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1. INTRODUCTION

The Baltic Entrance Project started in 1974 and ended
in 1977. During this period of time a section of 10 stations
Goteborg - Frederikshavn (Fig. 1) was surveyed 75 times,
mostly by the rescue vessel "Ulla Rinman™, but a few times by
the research vessels "Argos** and "Thetis'. Automatically
recording Aanderaa current meters were also used (Moller 1981)
and the daily measurements at the lightvessel "Las0" were
supplemented with total phosphorus determinations (LOOF 1979).

Lo6F and Thorstensson (1980) have described the section
work methods and equipment as well as the quality of measure-
ments expect for the pendulum current determinations, which
will be taken up by Moller (l.c.). Lo6fF (l.c.) also compared
Light Vessel (L/V) measurements with section data mostly in
relation to sampling frequency.

One of the main purposes of the project was to determine
the transport of phosphorus and nitrogen through the section.
Total mean transport values have been presented by Szaron
(1979).

Svansson (1975), Thorstensson (1978) and others have
described features of the northern Kattegat hydrography.
From current measurements made during one hundred years at
light vessels we know that as an average the surface layer is
moving towards the Skagerrak. Deeper down measurements made
in this project have shown that there is a counter-current in
the eastern part of the section. In the western part of the
section, however, there seems to be a counter clockwise



circulation from surface to bottom round the island of LMs0O
(Szaron 1.c.). As the water is flowing northward near Denmark,
such a circulation implies two flows in the channel between
Las6 and the Danish Mainland, one northwards and one south-
wards.

2. REVIEW OF THE TOTAL MEANS 1975-1977, AS WELL AS MEANS OF
THE INDIVIDUAL YEARS 1975, 1976 AND 1977.

2.1. TEMPERATURE

The total mean values of temperature, based on the
measurements made 1975-1977 (Fig. 2), range between 8.1°C
and 8.9°G in the surface layer above 20 m depth. The tempera-
ture at station GF 4 were for the individual years at the
surface 9.09°, 7.21° and 9.45 °C and at 70 m 7.04°, 6.28° and
6.98°C respectively. The 1976 annual mean value at both these

depths was lower than the 1975 and 1977 ones.

Comparison was made with mean values calculated from
daily measurements of temperature at the light-vessel Liso6
(see also Loof 1979), These means were at the surface 10.1°,
9.0° and 9.2°C for the three consecutive years respectively.

2.2. SALINITY

Fig. 3 shows the 1975-1977 means. The 1isohalines are
inclined with salinities increasing towards Denmark at every
depth. The surface salinity increases from 21.2 to 25.5 % S.

The salinities at depths beneath 10 m were in 1976 higher
than the 1975 and 1977 ones. At 70 m the GF 4 salinity was
in 1976 34.79 £, but only 34.56 in 1975 and 34.53 in 1977.
Below 20 m depth the changes were smaller than in the surface
layer. The vertical salinity gradient is usually largest at
10 m depth.

In the upper 10 meters there was a continuous salinity
increase during the three years. The values at GF 4, 0 m,
were 21.89, 22.16 and 22.52 % S for the three years respecti-
vely. At the western-most station the increase from 1975 to

1977 was almost 3



There was also an increase of the surface salinity at
the light-vessel Las6é from 23.3 % in 1975 to 24.3 % in 1977
(L66F 1979). But from 20 m depth downwards the highest mean
values of salinity were found in 1976. At Born6 Station this
increase trend is found at all depths. At all the three sta-
tions, GF 4, La&s6 and Bornd the 1975 salinities were lower
than the 1976 and 1977 ones.

2.3. DENSITY (AS SIGMA-t)

IT density is expressed in kg/m” then Sigma-t is density

minus 1000. The mean values 1975-1977 (Fig. 4) show variations
between 16 and 27 units of Sigma-t. Density increases from
east to west in the same manner as salinity.

