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Summary

Hydrochemical studies of watercourses and the water area of Blagopoluchia bay (Novaya Zemlya, Arctic,
Russia) have been carried out. The concentrations of nutrients in rivers and streams are higher than those in
the water area of Blagopoluchia bay. It is shown that the concentration of silicon in constantly flowing rivers is
1-13 uM, the concentration of NO, — 0.5-8, for small and temporary streams these values are higher and are
in the range of 1846 pM Si, 1-11 uM NO; . The influence of streams and rivers flowing into Blagopoluchia
Bay on the water area of the bay is local and extends to 1 km from the mouth, and does not influence the Kara
Sea nutrient content.
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INTRODUCTION

According to the Arctic Monitoring and Assessment Programme report [1], the rise
in the average sea and land surface temperatures in the Arctic was 3 times higher than
in any other region of the Earth. Currently, the frequency of events associated with
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the exchange of water and ice at the sea-land interface has increased in the Arctic, for
example, the intensity of the melting of the Greenland ice sheet has increased [2].

From 1971 to 2019, the annual temperature increase in the surface layer averaged
3.1 °C in the Arctic, and for the northern part of Novaya Zemlya and the northern part
of the Barents Sea, the value is 10.6 °C [1]. The retreat of marine-type glaciers in the
Novaya Zemlya archipelago has increased in the last 20 years. From the end of the 20th
to the beginning of the 21st century the area of glaciers on Novaya Zemlya decreased by
1,000 km?, and the volume of ice mass by 380 km? [3, 4]. Icelandic researchers have shown
that with an increase in the average annual temperature by 1 °C, the intensity of mechanical
weathering of rocks affected by the flow of glacial rivers increases from 8 to 30 %, thus
suggesting a significant relationship between rock weathering and climate change [5].

In terms of the connection between rivers and aquatic ecosystems, the water areas
near the Greenland Ice Sheet are the best studied. For example, the transport of nitrates
through snow and ice to the ocean is being studied. The source of nitrates, according to
the authors, is microbiological processes occurring on the surface of the ice sheet. For
the Kargenvagge tract in northern Sweden (Swedish Lapland) it was shown that crystalline
schists can be a source of inorganic forms of nitrogen [6].

In addition, it was possible to identify changes in the silicon cycle in the Arctic
ecosystem of the Greenland Ice Sheet; subglacial weathering processes are of great
importance as a source of silicon for the ecosystem. [7] and [8] explore the lakes of
the Greenland Ice Sheet with different nutrition (snow or glacier). Lakes differ both in
nutrient content and in turbidity. All the factors presented affect the species composition
of the hydrobionts inhabiting these lakes.

The phenomenon of connection between glaciers, small rivers and the sea for
the Russian Arctic has not been studied at all. For many years, certain regions of the Arctic
were inaccessible for research. The research program “Ecosystems of the Russian Arctic”
ran for 13 years from 2007 to 2018. For the first time, hydrophysical and hydrochemical
studies of the adjacent water areas of Novaya Zemlya were made [9, 10].

Rapid changes in the cryosphere affect the productivity of ecosystems [11] and species
interactions [12] in the Arctic. Such rapid changes lead to changes in the carbon and greenhouse
gas cycle [13, 14]. The unique ecosystems associated with the ice boundary are at risk.
The Kara Sea is a marginal sea of the Arctic Ocean, located on the shelf of Eurasia, bordering
the Barents Sea in the west, the Laptev Sea in the east, the total sea area is 883 thousand km?,
80 % of the sea area is shelf, with an average depth of 127 m, the greatest depth observed
in the St. Anna Trench — up to 620 m. The total volume of the Kara Sea is estimated at
112 thousand km®. The boundaries of the sea are distinguished both along the coastlines and
along the extreme points of the islands of Severnaya Zemlya and Novaya Zemlya.

Novaya Zemlya, a submerged mountain range, is the largest archipelago in
the European Arctic consisting of two islands, Severny and Yuzhny. The coastline of
Novaya Zemlya is significantly indented by fjord-type bays.

Blagopoluchia Bay (object of current study) is located on the eastern coast of Severny
island of Novaya Zemlya. It was discovered in 1921 by a Soviet hydrographic expedition on
board the R/V Taimyr. The bay’s length is about 11 km, the width at the entrance is 7 km.
Most of the year the bay is covered with ice. In the central part of the bay, the maximum depth
reaches more than 170 m. The bay is partially isolated from the Kara Sea by Kamny Island
located at the entrance to the bay [15]. The location of Blagopoluchia bay is shown in Figure 1.
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Fig. 1. Scheme of location of Blagopoluchia Bay on the Novaya Zemlya archipelago and in the Kara Sea
Puc. 1. Cxema pacnonoxenus 3anusa braronomy4ns va o. CeBepnsiit, HoBas 3emitst u B Kapckom Mmope

There is little literature on the ecology of Blagopoluchia Bay. It is known by oxygen
and hydrogen isotope methods that the source of desalination in the bay is glacial runoff.
In 2007, during an expedition within the project “Ecosystems of the Russian Arctic”,
high concentrations of nutrients were detected for the first time in the Blagopoluchia Bay
watercourses. The concentration of nitrates was in the range of 1-15 uM, dissolved silicon
22-50 pM. These values were higher than the average concentrations of NO; and Si in
the adjacent water area of the Kara Sea and aroused interest. Laboratory experiment was
carried out. The experiment confirmed that the rocks of Novaya Zemlya can be a source
of nutrients in the watercourses [14, 16].

