POLISH POLAR RESEARCH (POL. POLAR RES).

1| 4 43—52 1980
POLSKIE BADANIA POLARNE

Jacek URBANSKI, Ewa NEUGEBAUER, Ryszard SPACJER
and Lucyna FALKOWSKA

Institute of Oceanography, University of Gdansk, Gdynia

Physico-chemical characteristic
of the waters of Hornsund
Fjord on south-west
Spitsbergen (Svalbard
Archipelago) in the summer

' season 1979

ABSTRACT: Measurements of water temperatures, salinity, oxygen, suspended matter,
nutrients and some metals contents were determined in the waters of the Hornsund
Fjord. The investigations were carried out at the end of June and July and in mid-
-September 1979. '
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1. Introduction

The aim of the studies were physico-chemical investigations of the waters
of Hornsund Fjord, situated southwards of Spitsbergen (Fig. 1). The fjord
extends for about 30 km and its width varies from 6 to 8 km. The maximum
depth is about 250 m.

" Hornsund is under the influence of a complex system of water masses
due to the proximity of the contact zone of the waters of the East-Spits-
bergen and West-Spitsbergen Currents (Lomniewski, Zaleski and Zmu-
dzinski 1979).

The East-Spitsbergen Current flows southwards along the east coast of
Spitsbergen. Salinity of the water surface in the area eastwards of Spits-
bergen i.e. in the area under the effect of the current is in the summer
season lower than 340/, and water temperature corresponds to the thermal
conditions in the upper layers of the Arctic waters (Coachman and
Aagaard 1974). The West-Spitsbergen Current flows northwards along the
west coast of Spitsbergen. Its waters are characterized generally by tempera-
tures of about 3°C and salinity of about 350/), (Coachman and Aagaard
1974).
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Fig. 1. Location of sampling stations in the Hornsund Fjord (Spitsbergen)
Numbers in circles market out the station.

Hydrological investigations in the Hornsund Fjord carried out hitherto
by Polish scientific groups covered merely the measurements of temperature,
salinity, oxygen content in shallow bays of Isbjornhamna and Ariebukta
and tidal phenomena (Swerpel 1976, Siwecki and Swerpel 1979).

2. Methods and materials

Measurements of water temperature, salinity, the contents of oxygen
dissolved in water, suspended matter, nutrients (nitrites, ammonia, phosphates,
silicon) and metals (copper, nickel, cadmium, lead, zinc) were carried out.
The temperature was mesured down to the depth of 80 m with a temperature
sounding — apparatus ETM-2 and below that depth with reversible thermo-
metres. Salinity was determined with the Knudsen-Mohr method and oxygen
content with the Winkler method. The quantity of suspended matter was
determined by weight on the 0.45 um dia. pores Whattman filters (Pgche-
rzewski 1978). Nutrients were determined spectrophotometrically (Grass-
hoff 1976). The content of metals was determined using the techniques
of atom-absorping spectrophotometry (Thomas and Gibb 1975).
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Measurements were conducted at six sampling stations in the fjord (Fig. 1),
during three periods: 27—29 June, 30 July and 17—18 September 1979.
In June, all the measurements were made at the stations Nos. 1, 2, 3, 4 and 5:
in July, only the measurements of temperature and salinity were made at the
station No. 6: in September, the temperature, salinity and the quantities of
suspended matter and metals were determined at the stations Nos. 2, 3 and S.

3. Results and discussion

The measurements of temperature and salinity in the waters of the fjord
showed great variability in time and space. In June, in the whole mass of the
fjord waters water temperatures below freezing point were observed lowering
slightly with the increasing depth (Fig. 2). Salinity values exceeded 34.50/,
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Fig. 2. Temperature (1), salinity (2) and suspended matter (3) in the waters of the Horn-
sund Fjord (station No. 5)
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below the depth of 10 m deep and were less than 340/ = above the depth
of 10 m deep, only in shallow bays. The salinity of water over 34.50/,
indicates genetic connection of these waters with the waters of the West-
-Spitsbergen Current (Coachman and Aagaard 1974). Lowering of water
temperature as compared with the mean temperatures of the West-Spitsbergen
Current might occur in result of a strong cooling of the waters in the fjord
area in the wintertime. At the end of the summer, during the September
measurements, in almost the whole mass of the fjord waters temperatures,
above freezing point were noted. At the station No. 5, salinity was increasing
from the water surface to the depth of 80 m deep, reaching the value of 340/, ,
deeper downwards salinity values did not change, practically (Fig. 2). Tem-
peratures below freezing point occurred only in the several meter wide water-
-layer at the depth of about 50 m deep.

