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Abstract—The study of the Laptev Sea was a part of a comprehensive program for investigating Arctic seas
during the cruise 63 of the R/V Akademik Mstislav Keldysh. On a transect along 130° E (September 8—14,
2015) from the estuary area of the Lena River on the traverse of the city of Tiksi to the continental slope (over
700 km), water samples were taken to study the hydrochemical structure of waters and the influence of the
Lena River flow. From the obtained data, it was found that the effect of fresh water on the sea surface layer
was very high and can be traced to a great distance from the river delta. An unconservative distribution of some
hydrochemical parameters in the mixing zone was recorded. The concentration of nutrients in the surface
layer, and a high turbidity can serve as limiting factors in the development of the phytoplankton community.
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INTRODUCTION

The large volume of continental runoff, harsh cli-
mate, free water exchange with the Arctic Ocean, and
year-round existing ice of a large part of the water
area influence the hydrochemical conditions of the
Laptev Sea. This primarily affects the spatiotemporal
variability of the hydrochemical characteristics. The
sea is distinguished by a large contrast and heterogene-
ity of the hydrochemical structure.

Lena River runoff definitely has a large effect on
the hydrochemical structure of the sea. According to
[14], the relative contribution of the Lena River to the
overall fresh continental runoff into the Arctic Ocean
is approximately 20% (525 km?/year). As a result, the
river flow, similarly to the Kara Sea, spreads over large
distances.

This research presents the main results of hydro-
chemical studies in the estuary area of the Lena River
in September 2015. The main objective of hydrochem-
ical investigations was to characterize the abiotic com-
ponent of ecosystems (dissolved oxygen, basic nutri-
ents, and inorganic carbon compounds) during bio-
logical studies.

MATERIALS AND METHODS

Hydrochemical investigations were carried out in
September 2015 (cruise 63 of the R/V Akademik
Mstislav  Keldysh). The transect was at 130°3" E
between 72° and 78° N. In total, 14 stations were set up
on the transect, with the use of bathometers in a
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Rosette cassette also equipped with a CTD probe
(temperature and salinity data provided by the head of
the hydrological team, Cand. Sci. (Phys.—Math.)
S.A. Shchuka). The layout of stations is shown in Fig. 1.

The hydrochemistry team carried out a wide range
of works to determine the main hydrochemical
parameters in water samples: dissolved oxygen, pH,
total alkalinity, and contents of mineral phosphorus,
total phosphorus, dissolved silica, nitrite nitrogen,
nitrate nitrogen, ammonia nitrogen, and total dis-
solved nitrogen. Using the pH and total alkalinity val-
ues, the team calculated the parameters of the carbon-
ate water system (total dissolved inorganic carbon, the
concentration of carbonate ion, and the content and
partial pressure of carbon dioxide) using the pH—Alk
method [13]. The dydrochemical parameters were
determined in the onboard laboratory using standard
methods adopted in Russian oceanology [4, 5].

RESULTS AND DISCUSSION

The hydrochemical structure of the waters depended
closely on the temperature distribution (Fig. 2). There
was a thin (less than 5 m) strongly desalinated layer
below 10 psu, and the temperature was 6—8°C at sta-
tions 5216—5219. In the surface layer between stations
5219 and 5220, a clearly visible boundary separated
this layer from waters with salinity higher than 18—
20 psu and a temperature of 2—4°C. The boundary
defined the area of direct influence of river flow,
located between stations 5224 and 5228 (24 psu isoha-
line). This area was over the edge of the shelf; the fron-
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Fig. 2. Distribution of temperature and salinity in transect.

tal zone, distinguished not only by the hydrophysical,
hydrochemical, and biological characteristics, was
adjacent to it. The presence of more saline waters was
recorded at station 5215_2; as a result, the desalinated
region was divided into two parts. This was due to the
intrusion of more saline waters or, more likely, to oro-
graphic upwelling of waters. The depth of the transition
layer of the hydrophysical parameters varied greatly
from station to station, but it generally it increased from
south to the north with the increasing influence of
marine waters from 3—4 to 15 m. In the bottom layer,
the salinity reached 30 psu at stations 5216—5219 and
33 psu at stations 5215 2—5225; deeper than the 20 m
horizon, the temperature was below 0°C. Exceptions
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were deep stations 5225—5227, where the temperature
of the layer from 140 m to 1 km was above 0°C, and in
the core of the water mass, the temperature was
+1.55°C (300 m horizon). At the deep stations after the
transition layer, the salinity distribution gradually
increased from 33.5 to 34.8 psu; in the core of the warm
water mass, salinity increased to 34.9 psu. Below, in the
bottom layer, the salinity was 34.94 psu. Such a water
structure in deep layers assumes the presence of waters
of Atlantic origin, flowing from the North Atlantic
through the Barents and Kara seas along the slope of the
continental shelf [10—12].