The aim of the current study is to identify common characteristics and differences
in the hydrochemical composition of watercourses flowing into Blagopoluchia Bay and
determine the degree of influence of watercourses on the water area of Blagopoluchia Bay.

MATERIAL AND METHODS

The work is based on hydrochemical data obtained during cruises of the R/V Akademik
Mstislav Keldysh and cruises of the R/V Professor Shtokman (Table 1). The open part
of Blagopoluchia Bay and Ukromnaya Bay are separated from each other by a narrow
bar with 2 m depth [17].

Water samples in the rivers and in the marine part of the Bay were taken with
a plastic Niskin and then transferred into specially prepared glass and plastic bottles with
screw caps, canned, if necessary, and stored at a low temperature without access to light
or in a freezer. Water samples from rivers were preliminarily filtered through Millipore
filters with a pore size of 0.45 um. The water temperature and salinity were measured
using a CTD probe SeaBird SBE19plus. The water temperature and salinity during the
landings were determined using a portable salt thermometer.

Determination of dissolved silicon was performed by a blue molybdenum complex.
Traces of silica are determinable down to 0.28 uM SiO;™ liter ' with an error of +3 %.
Determination of dissolved forms of nitrogen (nitrates) was carried out colorimetrically using
the Griess reagent after reduction of nitrates to nitrites in cadmium reducers. The precision
of the method is 0.02 pM [18]. Total titratable alkalinity (Alk) was determined by direct
titration — the Bruevich method with visual determination of the end point of titration [19].
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Table 1

Cruises performed by the Institute of Oceanology of the Russian Academy of Sciences
in the course of research under the program “Ecosystems of the Siberian Arctic”
Tabruya 1

Peiicpl, BoinosineHHble UHcTHTYTOM OKeaHooruu uM. ILIIL. Ilupmosa PAH
B X0/l MCC/Ie10BaTeIbCKOH MporpaMmbl «kocucTeMbl CHOUPCKOIT APKTHKI

Year Vessel Dates of cruises
2007 RV “Akademic Mstislav Keldysh” 54 cruise ~ |05.09-07.10.2007
2013 RV “Professor Shtockman” 125 cruise Aug—Sept 2013
2014 RV “Professor Shtockman” 128 cruise 26.08-10.10.2014

2016 RV “Akademic Mstislav Keldysh” 66 cruise  |11.07-20.08.2016
2017 RV “Akademic Mstislav Keldysh” 69 cruise  |22.08-3.10.2017
2018 RV “Akademic Mstislav Keldysh” 72 cruise  |16.08-20.09.2018

500 min 1 cm

Fig. 2. Rivers flowing into Blagopoluchia Bay. On the left, the red line (A) — the river flowing into
Ukromnaya Bay (flows from the Nally Glacier), on the right, the yellow line (B) — Bazoviy spring
(a large river)

Puc. 2. Pexn, Bnagaromue B 3anuB brnaronomyunst. KpacHsiM cieBa oTMeueHa peka YKpomHas (A),
CIpaBa XeNTol TuHueil orMeueH pydeit bazossrii (B)
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Water sampling from the rivers (Figure 2) was carried out during landings, water
sampling in the open part of the bay was carried out directly from the vessel. The watercourses
in Blagopoluchia Bay belonged to 2 main groups — rivers (the Ukromnaya River and
the Bazovy Creek, Figure 2) fed by glaciers and small streams that do not have a name,

a) b)

Fig. 3. Two different types of Blagopoluchia Bay watercourses: rivers (a) and small creeks (b)
photographed by the author

Puc. 3. /IBa pa3nu4HbIX THIA BOJOTOKOB, BIAAIOUINX B 3a1MB brarononyuuns: pexu (a) 1 MenKue
pyust (b), pororpadun aBropa

|
63°39' 63°51'E
Years of expeditions
©2007 @2013 @2014 ®2016 @ 2017 @ 2018

Fig. 4. Layout of stations in Blagopoluchia Bay
Puc. 4. Pacnionoxxenne craHnuii Ha 6epery U B akBaTOpHH 3anuBa braronomy«dms
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fed mainly by snow, the difference between the two types of watercourses is shown in
Figure 3. Location of the sampling places look at figure 4.

Previously, it was shown that the chemical composition of the watercourses in
the bays of Novaya Zemlya is formed as a result of leaching of chemical elements from
rocks. The main nutrient elements entering the water area of Blagopoluchia Bay with
watercourses (according to the results of laboratory experiments) are dissolved silicon
and the nitrate form of nitrogen.

RESULTS AND DISCUSSION

Variability of the hydrochemical parameters of the rivers and streams
in Blagopoluchia Bay

The concentrations of dissolved silicon in the watercourses of Blagopoluchia Bay
in 2007 were in the range from 22 pM to 50 uM, in 2013 this range was 6.4-38.3 uM,
in 2014 5.3-26.8, in 2016 23-36 uM, in 2017 the concentration range was 10-46 puM,
in 2018 11-33 pM.