This is in all probability an intermediate layer (dichothermal layer) which
is a characteristic feature of the surface layers of Arctic waters in the shelf
areas during the summer. The occurrence of an intermediate cool water layer
comes in effect of the warming up of the upper layers of the surface
Arctic waters (Zubov 1945).

A specific situation was observed in July, at the station No. 6. The
measurements were taken several days after the permanent ice-cover moved
away from the bay. Temperature and salinity distribution showed great
variability (Fig. 3). The occurrence of a layer of water at the bottom showing
very low temperature (—1.9°C) and salinity coming up to 34.90/,, is a very
characteristic feature. This was very likely due to the remainder of very
cold and strongly saline water left over from the winter-spring season.
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Fig. 3. Temperature (1), salinity (2) of the water in the Hornsund Fjord (station No. 6)
on 30 July 1979
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Higher upwards the temperature of the water rises up to above 0°C at
the depth of 60 m and salinity decreases gradually to 330/, at the depth
of 20m and 270/, at the water surface. At the depth of 10 m and at the
water surface two layers of temperature inversion were observed. The occur-
rence of such water layers in the Hornsund Fjord was already described
(Siwecki and Swerpel 1979). The occurrence of the inversive layer at the
depth of 5—10 m is caused by the warming up of water surface by streams,
sun radiation and turbulent heat exchange between the water and the air.
Maybe that it is also due in some part to the underlying warmer water
of Atlantic provenance. The layer at the water surface is formed probably
by streams from glaciers with the temperature approaching freezing point.

Spatial variability, due to a small number of sampling stations, was
distinctly marked only in comparison with the hydrology of shallow bays
and the open waters of the fjord. In the bays lower salinity was observed
and higher vertically gradients of temperature and salinity. This was caused
by chute of water from glaciers and streams. .

The distribution of the temperature and salinity in the Isbjérnhamna
shallow glacial bay follows a specific course at the sampling station No. 2
(Fig. 4). During the measurements carried out in June water temperatures
were below freezing point. The most characteristic feature in the distribution
of temperatures was the occurrence of a water layer, about 7 m wide, showing
the lowest temperature. A strong stratification of salinity was observed in
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Fig. 4. Temperature (1), salinity (2) and suspended matter (3) in the waters of the Horn-
sund Fjord (station No. 2)
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the bay. At the surface of the bay salinity was 240/, increasing rapidly
downwards up to nearly 340/, at the depth of 2m deep. In September
salinity stratification was less gistinctly marked but this might have been
caused by a strong mixing of the waters by the wind during the time of
the measurements. '

The measurements carried out in June showed saturation of water with
oxygen ranging from 369 to 1099,. A relatively high saturation of water
with oxygen was noted in the foreground of the fjord — at the station No. 1
over 949, throughout the vertical section from the surface to the bottom
and at the station No. 5 over 85% to the depth of 50 m deep (Fig. 5).
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Fig. 5. Saturation of water with oxygen and concentration of nutrients in the waters of
the Hornsund Fjord (station No. 5) on 28 June 1979
1—POy'—P, 2—NO;-N, 3—NH{ —N, 4—Si, 5—O0,.

At the remaining stations lower values were recorded. In the shallow bays
the maximum saturation of water with oxygen was 729 (station No. 2,
Fig. 6) and 609 (station No. 3), the minimum values were 589, and 46,
respectively. The lowest saturation value — 369 was noted at the station No. 4,
at the depth of 50 m. The values of oxygen dissolved in water are rather
unexpected. Maybe it was due to the fact that measurements were made
shortly after the permanent ice-cover drifted away from the fjord.



