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ABSTRACT: In 25 krill samples (Euphausia superba) collected at the Scotia Sea
and in the area of South Georgia, South Orkney and South Sandwich Islands, Antarctic
Peninsula and the eastern part of the Bellingshausen Sea the concentrations of Cd, Pb.
Zn, F, °°Sr, '¥Cs, U and 23“-2*°Pu has been determined. The corresponding average
concentrations were found to be: Cd —2.5, Pb— 34, Zn— 123.1, F— 50 (ppm dry
weight), 90Sr — 1.9, 137Cs — 4.7 (mBq-—1 dry weight), U—11.1

and 239-240Pu — 0.08 (mBq-g-!1 dry weight).
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1. Introduction

The antarctic krill (Euphausia superba Dana) is an important link in the

food chains of fish, calamaries, birds and mammals of the Antarctic.
Krill is a planktonic filtrator and in certain situations it may be treated

(ppb dry weight)
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as a bioindicator. It is also important as a potential sources of protein. This
paper is aimed at the determination of the Cd, Pb, Zn, F, 90Sr,

137Cs, U and 239:240Pu content in krill from the regions of the Scotia Sea,
Weddell Sea and Bellingshausen Sea.

2. Terrain, material and methods

The concentrations of krill were located in the following regions:
South Sandwich, South Georgia, South Orkneys, Joinville, Elephant and
King George Islands and in regions of the Palmer Archipelage, Bisco
Archipelago and on the Bellingshausen Sea, between latitude 52—69°S
and longitude 92—26°W (Fig. 1). The material was gathered during the
IV Polish Marine Antarctic Expedition on r/v “Profesor Siedlecki™ of the
Sea Fisheries Institute in the period of 16 December 1978 to 30 March
1979 (Soszka 1979). The krill samples were collected by a bongo type
plankton sampler and with a pelagic-trawl with a krill adapter. A total
of 25 samples, consisting of 500 individuals each, were analysed. Samples
were dried in 105°C directly after collecting, on board. The ashing at
450°C and all chemical analyses were performed in the Central Laboratory
for Radiological Protection (CLOR). Radiochemical methods described in the
CLOR Report 110/D (Bilkiewicz, ed. 1978) were used for the determination
of 90Sr and 13!Cs. Samples of krill were analysed for fluoride using a se-
lective fluoride electrode method. Concentration of Pb was determined
colorimetrically on the Unicam SP-500 spectrophotometer after the ditizon
extraction. Concentrations of Cd and Zn were determined by flame absorption
atomic spectrophotometry (IL 353 spectrophotometer). The erros of determi-
nation were: Cd —20%, Pb—10%, Zn—35%, F—10%, 9Sr—up to
100°,. 137Cs — 20—60%, U — 107, and 239-240Pu — 10%. All results were
above sensibility of methods. The obtained results for dry weight of
samples were expressed as ppm and ppb and in mBq-g~!.

3. Results and discussion

The ranges of the heavy metals concentrations in krill were as follows:
Cd 12—4.6 ppm, Pb 0.8—11.5 ppm and Zn 65.0—370,0 ppm, the average
concentrations were: Cd — 2.5 ppm, Pb — 3.4 ppm and Zn — 123.0 ppm.
Apart from few exceptions there was no geographical differentiation of .the
heavy metal concentrations in the studied regions in krill (Table I).
A higher level of Pb was noticed only in the region of King George
"Island and Bellingshausen Sea, the Cd concentrations were slightly higher in
the regions of Elephant Island, Peter I Island and Bellingshausen Sea.
We found lower content of heavy metals in flesh of krill than in the
chitin, the following values were, respectively: Cd —0.7 and 1.9 ppm,
Pb—22 and 42 ppm, Zn—26.9 and 46.3 ppm. The krill females had
a little higher content of Pb, the same of Cd and lower one of Zn
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1. The distribution of stations for collection the krill samples in Scotia Sea and
adjacent waters in summer of 1978—1979;
in circles numbers of stations
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than the males. The 137Cs concentration in krill varied from 1.2 to 6.7 mBq-g!
dry weight, the mean was 4.7 mBq-g ! dry weight, for 90Sr these values
were 0.7—2.7 mBq-g ! and 1.9 mBq-g~! dry weight, respectively. The
content of U varied from 4.9 to 19.7 ppb, with mean of 11.1 ppb.
Corresponding values for 239, 240Pu were 0.01 to 0.15 and 0.08 mBq-g™!
dry weight. The concentration of F in whole krill reached about 50 ppm
drv weight.