2.4. OXYGEN

Fig. 5 shows the 1975-1977 mean values of oxygen concentra-
tion expressed in ml/1 (Multiplication by 1.43 gives results
in mg/1). The values show an observable decline from the years
1975 and 1976 to 1977. GF 4 concentrations were for the three
years at the surface 7.62, 7.70 and 7.28 ml/1 and at 70 m
6.11, 6.12 and 5.82 ml/1 respectively.A slight oxygen increase
was observed in the 1975-1977 means from the Danish to the
Swedish coast, e.g. from 7.34 to 7.61 ml/1 . Low values
at the Danish side will be discussed in Ch. 2.10.

In order to calculate oxygen saturation, temperature and
salinity have to be used iIn addition to the concentration
values. For 1975-1977 the lowest annual mean value of oxygen
saturation (Fig. 6) was 88 % at 70 m at GF 4. At the observation
position Fladen (N 57°11.5", E 11°40%) 86 % at 70 m in 1975
and 78 % in 1977 were found. At the surface the mean satura-
tion was 105 %» The oxygen saturation also decreased slightly
from 1975 to 1977 in the same manner as the oxygen content.

A horisontal study shows that there was a small 1increase
to the east. An exception of this iIs station 3 from 15-20 m
and further down. This seems to be an area with less good
water exchange conditions.



2.5. TOTAL PHOSPHORUS

From the annual mean values, 1975-1977 (Fig. 7) it can
be seen that the concentrations of total phosphorus were about
the same from surface down to 20 m, 0.65 jigat/l. Further down
there was a continuous rise to about ! |igat/l. Outside Gote-
borg and more pronounced off Frederikshavn, also an increase
was found. The surface water outside Goteborg had a higher
concentration of phosphorus than the more saline water at
5 m depth. This can be explained by the transport by nan-saline
water from the GOota River. The input from the Gota River 1is
about 1 200 ton P / year (ICES 1976). Minima were found at
GF 4 and GF 5.

The values of total phosphorus from the discrete years
were higher in 1975 and lower in 1976 than the total means
for 1975-1977. The high mid-depth and bottom water values at
the Danish side will be discussed in Ch. 2.10. A comparison
between measurements at GF 6 and the light-vessel Las6 shows
small differences, smaller that 0.05 ngat/l1, (LOOF 1979).

2.6. PHOSPHATE

The concentration of phosphate in 1975-1977 (Fig. 8)
ranged from 0.20 ngat/l1 at the surface to 0.6 - 0.8 ugat/1
near bottom, except far the two stations outside GoOteborg,
where the amount of phosphate at the bottom was smaller,
e.g. 0.4 ngat/1.

Also phosphate was similarily to total phosphorus
higher in 1975 than in the two other years, especially in
the surface layer dawn to 20 m depth.

2.7. TOTAL NITROGEN

The mean values at the different depths from the three
individual years did not differ much from each other. The mean
values for 1975-1977 (Fig. 9) varied between 13 ngat/l1 and
18 fxgat/1.



The Tot-N levels mas in contrast to phosphorus highest
in 1977. High concentrations were found near the coast with
the maximum value at the surface outside Goteborg.

2.8. NITRATE

Fig. 10 shows 1976-1977 means only as these analyses
were not made on a regular basis until 1976. The NG™ values
down to 20 m were lower in 1976 than in 1977, but at 30 m
depth and downwards opposite conditions were found.

The mean values range from 1.5 ngat/l1 to 6.5 ngat/l.
Outside GoOteborg the surface values were somewhat higher
than at other stations.

2.9. NITRITE

Analysis of nitrite was not made on a regular basis until
1976. Fig. 11 shows the 1976-1977 means. A distinct higher
level is apparent in 1977 in comparison with the preceding
year. This was also the case with Tot-N and NO” (0-20 m parti-
cularily), though the differences were not of the same mag-
nitude. The 1977 nitrite values at the surface were three
times higher than those in 1976, 0.15 and 0.05 ngat/l1 res-
pectively. At some depths the concentration was as high as
0.46 ugat/l.

2.10 AMMONIA

Measurements of ammonia started on a regular basis first
in 1976. This parameter generally shows large variations.
Ammonia values were like total nitrogen, nitrate (0-20 m depth)
and nitrite higher in 1977 than in 1976. Almost all of the 1977
values are at least twice as high as those in 1976, the highest
1977 value being 1.8 ngat/l1. The layer 0-10 m had ammonia con-
centrations between 0.7 and 0.0 ngat/1.