The concentrations of nitrate nitrogen in the watercourses of Blagopoluchia Bay in
2007 ranged from 1 pM to 15 pM, in 2013 this range was 3.04-8.14 pM, 2014 1.86—
5.5, 2016 3.7-11.2 uM, in 2017 the concentration range was 0.1-3.1 uM, in 2018 1-15
UM. Graphically, the data is presented in Figures 5 and 6, the boundaries of the bars
show the minimum and maximum values, the line in the middle of the bars shows the
average value.

A series of experiments were conducted with the shales forming the bedrock of
the glacial streams. The aim of the experiments was to identify the possibility of leaching
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Fig. 5. Silicon concentrations ranges in the watercourses of Blagopoluchia Bay, 2007-2018
Puc. 5. Konnenrpanuu kpeMHusl B BOAOTOKax 3ajuBa biarononyuusi, TMHUENH MOKa3aHO CpeaHee
3nauenue, 2007-2018 rr.
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Fig. 6. Nitrates concentrations ranges in the watercourses of Blagopoluchia Bay, 2007-2018
Puc. 6. Konnenrpanuu HUTPAaTHOTO a30Ta B BOJOTOKaX 3ajuBa biaromnoiyuusi, TMHUEH MoKa3zaHO
cpennee 3Hauenue, 2007-2018 rr.

nutrients from various rocks. The leaching experiments are described in [13, 16], the main
result of these experiments being the proven possibility of leaching silicon and nitrogen
from rocks. In addition, not only was the possibility of leaching biogenic elements proved,
but also the leaching rate was calculated, which was 1.6 uM SiO3™ -m%day, for nitrate
nitrogen (NOj; ) this value was at the level of 0.4 uM-m?/day [13, 16].

The concentrations of silicon and nitrogen reached the highest values in 20162018,
they were also significant in 2007. There are two different type of watercourses: small and
temporary watercourses or comparably larger and constantly flowing. Stream sampling
points are plotted on the Blagopoluchia Bay map; the values next to the points represent
the concentrations of dissolved silicon and nitrates (Figures 7, 8). The average values of
nutrient concentrations in watercourses of different types are given in Table 2. A diagram of
the silicon content and total alkalinity (Figure 9) of the watercourses show that the waters of
constantly flowing rivers Ukromnaya and the Bazovy stream on average contain a smaller
amount of dissolved silicon and nitrate nitrogen than the small and temporary watercourses.

Table 2
Comparison of concentrations of dissolved silica, nitrates in small watercourses and rivers
Tabnuya 2
CpaBHe}me KOHl.leHTpalIl/lﬁ PaCTBOPEHHOI'0 KPpeMHUs, HUTPATHOI'0 a30Ta
B MAJIBIX H 00JIBIIHX BOJI0TOKAaX

Rivers (Ukromnaya, Bazoviy) Small watercourses (streams)
1-13 uM SiO* STDev 3.77 18-46 uM SiO,> STDev 8.09
0.5-8.14 uM NO, STDev. 2.1 1.15-11.2 utM NO, STDev 3.14

362 IIPOBJIEMBI APKTUKH 1 AHTAPKTHKH * 2023 * 69 (3)




I'B. bopucenxo, A.A. Honyxun, M.B. @nunm G.V. Borisenko, A.A. Polukhin, M.V, Flint
" ~ " S~ o e R i

Fig. 7. Map of the distribution of dissolved silicon concentrations in the watercourses of
Blagopoluchiya Bay (2007-2018). Yellow circles indicate sampling locations. Letter indices mark
the years of observation: @) 2007, b) 2013, c¢) 2014, d) 2016, e) 2017, f) 2018

Puc. 7. Kapra pacnpenencHus KOHLEHTpaLUi paCTBOPEHHOIO KPEMHUS B BOLOTOKaX 3anuBa biaro-
nomyuns (2007-2018). XKenTeiMu kpyramMu 0TpasKeHO MECTOIONIOKEHHE 0TO0pa Mpod. BykBeHHBIMI
HHJIEKCaMH OTMEUeHBI rofsl Habmonenuii: a) 2007, b) 2013, ¢) 2014, d) 2016, e) 2017, f) 2018
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a) ey VR T

b - ,
Fig. 8. The map of nitrate nitrogen concentrations in watercourses of Blagopoluchia Bay (2007-2018).
Magneta circles indicate sampling locations. Letter indices mark the years of observation: a) 2007,
b) 2013, ¢) 2014, d) 2016, e) 2017, f) 2018
Puc. 8. Kapra pacnpenenenusi KOHIIEHTpAIMi HUTPATHOTO a30Ta B BOAOTOKAX 3ajmBa braromomyynst

(2007-2018). Po30oBBIMHU KpyTaM# OTPayKEHO MECTOTIONOKEHHE 0TOOpa Mpo0d. BykBeHHBIMH HHIEKCAME
oTMedeHbl ropl Habmonenuit: a) 2007, b) 2013, ¢) 2014, d) 2016, e) 2017, f) 2018
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Fig. 9. The Alk-Si Diagram for the watercourses of Blagopoluchia Bay (2007-2018)
Puc. 9. lnarpamma oO1mieif menoYHOCTH — KOHIIGHTPaluy KPeMHHUS JJIsl BOJOTOKOB 3anuBa biaro-
noryunst (2007-2018)

Also, the parameter of the total alkalinity range in the rivers is 1 — 1.1 mg-eq/l, for
the small and temporary watercourses Alk = 1.8 mg-eq/l.