The studies of heavy metal content in marine animals caught by industrial
methods are carried out for a long time, already. Particular metals are
elaborated in great details. However, these studies deal mainly with mercury,
cadmium, lead and selenium, which receives much attention in the last years.

The studies of radioactive substances have much shorter tradition,
although the fish and marine waters were relatively well known from this
point of view (Polikarpov 1964, 1966, Duursma 1972 and AndruSajtis
et al. 1973). The studies of the krill from this point of view were
only fragmentary ones (Tolka¢ and Gromov 1975, Tolka¢, Gromov
and Spicyn 1975, Tolka¢ and Gromov 1976, Beasley et al. 1978,
Jagielak and Pietruszewski 1979, Kucharczyk et al. 1979, Soszka,
Grzybowska and Suplinska 1979, Soszka et al. 1980 a, 1980 b).

Comparing the mean content of Zn and Pb in krill with the Polish norm
for meat (50 ppm and 2 ppm fresh weight, respectively)!) they were
found to be small. The content of Cd is slightly higher when compared
with the limit used in Poland (0.2 ppm fresh weight, Nabrzyski 1979).
The mean Cd concentration in krill is lower than found previously by
Polish workers (Table II, Soszka, Grzybowska and Suplinska 1979)
the Pb concentrations are similar (Kucharczyk et al. 1979) and Zn — lower
(Jagielak and Pietruszewski 1979, Kucharczyk et al. 1979, Soszka,
Grzybowska and Suplinska 1979). It was found that the concentration
of Cd, Pb and Zn in various species of pelagic antarctic crustaceans
are different (Suplinska and Soszka, unpublished data). It was suggested
that so ‘low concentrations of Cd, Pb and Zn should have no toxic
efect (Stoeppler and Brandt 1979).

The present data on the mean concentrations of radioisotopes in krill
are higher for U than the previously obtained values (1.6 ppb, Soszka,
Grzybowska and Suplinska 1979, Table 1I), similar for 137Cs concen-
trations (4.7 mBq-g~! dry weight and 3.3—3.4 mBq-g~! dry weight) and
higher for 90Sr (1.9 mBq-g™! dry weight and 0.7 mBq-g™! dry weight).
The concentrations of 90Sr and 13!Cs in plankton of the Baltic Sea are
an order of magnitude larger (Kuzma, Nakonieczny and Taper, unpublished
data).

The interest in krill as a potential source of protein is thus reflected
in papers on the level of toxic substances in it. In USA krill used for
protein is treated in a specific way. There are four lines of preparation:
krill must be prepared for further elaboration during the four hours after
catching, — the chitin must be separated immediately, — krill flour for cattle

1) According to Regulations issued by Public Health Ministry of Poland, of Sept. 15, 1971.
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Table 11
Concentration of radioisotopes and heavy metals in krill (Euphausia superba Dana) and in
the krill flour from the Antarctic region (1977%*)

Comparison Whole krill with shells Fluor krill
Fements — oy pCi- 100 g pCi-g-! Method of measurement
905y 049—1.82 radiochemical
137 ¢ 0.40—0.51 »
908y 19447 5
1370 88+40— 92+48° "
210pp 99+42—418+98 -
210pg 55+1.5—164+3.1 ’
226Ra 442425 "
Th 793 i fluorometric
U 1.58 ”
Cd 1.66—9.00 atomic flame photometry
Pb 1.67—1.78 colorimetric
Zn 950 atomic flame photometry
Ca 8750.0

”»

*) after Soszka, Grzybowska and Suplinska (1979).