The influence of a river flow, to a greater or lesser
extent, reflects on the distribution of all hydrochemi-
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Fig. 3. Distribution of dissolved silicon in transect.

cal parameters, especially the total alkalinity (4/k) and
dissolved silicon values, which are a good tracer ele-
ments of river waters [7, 9].

In the study area, the dissolved silicon content
ranged from 2.2 to —66.6 UM (Fig. 3). The highest
concentrations of silicon (over 50 uM) were recorded
in the surface waters of the southern stations of tran-
sect close to the Lena River delta (stations 5216—
5219). Lower, in the transition layer of the hydrophys-
ical parameters, the silicon concentration decreased to
30 uM, and lower toward the bottom it decreased to
25 uM. With the increasing influence of marine waters,
the silicon concentration decreased along the entire
profile, and the structure of the vertical distribution of
silicon also varied. The silicon distribution acquires the
features of the mixing zone of river and marine waters:
the silicon maximum was on the surface; the subsur-
face layer was characterized by high gradients; the
layer with the silicon minimum was located lower; and
aslight increase in silicon concentrations was recorded
in the bottom. At station 5215 2, the silicon distribu-
tion had more uniform character, without well-
defined gradient layer; possibly, it was connected with
the rise of the bottom waters in this location of the
water area. In general, for dissolved silicon, the influ-
ence of the river flow is well traced in the surface layer
to station 5226. Stations 5225 and 5227 are both
marine because of the silicon concentration, which
did not exceed 10 uM throughout the water column.

The total alkalinity distribution in the transect was
similar to that observed in the same season (Septem-
ber) in 2011 [3]. According to the total alkalinity distri-
bution (Fig. 4), the influence of the river flow in sur-

face waters also was recorded at station 5226. The
quantity of total alkalinity in the transect ranged
from 1.0 to —2.4 mg-equiv/L. At stations 5216—5219,
where the influence of the river flow was the highest,
the total alkalinity value in surface waters was less
than 1.40 mg-equiv/L, and the minimum value of
1.07 mg-equiv/L was recorded at station 5216. At sta-
tions 5220—5226, the alkalinity value ranged from
1.60 to —2.00 mg-equiv/L, generally increasing from
south to north with decreasing influence of the river
flow. The vertical distribution of the A/k value was
violated in the area of station 5215 2, where a rise in
water was observed. The 1.80 mg-equiv/L isoline
approaches the surface here. At marine stations 5225
and 5227, the alkalinity value in the surface layer was
more than 2.00 mg-equiv/L; however, desalination
was recorded (continental runoff or melt water) in
the surface layer (salinities of 30.15 and 28.56 psu,
respectively). In the transition layer of hydrophysical
parameters, the total alkalinity value increased to
2.20 mg-equiv/L, then there was a slight increase in
Alk to the bottom.

It should be noted that the presence of a total alka-
linity maximum (2.43 mg-equiv/L) in the bottom
layer in the area of station 5221 coincided with the
maxima of ammonia nitrogen and total and mineral
phosphorus, and the minimum of the absolute and
relative oxygen contents (see below). The formation of
such a maximum is most likely related to massive sed-
imentation and decomposition of organic matter in
this area. Usually, the total alkalinity value is consid-
ered a quite conservative parameter that depends little
on biological processes. However, as a result of
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Fig. 4. Distribution of total alkalinity in transect.

decomposition of organic matter, the content of total
inorganic carbon increases and the influence of other
components of the total alkalinity are intensified, for
example, ammonia, which can lead to increased total
alkalinity.

The dissolved oxygen concentration in the transect
varied from 4.99 to 8.04 mL/L with a minimum in the
bottom layers of the river part of the study area. Oxy-
gen saturation of the water, observed on the entire
transect, did not rise above 97% (Fig. 5). Thus, even
on the surface, the oxygen concentration did not reach
equilibrium with the oxygen concentration in the
atmosphere. In the bottom layers at the beginning of
the transect (stations 5116—5219), where saline marine
waters penetrate, the percentage of oxygen falls to
64%; it can be concluded that in the studied transect,
oxidation of organic matter prevails over production.
In view of the large amount of suspension that was
removed with continental runoff and prevented pene-
tration of sunlight into the upper active layer of the sea,
such an oxygen distribution was not unusual and it was
observed in the same season on other expeditions [6].

The pH distribution has features in common with
the dissolved oxygen distribution: minimum values
were observed in the bottom layer at stations closest
to the delta (7.32 at station 5216); under the influ-
ence of marine water, the pH value increased on
average to 7.9 NBS units.