It is apparent from the mean values in 1976-1977 (Fig. 12)
that the two stations close to Frederikshavn have high mid-
depth concentrations of NH*. There are similar trends in the
distribution of the other nutrients and Tot-P, but also iIn
salinity and density (Fig:s 3 and 4) which points at a hydro-
dynamical explanation. Alternatively runoff from agricultural
fertilization may be responsible for the extreme values.

2.11. TOTAL ORGANIC CARBON (TOC)

There were only small variations between the different
years of measurement. The total mean values 1975-1977 (Fig. 13)
ranged between 3.5 mg C/1 at the surface and 1.6 C/1 near bottom.
The highest concentration was found outside Goteboeg. The iso-
line for 2 mg C/1 is found at 15-20 m depths.

2.12. CURRENT MEASURED BY PENDULUM DEV/ICES. (Haamer 1973)

Figures 14 and 15 show the 1975-1977 means in simplified
form. Most apparent is the great westerly component (Fig. 15).
Only at few positions there were currents flowing straight
perpendicular to the section (small y-component) i.e. out of
or into the Baltic.

The three years are rather similar in respect of currents.
But a more detailed study reveals some differences. The most
apparent ones were found at GF 4 and GF 5. The 1976 directions
differed somewhat from the 1975 and 1977 ones. At GF 5 the
directions at 10, 15, 20 and 30 m were in 1976 almost towards
south instead of to WSLi as in the mean. At GF 4 some depths
show more easterly flowing currents than westerly ones.

Total means of these currents for 1975-1977 as well as of
current multiplied by chemical parameter concentrations have
been worked by Szaron (1979).



3. QUARTERLY MEANS
3.1. CALENDAR OR SEASONAL QUARTERS

As the GF data are too few to allow a subdivision into
a monthly means discussion, a division of four equal parts
of the year was chosen instead. As the seasons winter, spring,
summer and autumn are defined by means of air temperature
limits, different at different places,see e.g. Angstrom (1946),
it Is more convenient to divide the year into four equal
parts. Quarter | of the Calendar Year comprises January-March
etc. In order to adjust the subdivision more iInto oceano-
graphic" seasons it might be better to choose Quarter A as
December-February, Quarter 8 March-May etc.

Quarterly means according to both principles, | - IV and
A - D were computed. For temperature it is evident that the
extremes, 1.e. quarters with the highest and the lowest
temperatures are found in system | - IV which thereby 1is a
better subdivision system for temperature than system A - D.

As far as phosphate 1s concerned the differences between
the two systems are small. During Quarter 11l (which corresponds
to Quarter C), the concentrations are lowest, and isolines in
both systems follow each other closely. There is, however,
a distinct difference for the surface layer concentrations
during the first Quarter, when the P-values are highest.
In December-February the values are 2 tenths higher than in
January-March.

In the case of nitrate there is the same situation as for
phosphate. The highest value in the first quarter is achieved
with system A - D. In the third quarter there is almost the
same lowest level iIn both systems.

Looking at the oxygen diagram for different quarters we
find that there is no significant difference between the two
divisions of quarters. There also iIs no reason to choose
between the systems as regards ammonia. A quite different
kind of parameter, salinity, also did not show any significant
difference between the two divisions of quarters.



Due to the rather small differences between systems | -1V
and A - D, the former one was for pratical reasons chosen In
the following discussion. Fig:s 16-20 concern station GF 4
but there are however no principal differences between the
various parts of the GF section.

3.2. TEMPERATURE

In Quarter | there was a continuous increase from 1 °C
in the surface to 6 °C at the deepest point of measurement,
80 m. In the horizontal dimension there was an iIncrease from
east to west of about one degree.

Quarter Il shows in contrast to Quarter | a decline of
2.5 °C from surface to bottom, where the temperature still
was 6 °C.