is made from pure flesh,— the permissible contribution of krill meat
in the food for human population is about 5% (Bogucki, personal
communication). Soevik and Brackkan (1979) found the fluorine content
in krill: whole krill — 2400 ppm dry weight, muscle — 570 ppm dry weight
and carapace — 4260 ppm dry weight. The American Limit for meat for
F is 100 ppm (Soevik and Brackkan 1979). Results of F determination
in whole krill obtained by Soevik and Brackkan (1979) 2400 ppm dry
weight are much higher than those obtained by us. Perhaps our results
are lower because of methodological errors during digestion. Szewielow
(1980) as well as Soevik and Brackkan (1979) found much higher
F concentration in the shell (carapace) of krill in comparison with its
muscle meat. Informations about the harmful effects of F in krill has been
reported in literature unanimously (Szewielow 1980). ' The utilization
of krill for our purposes is for us a complicated problem. However,
it seems that the question should be: what is the way of krill utilization,
but not: should we utilize it or not. The utilization must be safe from
the point of view of fluorine, heavy metals and toxic organic compounds
and some others contamination factors.

Numerous attempts of the utilization of krill in the diet of various
animals have been made. E.g. in Poland krill was fed to the carp (Gacek
1979), to the carp fry (Dabrowski and Dabrowska 1978), to the
salmonids (Trzebiatowski, Domagata and Filipiak 1979), to the poultry
(Gawecki et al. 1979), pigs (Horbowska and Dobrzycka 1979) and
torodents (Pastuszewska and Wytuda 1979). Only the feeding of salmonids
. with krill was successful, in other species adverse effects were observed.
There are certain problems which need to be explained: were all the
experiments carried out properly, is it only the fluorine which influences the
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fed animals negatively, — did the chitin fragments of krill caused the negative
effect, — is there a physiological barrier in domestic animals for assimilation
of krill food?

It is commonly known that in the antarctic waters krill is a main food
link for birds, mammals, fish and calamaries. It seems that the krill
problem is still not answered and it needs further complex studies.

The authors are grateful to the Sea Fisheries Institute for making possible the collection
of krill ‘with the modern methods and for giving an access to the broad hydrological
and biocenotical data from the IV Polish Marine Antarctic Expedition on r/v “Profesor
Siedlecki” in 1978/1979, especialy to Mr. Zbigniew Witek, Mr. Stanistaw Soloniczyk and to
Mr. Alfred Grelowski. Determination of fluorine by Dr. Marek Trojanowicz is kindly acknow-
ledged. Mr. Adam Adamczyk and Mrs. Krystyna Trzciatkowska are acknowledged for their
technical help.

4. Summary

The concentrations of Cd. Pb, Zn. F, 90Sr, 137Cs, U and 239-240Pu were determined
in 25 krill samples (Fuphausia superba) collected at the Scotia Sea, Weddell Sea and
Bellingshausen Sea. The average values of the above elements were, respectively: 2.5, 3.4,
123.1, 50.0 (ppm dry weight), 1.9, 4.7 (mBq-g”! dry weight), 11.1 (ppb .dry weight)
and 0.08 (mBq-g~! dry weight) (Table I).

The results of feeding krill to the vertebrates of our climatic zone were in the majority
of cases not encouraging, except for the salmonides, although krill in the antarctic waters is the
major food for mammals, birds, fish and calamaries. It seems, however, that the krill problem
is still not answered and it needs further complex studies.

5. Pe3rome

Omnpeneneno copepxanue Cd, Pb, Zn, F, 98Sr, 137Cs, U u 239'240Pu B 25 npobax KpbLis
(Euphausia superba) cobpanubix B Mope Ckortus, Mope Benmenna u Mope Besunrcxaycena.
Cpenune BenMYMHBI B.y. 3JIEMEHTOB paBHAIoTCs: 2,5; 3,4; 123,1; 50,0 (ppb cyxo#t Macchl)
u 1,9; 47 (mBq-g~! cyxoit Mmacce), 11,1 (ppb cyxoit maccer) u 0,08 (mBq-g~! cyxoii
maccel) (Tabauua I).