The results of a study conducted in Templefjord (Svalbard) are largely similar to
those of the current work. The main rock in Templefjord Bay is limestone, with which
a nutrient leaching experiment was also carried out. It is shown that, on average, limestone
releases 1.6 pM SiO}"-m%day and 5 pM NO; -m*/day. In addition, according to the authors
(Pogojeva), the main source of biogenic elements in the Templefjord is rivers containing
46-58 uM SiO?", uM 5-9 uM NO; . Also, a significant source of nutrients is the abrasive
slopes of a recently retreating glacier, the waters of which contain 55 uM Si, 2 uM NO;
[14, 20].

According to several authors [21, 22], the concentration of nutrients (N, Si, P) and
metals (Fe, Mn) in watercourses is determined by the rock underlying the catchment area of
the watercourse. For the most silicon-rich rivers of the Greenland Ice Sheet (concentration up to
500 uM), the main rock underlying the watershed is basalt, and gneisses are also represented.
According to our data, the rivers of Novaya Zemlya contain a smaller amount of nutrients,
which may be associated with another rock of metamorphic origin, ankeritolite schist.

The average value of the concentrations of dissolved silicon in the rivers flowing
from the Greenland Ice Sheet is 26 uM, while the maximum value is 540 uM, the average
concentration of nitrate nitrogen, conversely, is lower for the rivers of the Greenland Ice
Sheet — it is at the level of 2.5 uM. Measurements in the glacier-fed Saqqap Sermersua
River showed that the Si:N:P ratio was 112:8:1, which is different from the standard
15:16:1 stoichiometric ratio typical of diatoms. Thus, melt water flowing from glaciers
cannot be a significant source of nutrients [23].
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Hydrochemical characteristics in the marine area of Blagopoluchia Bay

The Kara Sea belongs to oligotrophic seas [11, 24], whose nutrient concentrations
are significantly lower than those both in bays and in the glacial watercourses of Novaya
Zemlya [13, 16, 27].

Sections showing a spatial distribution of silicon and nitrates are given in Figures
10, 11. Using these sections, one can determine the range of influence of the source of
nutrient elements and the depth of the layer with elevated (compared to the open Kara
Sea) concentrations of nitrate nitrogen and dissolved silicon.

The vertical distribution of nutrient concentrations in Blagopoluchia Bay in 2007—
2018 is as follows: the surface layer is enriched in nutrients in the area of Ukromnaya
Bay and the adjacent water area, the thickness of the enriched layer (relative to the average
concentrations of the Kara Sea) is 10—15 meters. On average, the concentration of nutrients
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Fig. 10. Hydrochemical sections across Blagopoluchia Bay, letter indices indicate different years of
observations: @) 2013, b) 2014, ¢) 2016, d) 2017, ¢) 2018. The highest concentrations of dissolved
silicon were found in the upper 10—15 m water layer, in Ukromnaya Bay and at the outlet of
Ukromnaya Bay. This pattern is most clearly visible in figures a), b), d) and e)

Puc. 10. I'mapoxumMuueckuii pa3pe3 uepes 3aauB brarononydns, OyKBeHHbIE MHAEKCH 03HAYAIOT
pasnuuHbIe rosibl HabmroneHuit: a) 2013, b) 2014, ¢) 2016, d) 2017, ) 2018. Bpicokue KOHIIEHTpALHN
KPEMHHS JIOKaJIM30BaHbI B BepxHHX 10—15 M, B OyxTe YKpoMHast 1 Ha BBIXOJIe U3 OyXTHl YKpOMHasI.
Dra 3aKOHOMEPHOCTh HanbOoJIee XOPOILIIO BUAHA HA PUCYHKAX a), b), d) ¥ e)
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Fig. 11. Hydrochemical section through Blagopoluchiya Bay, letter indices indicate different years
of observations: @) 2013, b) 2014, ¢) 2016, d) 2017, e) 2018. High levels of nitrate nitrogen are
localized in the upper 10—15 m, in Ukromnaya Bay and at the exit from Ukromnaya Bay. This pattern
is especially clearly visible in Figure a). An interesting observation is the presence of relatively high
concentrations of nitrate nitrogen in the upper layer in the middle part of the bay in figures d), e)

Puc. 11. T'mapoxumudeckuii pazpes uepes 3amiB briaromommyurist, OyKBeHHbIE HHIECKCHI 03HAYAIOT Pa3IHi-
HbIe Tob Habmonenwit: a) 2013, b) 2014, ¢) 2016, d) 2017, ) 2018. Bricokie HUTPaTHOTO a30Ta JIOKAIH-
30BaHbI B BepXHUX 10—15 M, B OyxTe YKpOMHast 1 Ha BBIXOZE U3 OyXThI YKpOMHAsL. DTa 3aKOHOMEPHOCTh
0COOSHHO XOPOIIIO BUAHA HA PHCYHKE ). IHTepecHBIM HaOMIONEHIEM SIBIIETCS HATMIHE OTHOCHUTEIEHO
BBICOKMX KOHIIEHTpAIHI HUTPATHOTO a30Ta B BEPXHEM CJIOE B CPETHEH YacTy 3aIMBa Ha PUCYHKAX d) 1 e)

in Ukromnaya Bay is higher than in Blagopoluchia Bay. Usually the concentration increases
with the depth to the values 4-5 uM Si, 2-9 uM NO; .