Physico-chemical characteristic of waters ’ 49

NH, -N (pgat- 1)

09 10 u_ 12 13
T T T T T

NOj -N (pgat ")

01 02 03 04 05 06
T T T T T T

PO; - P (ugat-1")

06 07 08 09 10 N 12 13 14
T T T T T T

Si (ugat- 1)

A 5 6 7 8 9
T T T T T T

—qw

Oxygen saturation (%)

50 60 70 80 90
. T /'/\'

Depth (m)

Fig. 6. Oxygen saturation and concentration of nutrients in the waters of the Hornsund
Fjord (station No. 2) on 28 June 1979
Explanations see Fig. 5.

In June quantities of suspended matter ranged from 21 mg.l-! at the
surface of the Isbjornhamna Bay (station No. 2, Fig. 4) to 11 mg.I-! in
the foreground of the fjord (station No. 1). At all the stations stratification
was insignificant. The water of the stream contained great quantities of
suspended matter. The quantity of suspended matter in the water of the
stream falling into Goshamna Bay (station No. R3) was 56 mg.I-1. In
September much higher quantities of suspended matter were recorded. In
the Isbjornhamna Bay (station No. 2, Fig. 4) the quantity of suspended
matter at the water surface was up to 65 mg-I-I. At the remaining stations
the content of suspended matter ranged from 26 to 16 mg-1-1. Well-marked
increase in the quantity of suspended matter in September, as compared
with the results from the measurements carried out in June, is a sign of
seasonal changes in the quantity of suspended matter. It occurs in all
probability in consequence of the seasonal chutes of water from the land.

Mean concentrations of inorganic nitrogen, inorganic phosphorus and
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silicon in the open waters of the fjord were at the time of measurements:
mitrites 0.1 pgat NO, — N-.1-!, ammonium 0.35 pgat NH; — N.1-I, phosphates
0.3 ugat PO’ —P-1-1, silicon 5 pgat Si-I-1.

In the coastal zone higher concentration of nutrients was observed.
It was caused by supply of these compounds by streams and runoffs from
the land. The concentration of nutrients in the river falling into the Goshamna
Bay (station No. R3) was as follows: nitrites 0.62 pgat.-1-!, ammonia
1.96 pgat-1-1, phosphates 1.51 pgat-1-1, silicon 46 pgat.-1-1. In the Isbjorn-
hamna Bay (station No. 2, Fig. 6) a well-marked vertical stratification of
the content of these substances was observed. The surface water layers are
richer in nutrients than those below the depths of 5m. At the bottom
an increase in the content of nutritive substances, except ammonia and silicon
compounds, is noted -again. In the waters of the fjord at the station
No. 5 (Fig. 5) only insignificant fluctuations in the concentration of these
compounds were observed in the vertical cross-section.

The average concentrations of the determined metals were at all the stations
in the range of: lead — 0.06—1.15 ppb, cadmium — 0.04—0.13 ppb, zink —
8.2—16.8 ppb, copper 0.6—2.5 ppb, and nickel — 0.6—0.8 ppb. Only insigni-
ficant fluctuations in the vertical distribution of the content of all the
determined metals were observed as well in June as in September.

4. Summary

In the summer 1979, measurements of the temperature, salinity and oxygen, suspended
matter, nutrients and metals content in water were carried out in the Hornsund Fjord.
Great differences in the distribution of temperature and salinity were found within the different
periods of the measurements.

In June, there was no distinct stratification in the vertical distribution of salinity
(Figs. 2 and 4). Salinity of the waters below the depth of 10 m downwards was over 34.50/, .
Water temperatures throughout the fjord were below freezing point (Figs. 2 and 4). In
September, water temperatures above freezing point were noted in nearly the whole mass
of the fjord waters (Figs. 2 and 4). Temperatures below freezing point were observed only
in a several meter-wide water-layer at the depth of about 50 m deep (Fig. 2).