Except for silicon, the contents of other nutrients
were low. A distinctive feature of the distribution of
mineral phosphorus and nitrate nitrogen was an
increase in the content of these parameters in the bot-
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tom horizons, in the area of influence of continental
runoff (stations 5216—5222). The content of mineral
phosphorus in the transect varied from 0.07 to 1.22 uM
(Fig. 6). In the surface layer, its content ranged from
0.09 to —0.16 UM, and it limited phytoplankton devel-
opment. It should be noted that the presence of an
intermediate maximum of mineral phosphorus at
depths of 500—1000 m may be associated with the pres-
ence of Atlantic waters [10—12].

The distribution of total dissolved phosphorus in
the transect is similar to the distribution of mineral
phosphorus: in the surface layer, the maximum was in
the bottom horizons in the zone of influence of river
flow, the intermediate maximum was at depths of
500—1000 m, the maximum was in deep stations, and
there was a slight increase to the bottom. Its content
was 0.18—1.7 uM. In both parts of the river plume
(south and north of the intrusion of more saline
waters), relatively high values of organic phosphorus
(calculated as the difference between total and mineral
phosphorus) were recorded, and the concentration at
almost all stations was 1.5—2 times higher than the
mineral concentration. In the surface waters at deep
stations, such differences were not observed. The min-
eral phosphorus values were close to the total phos-
phorus values at all horizons; at station 5215_2, it was
typical of the bottom water in the transect.

The nitrate nitrogen content ranged from 0.14
to 17.33 uM (Fig. 7). The maximum content of
nitrates (5.2 uM) was observed in the surface layer at
station 5215 2. Also, a high nitrate nitrogen content
was observed at stations subjected to the strongest
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Fig. 5. Water saturation with oxygen in transect.
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Fig. 6. Distribution of mineral phosphorus in transect.

influence of river runoff (stations 5216—5219), where
it was 2.6—4.2 uM. Outside this zone (north of sta-
tion 5215 2), the nitrate concentration ranged from
0.15 to —2.3 uM; it was lower than the limiting values
for the development of phytoplankton communities.

Ammonium nitrogen characterized the oxidation
of organic matter, since it was the first in the chain of

oxidation of organic nitrogen to mineral nitrogen. The
maximum concentration of ammonium nitrogen was
found in the bottom layer at station 5216 and reached
2.15 uM (Fig. 8). The second maximum, as men-
tioned above, was observed in the bottom layer at sta-
tions 5221—5222. Another local maximum occurred
in the selected frontal area, above the edge of the shelf
at station 5226 (1.83 uM).

2017
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Fig. 7. Distribution of nitrate nitrogen in transect.
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Data analysis confirms the hypothesis that the
increased contents of ammonium and nitrate nitrogen
(especially in the bottom layer) were associated with
the oxidation and decomposition of dead organic mat-
ter, not with removal of these elements directly from
the river flow.

OCEANOLOGY Vol.57 No.1 2017

The nitrite nitrogen concentration o the entire
transect was close to analytical zero; the maximum
was 1.1 uM at the 4 m horizon of station 5218 and was
most likely related to the oxidation of rapidly decaying
organic matter carried from the Bykovskaya channel of
the Lena River delta.
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The maximum total nitrogen values were recorded
in the bottom layer closest to stations 5216—5218 of the
Lena River delta. Here, the concentration reached
100 uM; it was higher than that observed for the mix-
ing zones in Ob’ and Yenisei bays [1, 2] in September.
The surface layer maximum at 5212 2 station con-
firms the assumption that bottom waters rise here.

CONCLUSIONS

Data obtained as a result of field studies in Septem-
ber 2015 made it possible to assess the impact of con-
tinental runoff of the Lena River on the hydrochemi-
cal structure of shelf waters and the continental slope
of the Laptev Sea.

Calm weather during the works contributed to the
conservation of the highly stratified water structure
formed during active removal of continental waters
during the flood, as well as additional desalination by
melt waters.

The upper active layer of the sea was undersatu-
rated with oxygen; this may be due to the high turbid-
ity of incoming inland waters and the beginning of oxi-
dation of riverine organic matter. The content of nutri-
ents, except for silicon, was low in the upper active
layer. The content of mineral phosphorus and nitrate
nitrogen was below the level limiting photosynthesis.

The accumulation of nutrients (mineral phosphorus
and nitrate nitrogen), which are the limiting elements of
phytoplankton growth in the study area, occurred
largely owing to the decomposition of organic matter in
deep-sea waters below the photosynthesis layer (recy-
cling of nutrients), not the removal of river waters.

At the deepest stations in the 300—1000 m layer, we
recorded a local increase in mineral phosphorus asso-
ciated with movement of waters of Atlantic origin
along the slope to the east. It was confirmed by a tem-
perature above 0°C in this layer.

We should mention an “anomalous” distribution
of most hydrochemical parameters at station 5215 2,
which was the division between the two parts of the
Lena plume. Thus, there are increased total and
nitrate nitrogen contents, low ammonium nitrogen
values, and higher total alkalinity values in the surface
layer compared with other transect stations. This dis-
tribution of nutrients was due to the rise of bottom
water observed at this station.
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