The average concentration of dissolved silicon in the upper layer of
Ukromnaya Bay (the inner part of Blagopoluchia Bay) is 6-10 uM; for dissolved nitrates,
this value is in the range of 4-6 uM. Further, from Ukromnaya Bay towards the Kara
Sea, the concentration of dissolved silicon and nitrate nitrogen in the upper 10-15 m layer
decreases, reaching concentrations close to analytical zero in the outer part of the bay
(normal values for the Kara Sea). See Figure 10, 11.

In 2013, the content of silicon in the waters of Blagopoluchia Bay was in the range
from 2 to 36 puM, the highest content of silicon was observed in Ukromnaya Bay, near
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the source (Ukromnaya River). Outside Ukromnaya Bay, the content of dissolved silicon
was 0-2 uM; towards the depth, the content of silicon increased and at a depth of 40 meters
it was 6 uM. In 2014, the silicon content in the waters of Blagopoluchia Bay ranged
from 0 to 6 uM, reaching a maximum in Ukromnaya Bay; in the upper 20 m water layer,
the silicon concentration reaches 3.5 uM, increasing to 6 pM with depth. The maximum of
dissolved silicon in 2016 was also observed in Ukromnaya Bay (up to 4 uM), in the upper
10-15 m water layer the concentration of dissolved silicon reached 2 uM, with depth it
increased to 7 uM. In 2017, the concentration of dissolved silicon was in the range of
3 to 6 uM, reaching a maximum in the surface waters of Blagopoluchia Bay and below
the pycnocline. In 2018, in the surface layer of Blagopoluchia Bay the concentration of
dissolved silicon was 4 uM in the secluded and northern parts of Blagopoluchia Bay;
in the outer part of the bay, it was close to analytical zero. The maximum of dissolved
silicon in 2018 was observed at a depth of 120-140 m.

The upper 10-15 m water layer in all the years of observation contains 0—1 uM
of nitrate nitrogen, at the same time, in 2013, 2014, 2016, an increased concentration of
nitrate nitrogen of 4 uM is observed in Ukromnaya Bay, in the northern part of the bay
outside Ukromnaya Bay, the concentration of nitrate nitrogen in the upper 10-15 meters
it reaches 2 pM, with depth the concentration of nitrate nitrogen increases to 9 uM. All
the hydrochemical sections across Blagopoluchia Bay are shown in Figures 10, 11.

Distance of influence of watercourses in Blagopoluchia Bay

The distance of nutrient signal spreading from the watercourses flowing into
Blaopoluchia Bay is different and has its own patterns. It can be seen from the sections
across Blagopoluchia Bay that the nutrient signal can be detected most often inside
Ukromnaya Bay, or in the northern part of the bay at the exit from Ukromnaya bay.
The range of penetration of river waters into the water area of the bay was determined
by us according to the literature data: in the Kara Sea, the average concentration of
dissolved silicon is 4-5 micromoles, according to some authors who have previously
studied the Kara Sea, it is silicon that is a marker of river waters. Thus, the boundary
of the influence of river waters was determined by us as a silicon content of more than
5 micromoles (average concentration in the west Kara Sea) [25]. The table below shows
the values of the propagation distances of the nutrient signal in Blagopoluchia Bay in
different years. See distances in Table 3.

Table 3
Distance of the nutrient signal spreading in Blagopoluchia Bay (2013-2018)
Tabnuya 3
PaccrosiHue pacnpocTpaHeHns 0MOreHHOro curHaJia B 3aiuse biaaromonyuus (2013-2018)
Year Distance of nutrient signal spreading, km
2013 1 km, in Ukromnaya bay
2014 1 km, in Ukromnaya bay
2016 1 km, in Ukromnaya bay
2017 10 km, central part of Blagopoluchia Bay
2018 7 km, northern part of Blagopoluchia Bay

In our opinion, there are several reasons why the watercourses affect only Ukromnaya
Bay (see 2013-2016): 1) features of the bottom orography that prevent free advection of waters
from Ukromnaya Bay. Ukromnaya Bay and the main water area of Blagopoluchia Bay are
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separated by shallow water with a depth of 0.5 meters. 2) features of the circulation of waters
in Blagopoluchia Bay [26]. The main finding is that the waters from the Kara Sea flow along
the eastern coast and exit the bay along the western coast of Blagopoluchia Bay. Most likely,
in the course of this circulation, advection of waters from the Kara Sea occurs, which interferes
with the detection of the nutrient signal at the outer part of Blagopoluchia Bay.

According to the literature data available for the fjords of the Greenland Ice Sheet,
the distance of influence of the watercourses is determined by the fjord boundary. For
the Godthab fjord, the nutrient signal is visible at a distance of 20 km, which is primarily
determined by the difference in the location of the mouths of the watercourses. For Young
Sound Fjord, the distance of source influence (increased silicon concentrations) is also
20 km [23]. The depth of the influence of the watercourse reaches 10—15 m and is within
the plume distributed in the surface part of the section. These facts are consistent with
the data on the bays of Novaya Zemlya.