The largest surface-bottom differences, 9.5 °C, was found
in Quarter 111, July to September, when the surface had a
temperature of 17 °C and the bottom, 70 m, 7.5 °C. Opposite
to Quarter | conditions there was a decline from east to west.

The mast homogeneous cross section was developed in
Quarter 1V. Here we found the overall highest temperatures,
at bottom, almost 9 °C. There was a cooling going on, starting
at the surface and moving downwards. At 0 m the temperature
was almost 9 °C, while maximum 10.5 - 11 °C was found at
20 m depth.

3.3. SALINITY (FIG. 20)

Quarters | and Il are similar to each other with generally
the lowest quarterly values of the year at 0 and 5 m depths
and the highest at 15 m depth and downwards. This means that
during the first half of the year the largest change in sali-
nity from surface to bottom was found e.g.13.6 % at GF 4,
where the increase in Quarter | ranged from 21.1 % to 34.7 If.
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The horizontal change was the same during the whale year
independant of the salinity level. That means that the salinity
increased from GOoteborg to Frederikshavn was between 4 and 5 %.
In all the quarters there was an area of varying size (GF 4
and GF 5 at 50 m depth always included), with salinity dimi-
nishing towards the west, opposite to the general trend. The
largest area of irregularity of this kind occured in Quarter 11,
which was valid also at GF 3 and GF 6 in the layer 10-50 m.

In Quarter 1V there were maximum salinities at the surface.
At GF 4 the value was 24.8 % S.

3.4 DENSITY (AS SIGMA-t)

The lowest densities were found in Quarter 11l at 0 m
and 5 m depth, due to the high temperatures here in July and
August. At GF 4 sigma-t was as low as 15.6 units at the surface.

The highest surface densities occurred in Quarter 1V, as
expected when the salinity is high arid the temperature low.
The overall highest density, 27.4 sigma-t units, was Tfound in
the Deep Trench (GF 4).

Density showed the same horizontal variations as salinity
with higher values at the more westerly stations with almost
the same exceptions in Quarters I, 1l and IIl at GF 4 and
GF 5, 40 m.

3.5 OXYGEN (FIG. 16)

In Quarter | the highest values of oxygen concentration
from surface to bottom were found. The surface at GF 4 had
an oxygen content of 8.8 ml/1 and the bottom water had 6.7 ml/1.
These high values can be explained through the low temperature
of the water, because cold water can dissolve more gas than
warmer water. Probably there also is no oxygen consumption
due to plankton decay.

The worst conditions with respect to oxygen occur from
July to September. At station 4 there was a content of 6.2 mi/1
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at the surface and the concentrations decreased to 5.2 ml/1
in the bottom layer. This is the only Quarter when uie found
values smaller than 5.5 ml/1, actually up to 30 m depth. In
this quarter also the highest temperatures were found.

The first half of the year had an oxygen saturation that
was very satisfactory. For Station 4 in Quarter | the saturation
was 104 % at O m and still 96 % at 70 m. From Quarter | to
Quarter 1l there was a change because of the beginning primary
production. The values down to 40 m increased, but further
down there was a weak decrease. This decrease became marked

in Quarter 111 apparently due to decay of sinking organic ma-
terial. There we find saturation values of 78 % at 70 m at
GF 4.

In Quarter 111 there was a tendency for higher saturation

values at more easterly stations. For example, at 30 m depth,
there was a 80 % saturation at GF 8 and 91 % at GF 5. Also
here the worst conditions at bottom of GF 3 were found (See
Ch. 2.4.).

3.6 TOTAL PHOSPHORUS (FIG. 17).

Quarter | shows less difference between surface and bottom
water than the other quarters. Most depths have values between
0.8 and 0.9 ngat/1, 1i.e. almost homogeneity with high concentra-
tions which moreover occur all over the section. Hardly any
phosphorus is bound in the plankton. The main part of the
depths had lower concentrations in Quarter 1l. The values of
the upper 20 meters diminished further in Quarter 111, whereas
the minimum levels, 0.4 - 0.6 ixgat/l1, were found in Quarter 1l
and Ill. Hereafter phosphorus recirculates to the water after
plankton degradation and in the last quarter of the year the
concentrations were rising. The values from 60 m and downwards
showed a maximum in Quarters I1II-1V. The decrease from 1V to
| is probably due to mixing with water of lower concentration.
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3.7 PHUSPHATE (FIG. 18)