WTorn xopmiieHHs KpbUIEM MO3BOHOTHBIX HAllle KIMMATHYECKON MOJIOCH B GOJBIIMHLCTBE
ciyyaeB ObLTH HEYJauyHBIMH, 33 HCKJIIOYEHHEM JIOCOCEBBIX HECMOTpPS HA TO, YTO B AHTAPKTH-
YECKHX BOJAX KPBITh SABJIACTCSA TJIABHOM NHUIIEH MIEKONMTAIOMIMX NTHL, PO U KaJbMapoB.
3aTeM, KBKETCH, BONPOC KpbUIS SBJISETCS BCE BpPeMs OTKPHITHIM U TpebyeT nanbHEHIImMX
KOMILJIEKCHBIX HCCJIEIOBaHHIA.

6. Streszczenie

Okre§lono zawarto$¢ Cd, Pb, Zn, F, °°Sr, '37Cs, U i 23% 24Py w 25 prébach
kryla (Euphausia superba) zebranych na Morzu Scotia, Morzu Weddella i Morzu Bellingshausena.
Srednie zawartos$ci powyzszych pierwiastkOw wynosza odpowiednio: 2,5, 34, 123,1, 50,0
(ppb suchej masy), 1,9, 4,7 (mBq.g™' suchej masy), 11,1 (ppb suchej masy) i 0,08 (mBq.g™!
suchej masy) (tabela I).
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Wyniki skarmiania krylem kregowcow naszej strefy klimatycznej w wigkszosci przypadkow

byly niefortunne, z wyjatkiem lososiowatych, mimo iz w wodach antarktycznych kryl jest
glownym pokarmem ssakéw, ptakow, ryb i kalmaréw. Wydaje si¢ zatem, ze problem krylowy
jest nadal otwarty i wymaga dalszych kompleksowych badan.

7.

10.

11.

12.

13.
14.

15.

18.

References

. Andrusajtis E. P., Polikarpov G., Fleishman D., Leinerta M. 1973 — Radio-

ekologija vodnych organizmov — Izdatelstvo Zinatna, Riga, 339 pp.

. Beasley T. M., Heyraud M., Higgo J. J. W,, Cherry R. D., Fowler S. W. 1978 —

210Po and 210Pb in zooplankton fecal pellets — Marine Biology, 44; 325—328.

. Bilkiewicz J. ed. 1978 — Procedurs for radiochemical and chemical analysis of environ-

mental and biological samples — Report No. CLOR-110/D, Warszawa, 135 pp.

. Dabrowski K., Dabrowska H. 1978 — Proba zastosowania kryla w zywieniu narybku

karpia — Gosp. Ryb., 4: 20—21.

. Duursma E. K. 1972 — Geochemical aspects and applications of radionuclides in the

sea — Oceanogr. Mar. Biol. Ann. Rev., 10: 137—223.

. Gacek K. 1979 — Badanie przvdatnosci maczki krylowej w zywieniu karpi towarowvch —

Studia i Materiatv. MIR, Gdynia, 1, 2: 304—313.

. Gawecki K., Lipinska H.. Konarkowski A., Stachowiak M. 1979 — Zastosowanie

maczki krylowej w zywieniu brojlerow  Studia i Materialy, MIR. Gdvnia. 1. 2: 228 236.

. Horbowska A., Dobrzycka M. 1979 — Ocena przydatnosci maczki krylowej jako

surowca w mieszankach przemystowych dla trzody chlewnej — Studia i Materialy, MIR,
Gdynia, 1, 2: 154—168.

. Jagielak J., Pietruszewski A. 1979 — Pierwiastki wystgpujace w krylu w ilosciach

sladowych oznaczane metodami spektrometrii promieniowan jonizujacych — Studia i Ma-
terialy. MIR. Gdvnia, 1. 1: 449 457.