At the same time, the lack of response from the Greenland fjord ecosystem [23] in terms
of the lack of growth in primary production is worth noting. Turbidity is the reason for the
lack of primary production. Turbidity determines the availability of light to primary producers.
According to modern data, the primary productivity for the bays of Novaya Zemlya is often
lower than that of the adjacent water area of the Kara Sea. However, there is no restriction
on nutrients. Thus, according to our data, the nutrient influence of watercourses on the water
area of the Kara Sea is local and does not occur beyond the boundaries of Blagopoluchia Bay.

CONCLUSION

Within the framework of the project “Ecosystems of the Russian Arctic”, a study was
made of the influence of watercourses of glacial origin in Blagopoluchia Bay (archipelago
Novaya Zemlya) on the spatial variability of nutrients and the hydrochemical structure
of waters.

Watercourses are a significant source of biogenic elements for Blagopoluchia Bay.
Small and temporary streams bring more nutrients to Blagopoluchia Bay than the large
and constantly flowing ones. The structure of the waters is influenced both by the streams
themselves and by the general morphology of the bay. Blagopoluchia Bay contains a semi-
closed Ukromnaya bay, which accumulates nutrients from the incoming river water.

The distance of the influence of the watercourses on the hydrochemical structure
of the bay is also a variable value; according to our observations, it ranged from 1 km to
7 km; the watercourses’ influence is local and they do not bring nutrients to the Kara Sea.
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PacTBOpeHHbIN KPEeMHHUH M HUTPATHBIN a30T
B JICIHUKOBBIX BOI0TOKAX U aKBaTOpHH 3ajuBa biarononayuus
(Poccuiickasa Apkruka, HoBas 3emus):
MPOHNCXO0kK/ICHHE, H3MEHYHBOCTH U PACIIPOCTPaHEeHHEe OMOTeHHOI0 CHTHAJIA

HUnemumym Oxeanonoeuu um. I1L11. lupwosa PAH, Mocksa, Poccus

"borisenko.gv@ocean.ru

Pe3iome

[TpoBeseHBI THAPOXMMHUYECKHE HCCIEN0BAHMS BOIOTOKOB U akBatopuu OyxTsl braronmomyuns (Hosas 3emud,
Apxruka, Poccust). KonneHTpanyi OHOreHHBIX SI€MEHTOB B PeKaX U PYUbsX BBIIIE, YeM B aKBATOPHH OyXThI
bnarononyuns. [TokasaHo, 4T0 KOHIEHTPALUSA KPEMHHS B OCTOSHHO TEKYIIUMX peKax cocTaBmseT 1-13 uM,
koHuenTpays NO, — 0,5-8, 111 MajbIX 1 BpeMEHHBIX BOJOTOKOB 9TH 3HAYEHHS BBILIE M HAXOMATCA B PEENax
18-46 uM SiO?", 1-11 M NOj . Bmustaue pydses H pek, BIAJAIIIHX B 3aTHB Biaromonyune, Ha aKBATOPHIO
3aJ1HBa HOCHT JIOKAIIbHBII XapakTep U pacmpocTpanseTcs 10 | kM oT ycTbs. Pasrpyska BOZOTOTOKOB, G0raThIx
OMOTEHHBIMH JIEMEHTaMH, HE BIMSET Ha CofepiKaHne OMOTeHHBIX 2eMeHTOB B Kapckom Mope. Bozmoxnoit
TPIYHHON JTOKaIBHOTO BIHSHIS BOJOTOKOB HA aKBaTOPHIO 3amuBa braromomyyns seisercs pensed aHa, MOp-
(onorus 3anmBa 1 BETpOBasi 00CTAHOBKA HA MOMEHT H3MEPEHHH.

ARCTIC AND ANTARCTIC RESEARCH * 2023 * 69 (3) 371




T'HJIPOJIOIHA CYLIN U IT'HIPOXUMUA HYDROLOGY OF LAND AND HYDROCHEMISTRY

KaroueBble c10Ba: OHOTCHHBIC 3IEMEHTBI, OMOTCHHBIA CHIHAN, BOIOTOKH, Kapckoe mope, Hoast 3emis,
PEUHOIA CTOK.

Jas untuposanusi: Borisenko G.V., Polukhin A.A., Flint M.V. Dissolved silicon and nitrogen in glacial rivers
and water of Blago bay (Russian Arctic, Novaya Zemlya): origin, variability and spreading // [Ipo6nemsr Ap-
kruky 1 Autapktuki. 2023. T. 69. Ne 3. C. 356-373. https://doi.org/10.30758/0555-2648-2023-69-3-356-373.
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PACTBOPEHHBI KPEMHUU U HUTPATHBIN A30T
B JEJHUKOBBIX BOJOTOKAX U AKBATOPHUHU 3AJIMBA BJIATOIIOJNYYUS
(POCCUMCKASI APKTUKA, HOBASI 3EMJIS):
MNPOUCXOXKJIEHHUE, UBMEHUUBOCTb U PACIIPOCTPAHEHUE
BUOTEHHOI'O CUTHAJIA
(PACIIUPEHHBIN PEDEPAT)