From Quarter | with a surface concentration of 0.45 pgat/1
there was a quick decrease to lower values. This change can
be traced to a depth of 50 m in Quarters Il - I1l1l. The upper
5 meters had a concentration of only 0.1 ngat/l1. In the third
quarter this limit went down to 15-20 m. At the end of the
year there was a rise at all levels. At depths of 70-80 m at
GF 4 phosphate varied in a similar way as total phosphorus.

3.8 TOTAL NITROGEN (FIG. 17)

The concentration of total nitrogen shows small differences
between the four quarters. The problem is to decide whether
the variations are significant or not (L66Ff and Thorstensson
1979).

The maximum concentrations were found from January to
March as expected, the most frequent values being 16-17 ugat/1.
In Quarter 111 the level was 12-13 ugat/l over the whole
section. These values are the lowest ones during the year.

The most homogeneous conditions were met in Quarter 1V with
14 ngat/1 being the most frequent concentration.

3.9 MITRATE (FIG. 18)

From the first quarter with maximum concentrations of
4.1 pgat/1l at the surface and 7.2 ngat/l1 at 70 m at GF 4,
the values down to 20 m decreased due to reduction during the
next two quarters. From July to September the nitrate con-
centration at GF 4, 20 m, was only 0.2 ngat/l1. The decrease
was, however, noticeable even at 70 m depth. Later in the
autumn iIn Quarter 1V, there was a quick rise to iIncreased but
not maximum concentrations. Opposite to phosphate, NOM was at
its minimum in Quarter 11l also at great depths, e.g. 70 m
at GF 4.
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3.10 NITRITE (FIG. 19)

Nitrite shows the same main variation as nitrate. At
Station 4 in Quarter 11l there were minimum values of 0.05
ngat/1 down to 20 m. Hereafter a quick rise accured, so that
in Quarter IV we can find the highest value for GF 4 at 30 m,
1.e. 0.55 ngat/1. For Quarters 1V and | the maximum did not
occur near bottom but 10 meters above bottom. Hagstrom et al.
(1976) found NOM-*values of about this magnitude in the Nor-
wegian coastal current (also along BohuslSn) in October 1975.

3.11 AMMONIA (FIG. 19)

This parameter may show irregularities from one measure-
ment to another indépendant of the season. At GF 4 there were
high concentrations, 1! ngat/l1, from 30 m and downwards in
Quarters I11+1V. For Quarter 1V the same conditions were found
at 0, 10 and 20 m depth. It is to be noted that in Quarter |
we had the low concentrations from 30 m and downwards while
the maximum in this season was found at 10-20 ra.

Looking at the 30 m values at GF 8, it is iInteresting to
notice that, when we find the minimum nitrate concentrations,
(in Quarter 111), there i1s a maximum in the ammonia values.

3.12 TOTAL ORGANIC CARBON

Like total nitrogen this parameter showed small variations
between the four seasons. There seems to be a minimum in
Quarter 1l with concentrations of 1.5 - 2.0 mg C/1.

Quarters | and 111 were similar. For both of them most
depths had values from 2.0 to 3.0 mg/l. At all stations the
level was diminishing from surface to bottom water during
the whole vyear.

3.13 CURRENT MEASURED BY PENDULUM DEVICE

During spring, April - June, the currents were weakest,
probably because this period commonly is a period with weak
winds.
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At the stations off GoOteborg, however, the currents were
weakest iIn Quarter 1V.

In Quarter Il the current direction at most depths at GF 5
was strongly towards east instead of pointing to the west
as In the other seasons. The currents at GF 4 had surprisingly
different directions in summer and winter. The current was
flawing Inwards to the Baltic from October to March at all
depths (except at 0 m in Quarter 1V). In April the current
was northgoing at the surface as well as from 40 m and down-
wards. In July (Quarter 111) all depths had northflowing
current.