The measurements of oxygen content carried out in June gave unexpected results.
Saturation of water with oxygen ranged from 369, to 109% (Figs. 5 and 6). The distribution
of suspended matter showed great variability in time and space. The greatest quantities of
suspended matter were found in the shallow glacial bays averaging at the water surface
up to 65mg.I-1 (Fig. 4).

5. Pe3rome

Jletom 1979 roma nmpoBeaeHo B ¢uopae XOpHCYHI U3MEpPEHUS TEMIEpaTyphl, COJEHOCTH
a TaKXe COJNEpXaHMs KHUCJIOpOJa, B3BECH, OMOrEHMYECKHX COJIeH M MeTayiel B Boe.
B pacMenieHnH TeMnepaTypbl M COJEHHOCTH KOHCTaTHPOBAaHO OOJbLIOE PAa3HUIBI B OTHEJb-
HBIX HU3MEpUTENIbHBIX nepuonax: B uioHe He ObUIO 4€TKOW cTpaTHdUKaLUU CONEHOCTH BOI.
Conénocts Boabl HuUXe 10 M raybunsl nepexoauna 34,5°/,.. TemmnepaTypa BOoAbl BO BCEM
¢uopne 6buta orpuatesnbHOM (puc. 2 u 4). B cenTabpe moutu BO Bced Macce BoA ¢uopaa
HaOJII0JaIUCh TOJIOXKHUTEIbHBIE TeMmnepaTypbl (puc. 2 u 4). OTpuIaTeabHble TeMIEPaTypbl
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BBICTYIIAJM TOJBKO B CJIOE BOJ Gosblie JECATH METPOB Ha IJIyOMHE OKOJIO 50 M (puc. 2).
HeoxunaHHble pe3yJbTAaThl JaJi H3MEPEHHsS COJAEPKAHHS KHUCIOPOAA, KOTOpbIC MPOBEACHO
B mione. Hacwlenne kucnopoma M3MeHsuioch ¢ 36 9 mo 109% B 3aBHCUMOCTH OT [JIyOHHBI
H DAcHONOXEHHs HM3MEPHTEIbHOro mNyHKTa (puc. 5 u 6). Pa3MeilueHne B3BECH YKasblBaslo
Ha GOJBLIYIO NEPEMEHYHBOCT TaK BO BPEMEHMM KaK M B MNpPOCTpaHCTBe. bBosblue Bcero
3aBEIIEHHON MaTepuM ObUIO B HErjayOOKMX 3ajMBax, r[€ OTMEYCHO HAa IMOBEPXHOCTH BEJIHYUHBI
o 65 mr-n~! (puc. 4).

6. Streszczenie

Latem 1979 roku wykonano w fiordzie Hornsund pomiary temperatury, zasolenia oraz
zawartosci tlenu, zawiesiny, soli biogenicznych i metali zawartych w wodzie. W rozkladzie
temperatury i zasolenia stwierdzono duze réznice w poszczegdlnych okresach pomiarowych.
W czerwcu brak bylo wyraznej stratyfikacji zasolenia wod (rys. 2 i 4). Zasolenie wody po-
nizej 10 m glebokosci przekraczato 34,50/,,- Temperatura wody w calym fiordzie byta ujemna
(rys. 2 1 4). We wrzesniu, w prawie calej masie wod fiordu obserwowano temperatury do-
datnie (rys. 2 i 4). Temperatury ujemne wystepowaly tylko w kilkunasto-metrowej warstwie
wody na glgbokosci okoto S0 m (rys. 2). Niespodziewane wyniki daty pomiary zawartosci
tlenu, ktére przeprowadzono w czerwcu. Nasycenie wody tlenem wahato si¢ od 36% do 109%
(rys. 51 6). Rozktad zawiesiny wykazywal duza zmienno$¢ zarowno w czasie jak i w prze-
strzeni. Najwigcej materii zawieszonej bylo w plytkich zatokach lodowcowych, gdzie notowano
na powierzchni wartosci od 65 mg-I1-1 (rys. 4).
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