BBEJEHHUE

CormracHO JaHHBIM MEXAYHAPOIHOI MPOrpaMMBbl MOHUTOPHHTA B OIIEHKH APKTHKH
(AMAP)’, noBbIILICHHE TEMIIEPATYPHI B APKTHKE UJIET B 3 pasa ObICTpPEE, YEM B OCTATIBHBIX
permnonax 3emin. VIHTeHCUBHOCTH TastHUS JIGAHUKOB BhIpocia B I pernanaun u B Vcian-
nmuu. Jlns HoBoit 3emiu moBBIIEHHE CpeaHel TemmepaTypsl coctaBuio 3,1 °C ¢ 1971 1
CrpemMuTEenBHOE TOBBIIICHHE TEMIIEPATYPHI B APKTHKE YBEJINYMIIO OOIINH YPOBEHB TasHUS
JIeTHUKOB, Hanpumep, Ha Hosoii 3emie. Cokparienue geqHukoB Ha HoBoli 3emite cocTaBu-
10 1000 kM2, a cokparnienue oomiero oobema 380 kv?. Boa, oOpasyroiasicss B pe3ysbrare
TasTHUSA JIETHUKOB, BBI3BIBAET KACKal MI3MEHEHUH B 9KOCHCTEME, HallPIMEP, MEXaHIMUEeCKIH
Y XUMHYECKUH CTOK B pekax Mcmanmauu 3a mocnennue 40 net Beipoc Ha 30 %. B 10 *e
BpeMs yCHIIMBAETCS TIPUBHOC peKaMu a3oTa (mokazano Ha npumepe CeepHoii [1IBerum),
METaJUIOB, PACTBOPEHHOTO KpeMHus (Ha nmpumepe ['pennanaun). B Poccuiickoit ApkTrke
BIIMSTHHE YBEJIMUEHHS CTOKA peK Ha akBatopun CeBepHOTO JIeqOBUTOrO OKeaHa OCTaeTCs
Hensy4eHHbIM. MHCcTHTYyTOM OKeanosniorun PAH Obimn mpousBeneHs! nccienoBanms Kap-
ckoro Mopst 1 HoBoii 3eMin B paMKax mporpaMMbl « IKOCUCTEMbI POCCHIICKOM APKTHKHY,
kotopas muwitack ¢ 2007 mo 2018 1. JlaHHbBIE, TOMyYeHHBIE B 3TUX YKCTEAUIMIX, BO-
UK B TeKyIuii Matepuai. [Ipeasictopus pabot B 3asmBe braromomydns, 006cyx1aeMbIx
B TaHHOW cTatke, caenyromas: B 2007 . Obut 0OHAPYKEHBI BHICOKHE KOHIIEHTPAIIUN
HUTPATHOTO a30Ta, PACTBOPEHHOTO KPEMHHS B BOJOTOKAaX, BIAJAIOMINX B 3aJUB. Tak,
KOHIICHTPAIMsl HUTPATHOTO a30Ta jgocturana 15 pM, pacTBOPEHHOTO KpEeMHHUS — IO
50 uM. Anammza gansabix 2013-2018 rT. He MPOU3BOIMIOCH.

Lenp TaHHOTO WCCIIEIOBAHUS BEISIBUTH OCHOBHBIC THPOXHMMUYECKNE XaPAKTEPUCTU-
KM U Pa3Iu4us BOJOTOKOB, BIIaAA0MKX B 3ayMB briaromomyuus Hooit 3emmu. HeoOxomm-
MO ONPEACTHUTH CTETICHb BIMSHIS BOJIOTOKOB HA MPUJIETAIOIIYIO K 3anKBy biaromomydms
akBaroputo Kapckoro mops.

MATEPHUAJIbI U METO/bI

3ammB braromonyuns pacmonokeH Ha 0. CeBepHbIit apxumnenara Hosas 3emis. Pabo-
Ta 0azupyeTcs Ha JAHHBIX, MTOJTYYEHHBIX B XO/1€ KCHEIUIINHI HCCIIEI0BATEIBCKOTO CYIHA
«Axaznemuk Mcrucnas Kenapinn u nccnenoaressckoro cyana «IIpodeccop Itoxman»
B 2007, 2013, 2014, 2016, 2017, 2018 rr. IIpoOBI BoABI OTOMpATHCh KaK W3 BOIOTOKOB,

*

URL: https://www.amap.no/documents/download/6887/inline (nara obpamenus 01.09.23)
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BIAQJIAIONINX B 3aJIMB braromomyuns, Tak ¥ U3 MOPHCTOH 4acTH 3ayiMBa. METOANKH, HC-
MOJIBb3yEeMBbIE /ISl THAPOXMMUYECKOTO aHaJIN3a COJAep KaHUs a30Ta, KpeMHus, (pocdopa,
ObuM cTaHIApTHBIMU. PacronokeHne Todek mpo00ooTOOpa MpUBEICHO B OCHOBHON 4a-
CTH CTaThbU. BOmOTOKHM, M3 KOTOPBIX OTOMpanuch MpoObl, ObUIN IByX OCHOBHBIX BH/IOB!
KPYTHBIE, UIMEIOIIHE 3HAYUTEIBHYIO BOJOCOOPHYIO TUIONIAb (K TAKMM peKaM OTHOCHUTCS
peka YkpomHas u pydeil ba3oBrlit), OTHOCHTENBHO MOCTOSHHBIC W MEJIKUE, HMEIOIINE
CHETOBOE NHMTaHNE, BPEMEHHBIE.