Looking specially at the x-component (Fig. 20 for GF 4)
we find that during Quarters 1V and I, there were partly
strong currents coming from the north all over the Station 4
and at about half of the depths at GF 5 as well as at GF S.
In spring and summer these strong currents were absent and the
area of iIngoing water diminished. One exception in Quarter 111
was the strong currents at the surface at GF 8.

Outside the Danish coast, at Stations 10 and 9, there
were all the time very strong (10 - 20 cm/s) outgoing (i.e.
flowing northwards) currents at 2.5 m and 5 m depths. In all
quarters except Quarter 1l the currents to the north at GF 6
and GF 7 were strong (6 - 15 cm/s) down to 10 - 20 m. More-
over in Quarter IIl there was an eastern area of outgoing
water at GF 3 and GF 4 with strong (more than 10 cm/s) currents
from surface to 10 m and at 60 m. In Quarter Il these currents
had not been developed except at 2.5 m and 5 m depth at GF 3.
The currents were strongest from January to March and weakest
from April to June.

4. TIME DEVELOPMENT AT STATION 4

4.1. TEMPERATURE, AUGUST 1974 - DECEMBER 1977 (FIG. 21
FOR 10 m DEPTH VALUES).

The temperature minimum at all depths occurred each year
at the end of February and the beginning of March. By then the
surface had temperatures of 2.5 °C, 0 °C and -1 °C in 1975,



15

1976 and 1977 respectively. The corresponding values at 70 m
depth were 6.5, 5.5 and 4.5 °C. In April the temperatures at
the different depths came closer to each other. In May a ther-
mocline usually developes in the Kattegat. After a period

with almost isothermal water the temperature of the upper layer
begins to rise fast and reaches a maximum of 19 - 19.5 °C in
July. The time for maximum temperature comes later with iIncrea-
sing depth and in the bottom water at GF 4 this extreme 1is
reached in October-November.

4.2 SALINITY, AUGUST 1974 - DECEMBER 1977

In the salinity distribution three layers can be distin-
guished. The first one is the layer down to 10-15 m, which is
characterized by very great changes. Below this one there 1is
another layer down to 30-40 m with less than half the varia-
tion of the fTirst one. From 50 m and downwards the salinity
changes are within a very narrow range.

In the upper layer the highest salinities, 28-31 $, occur-
red in December or January. Also in September or October there
can sometimes be short periods with high saline water in the
surface layer. - Salinity minimum, 16 in the surface layer
occurred in 1975 in March, in 1976 in February and in 1977
in both May and August. During these periods the bottom water
salinity usually reached its highest value. - Each year in
April or May there was a decrease iIn salinity that can be
distinguished at all depths starting from the bottom layers.

4.3 DENSITY, AUGUST 1974 - DECEMBER 1977

The strongest density variations were found above 20 m
depth. At the surface the density may within two months change
from 25 to 13 sigma-t units. The most homogeneous periods
were each year found more or less pronounced at the end of
the year. In December 1975 this was particularly the case,
when the surface water had a sigma-t of 25 units and the water
at 70 m depth had a slightly higher value. A similar tendency
can be found at the end of September or the beginning of
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October, when the density at 70 m depth often decreases
simultaneously with a surface density iIncrease. - In some
periods during February - October there were low densities
at surface. This fact is partly due to higher temperatures,
partly to less saline water.

4_4 OXYGEN SATURATION, AUGUST 1974 - DECEMBER 1977, (FIG. 22)

The surface water is unsaturated with respect to oxygen
only in the middle of the winter and then only a few percent
below 100 %. The period of primary production as estimated
from nutrient data, started in 1975 and 1976 iIn the middle of
February and in 1977 at the end of the same month. Remarkable
is the fact that the surface water remains at its minimum
temperature, 2.5 °C, until the middle of March in both 1975
and 1976. Thus the increase of primary production is not due
to an temperature iIncrease but more likely to a solar radia-

tion iIncrease.

Oxygen values exceeding 110 % saturation were not found in
1976. Instead there was an unusual iIncrease to 105 % in Novem-
ber, probably connected with an autumn primary production.

