cancer [1] (see 
below). 
In 1981, Langer and coworkers [2] re- 
ported the synthesis of nucleotide tri- 
phosphate analogs of dUTP and UTP 
that contain biotin covalently attached 
to the C-5 position of the pyrimidine 
ring by an allylamine arm. The nucleo- 
tide derivatives can be incorporated 
into nucleic acids by DNA polymerase I 

and serve as targets for avidin or 
streptavidin which show a highly spe- 
cific and tenacious interaction to biotin 
(Kaiss=10-15). When a biotinylated 
enzyme is added to this complex, its 
location can be made visible by use of 
an appropriate substrate which is then 
converted to a colored molecule. 
We have tested biotin-labeled adenovi- 
rus Type 2 (Ad2) DNA probes in hy- 
bridization techniques mentioned be- 
low in order to evaluate the sensitivity 
of this nonradioactive labeling and de- 
tection system as compared to isotope- 
labeled DNA's.  Adenoviral DNA was 
isolated as described [3]. Preparation 
of dot and Southern blots as well as 
screening of bacterial colonies was 
done according to routine protocols 
[4]. 
For nick translation we used standard 
protocols [5] with one modification. In 
the case of incorporation of Bio-l l-  
dUTP higher incorporation rates were 
obtained using 20-50 gM of all tri- 
phosphates in the reaction. 
Hybridizations were done using 10% 
dextran sulfate [6]. We used up to 
400 ng of biotin-labeled DNA per ml 
of hybridization solution. Subse- 
quently, we followed published proto- 
cols [2]. 
The results using the nonradioactive 

DNA detection system with a biotiny- 
lated Ad2 probe and those obtained 
with a phosphorus-labeled probe (spe- 
cific activity 108 cpm/gg) are shown in 
Fig. 1. With both probes comparable 
sensitivities were recorded. 
Biotinylated probes can be used over 
a long period of time (though the inten- 
sity of the reaction may weaken 
slightly). In the case demonstrated, the 
time interval between the I st and the 
10th hybridization was 3 months. Sig- 
nals of biotinylated probes appeared 
much earlier than those labeled with 
32p. A limit of detection seems to be 
the use of 5 pg of homologous DNA 
(Fig. 1 a). 
The Southern blot hybridization tech- 
nique has become increasingly impor- 
tant in molecular biology, e.g., to de- 
tect genes coding for RNA sequences 
and protein sequences, respectively, 
and may become a routine technique 
in medicine [7]. Therefore, we explored 
whether the nonradioactive DNA de- 
tection system could be applied for 
such assays. The result of a blotting 
experiment is shown in Fig. 2. If  the 
amount of Ad2-DNA in the various 
restriction assays is low it is sometimes 
not possible to detect low-molecular- 
weight fragments (in the photograph as 
well as in the original filters). One ex- 
planation for this observation may be 
the small amount of DNA generated 
by restriction endonuclease enzymes: if 
50 pg Ad2-DNA are being restricted, 
pieces in the range of 5pg will ensue. 
Furthermore, one has to consider un- 
predictable transfer processes. Charged 
Nylon membranes such as Nytran 
seem to be preferable (see Fig. 2). 
Re-use of nitrocellulose membranes is 
limited by the fact that these filters be- 
come very brittle after repeated hybrid- 
izations. Thus, application of special 
types of Nylon membranes demon- 
strated by us should be considered. 
In all our experiments application of 
10% dextran sulfate in the hybridiza- 
tion mix increased the sensitivity of  the 
tests (data not shown). 
We also used biotinylated Ad2-DNA 
to screen bacterial colonies for plas- 
raids (e.g., pBR 322) containing Ad2- 
DNA fragments. The positive result ex- 
hibited in Fig. 3 was confirmed by hy- 
bridization with phosphorus-labeled 
DNA (data not shown). In another ap- 
plication we have been able to demon- 
strate that usage of phosphorus- and 
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