PE3YJIBTATbI

BbM nosy4eHs! cpeiHie KOHLEHTPAIlMK OMOTEHHBIX 2JIEMEHTOB (a30Ta M KPEMHUS)
B KpyIHBIX pekax (YkpomHasi u pydeil ba3oBblil) 1 B Menkux pyubsix. Pe3ynbsrarsr Obuin
pa3sHBIMHU: B KPYIHBIX pekax (YkpomHasi, ba3oBblil) KOHIIEHTpAIIMM KPEMHHMS COCTABIISITH

1-13 uM SiO;” STDev 3.77, azora 0.5-8.14 uM NO; STDev. 2.1, B T0 Bpems Kak s

MEJIKHX PeK 3TH nokasaresu paubl 18-46 uM SiO = STDev 8.09 u 1.15-11.2 uM NO,
STDev 3.14 st KpeMHUsI 1 @30Ta COOTBETCTBEHHO. CTaHAapTHOE OTKIOHEHHE PUBEACHO
UL Kaxkaoro auamnasona u obosnadeno STDev.

B nomoiHeHUE K MOMYyYSHHBIM Pe3yJIbTaTaM IO CPEIHUM COICPKAHUIM OMOTCHHBIX
JJIEMEHTOB ObllIa IOCTPOCHA qUarpamMma KOHIICHTPAIMi KPEeMHHUS — OOIIeH IIeI0YHO-
CTH, IO KOTOPOH BOAOTOKH, BIajarolue B 3a1uB braromnonyuus, Takxe pa3aeiuiuch Ha
2 rpynmsl. [lo HamieMy MHEHHIO, TaKO€ Pa3lieleHHe CBSI3aHO C TMIPOAMHAMHKON BOJO-
TOKOB: MOCTOSIHHBIE M KPYIHbIE BOAOTOKH B MEHBIIEH CTENEHH BbIIIEIAYUBAIOT TOPHbIE
MOPOJIbl, YEM BPEMEHHBIE.

B xonme paboThl OBLIO OLIEHEHO BIHSHUAC NPUBHOCA OMOTCHHBIX AJIEMEHTOB BOZO-
TOKaMH Ha akBaTopuro Kapckoro mops. PaccTosiHue oOHapyKEHHUs MOBBIINICHHBIX KOH-
LEHTpaLUid KpEMHUS U a30Ta BapbUPOBAJIOCH U COCTABIISLIO B Pa3Hble rojibl OT 1 10 7 kM
OT UCTOYHMKA. Pazinyue B pacCTOSHUM BJIMSHUS BOJOTOKA HA aKBAaTOPUIO 3aJIMBa MBI
CBSI3BIBAEM C BETPOBOM OOCTAHOBKOH B MOMEHT M3MEPEHUIl, OTHAKO 3TOT TE3UC TpeOyeT
JIOIIOJIHUTEIIBHBIX JOKA3aTeIbCTB.

3AKJIIOYEHHUE

B pamkax npoexra «9xocucteMsl Poccuiickoit ApKTHKI» TPOBEICHO HCCIIEA0BAHNE
BJIMSHUS BOJOTOKOB JIGTHHKOBOTO ITPOMCXOXKICHUS B 3anuBe biaaromomyums (apxumenar
HoBas 3emiist) Ha POCTPAHCTBEHHYIO M3MEHYMBOCTbh OMOTEHHBIX BEILECTB U THIIPOXH-
MUYECKYH CTPYKTYpY BOL.

BonoTokn SBIAIOTCS Ba)KHBIM MCTOYHHKOM OMOTEHHBIX 3JEMEHTOB IS 3ajJHBa
brnarononyunsi. Masnble 1 BpeMEHHbIE py4YbH IPUHOCST B OyxTy briaromonyunsi Gosplie
[UTATEJIbHBIX BEIIECTB, YEM KPYIIHbIE U IOCTOSHHO TeKylue. Ha cTpyKTypy BOJ BIUSIOT
KaK caMM py4bH, Tak U obmas Mmopdonorus 3anusa. B ryde biaromnonyuust umeercs mnosy-
3aKkpeITas Oyxra YKpoMHasl, akKyMylIHPYIOIIas MMTAaTeIbHbIC BEIIECTBA U3 MOCTyMaromeit
PEYHOI BOJIBI.

JlanbHOCTb BIMSHUS BOJOTOKOB Ha T'MIPOXUMHUYECKYIO CTPYKTYPY 3aJIMBA TAKKE
SIBJISICTCS BEJIMYMHOMN NEPEMEHHOIA; 10 HAIlIMM HaOJIIOICHHUSIM, OHA COCTABJIsIa OT 1 KM J10
7 kM. BrusiHEE BOZOTOKOB JIOKAJIbHO, U OHM HE MPUHOCAT OMOTeHHBIE BenlecTBa B Kap-
CKO€ MOpe.
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