The bottom water (70 m) had its minimum oxygen saturation
at the beginning of August in 1975 (71 %) and in September
both in 1976 (76 %) and in 1977 (64 %).

At 70 m depth the water never seems to be saturated, the
highest percentages being mostly 95-98 % (December - May).
The decrease in June 1is very uniform in all three years.

4.5 TOTAL PHOSPHORUS, AUGUST 1974 - DECEMBER 1977, (FI1G. 23)

The variation of the total phosphorus shows only a slight
difference from year to year. During February-March there is
a sudden 50 % reduction from 1 to 0.5 ngat/1. A minimum
occurs in June or July, about 0.3 ugat/l. The total phos-
phorus concentrations at 70 m varied between 0.8 and 1.1 (igat/l.
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4.6 PHOSPHATE AUGUST 1975 - DECEMBER 1977 (FIG. 24)

The decrease of phosphate iIn the surface water started in
the middle or the end of February from a value of about 0.6
pgat/1 and continued fast to less than 0.05 jj.gat/1 in the
later part of March. It remained beneath 0.1 ngat/l1 until
the beginning of August.

For all three years there was a more or less pronounced
maximum in October. Threafter the concentrations for a short
period again decreased to values below 0.1 ugat/l followed
by a rise to the winter level in December. At 70 m the phos-
phate concentrations varied between 0.6 and 0.9 ngat/l1. But
even here, there were observable decreases during spring and
autumn in all three years.

4.7 TOTAL NITROGEN, SEPTEMBER 1974 - DECEMBER 1977 (FI1G. 25)

The total nitrogen concentrations at the individual depths
followed each other rather well with some exceptions. In
1975 there were large variations, the difference at the surface
between minimum in April (8 ngat/l1) and maximum in July
(25 ngat/1) being 13 ngat/l1. The level of the nitrogen content
was lower in 1976 than in 1977. Especially during May and
June 1976 there were very low concentrations with a minimum
of 5 ngat/l1. Both these years, 1976 and 1977, had their highest
level in February, 17 and 24 ugat/l, respectively.

4.8 NITRATE, FEBRUARY 1976 - DECEMBER 1977

From the middle or the end of February the nitrate values
ranged from 5-6 |igat/l to 0.2 txgat/l or less in March (1976)
and in May (1977). This low level was held until the beginning
of October. The maximum winter concentrations were found 1in
December.

In July there was a minimum at 70 m of 2-3 p.gat/l1. In
1977 another minimum came in November. The winter level was
6 ngat/1. At 20 m depth we had low concentrations in July
corresponding to those in March in the surface water. The
increase, however, started at the same time in the beginning

of October.
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4.9 NITRITE, FEBRUARY 1976 - DECEMBER 1977

The surface water had a rather law nitrite concentration,
less than D.1 ngat/1, from March to October. The winter level
was 0.4 - 0.5 wgat/l1l. As a contrast there was at 70 m the
lowest values, 0.1 Jigat/l, during wintertime, November-January.
During the rest of the year the nitrite concentration was at
the higher level of 0.4 - 0.5 pgat/l.

4.10 AMMONIA, FEBRUARY 1976 - DECEMBER 1977

There was a decrease in the surface water with regard to
ammonia during March from values of 1 iigat/l to 0.25 "igat/1
(1976) or to 0.5 ngat/1 (1977). The iIncrease after the summer
period started in September. The level of 70 m showed almost
the opposite variation. During summer the largest part of the
values varied between 1.5 and 3.0 ngat/l1. Regarding winter and
spring we usually had an average value of 0.5 ngat/l.

5. CONCLUSIONS

This paper contains total, annual and quarterly means of
parameters measured at the Goteborg - Frederikshavn section
in the period 1975 -1977 (some nitrogen compounds only 1976 -
1977). Here and there in the text are inserted hints of expla-
nation of certain features and trends. But it has not been
the purpose in this paper to dig deeper iInto e.g. the nitrogen
cycle, N/P ratio, the autumn oxygen minimum etc. Recently
Aertebjerg (1980) showed results from the Danish Belt Project.
A comparison between the two sets of data will probably be

made iIn a near Tfuture.
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