Kucharczyk W., Aleksandrowicz J., Rakusa-Suszewski S., Dobrowolski J,,
Kajfosz J,, Szymczyk S., Koralewski J. 1979 — Badania nad zawarto$cia selenu
w pelagicznym skorupiaku (Euphausia superba Dana) oraz w innych sktadnikach pokarmowych
przeprowadzone metoda “Pixe” (Proton induced x-ray emission) — Studia i Materialy,
MIR, Gdynia, 1, 1: 485-—494.

Nabrzyski M. 1979 — Zanieczyszczenia zywnoSci metalami cigzkimi — Bromat. Chem.
Toksykol., 12, 4: 411—419.

Pastuszewska B., Wyluda E. 1979 — Wplyw stosowania maczki krylowej w zywieniu
szczurOw hodowlanych na stan ich zdrowia i wyniki rozrodu - Studia i Materialy,
MIR, Gdynia. 1. 2: 117 126.

Polikarpov G. G. 1964 — Radioekologija morskich organizmov — Atomizdat, Moskva,
295 pp.

Polikarpov G. G. 1966 — Radioecology of aquatic organisms — Amsterdam, New York,
314 pp.

Soevik T., Brackkan O. R. 1979 — Fluoride in antarctic krill (Euphausia superba)
and atlantic krill (Meganyctiphanes norvegica) — J. Fish. Res. Board Can., 37, 11: 1414—1416.

. Soszka G. J. 1979 — Analiza zawarto$ci metali cigzkich i substancji radioaktywnych

w $rodowisku Antarktyki (In: Sprawozdanie z Badan IV Polskiej Morskiej Ekspedycji
Antarktycznej w sezonie 1978/1979) — MIR, Gdynia, 2: 45—51.

. Soszka G. J., Grzybowska D., Suplinska M. M. 1979 — Stezenie radioizotopow

i metali cigzkich w krylu antarktycznym — Studia i Materialy, MIR, Gdynia, 1, I:
438—448.

Soszka G.J., Baranski A., Grzybowska D., Sawicki M., Suplinska M.M,,
ZawistowskiB. 1980a - Zawarto$¢ metali ciezkich i radioizotopow w krylu antarktyvcznym



Trace metals, fluorine and radionuclides in krill 117

20.

(Euphausia superba Dana) (In: Wplyw zanieczyszczenia pierwiastkami Sladowymi 1 siarkg
na przyrodnicze warunki rolnictwa) — IUNG, Pulawy, 1: 67—71. .

. Soszka G.J., Baranski A., Grzybowska D., Sawicki M., Suplinska M.M.,,

Zawistowski B. 1980b — Zawarto$¢ metali cigzkich i radioizotopéw w rybach antarktycz-
nych (In: Wplyw zanieczyszczenia pierwiastkami §ladowymi i siarka na przyrodnicze
warunki rolnictwa) — IUNG, Pulawy, 1: 61—67.

Stoeppler M., Brandt K. 1979 — Comparative studies on trace metal levels in marine
biota. Trace metals in krill, krill products, and fish from the antarctic Scotia Sea —
Z. Lebensm. Unters. Forsch., 169: 95—98.

. Szewielow A., 1981 — Fluorine in krill (Euphausia superba Dana) — Meeresforsch

28 (4): 244—246.

. Tolkaé¢ V.V., Gromov V.M. 1975 - Pogloi¢enic %Sr krilem — Okeanologija. 15:
639--642.
. Tolka¢ V.V, Gromov V.V. 1976 — Poglo¢enie ittrija-90 krilem — Okeanologija,
16: 1015—1019.

24. Tolka¢ V. V.. Gromov V. V., Spicyn V. 1. 1975 — Issledovanie poglosiienija 137Cs

krilem — Dokl. Akad. Nauk SSSR, Biologia, 220: 223--226.

. Trzebiatowski R., Domagata J.,, Filipiak J. 1979 — Wykorzystanie maczki krylowej

w zywieniu pstragow teczowych — Studia i Materialy, MIR, Gdynia, 1, 2: 313—329.

Paper received 4 October 1980

AUTHORS' ADDRESS:

Dr Grzegorz Jan Soszka

Mgr Maria Malgorzata Supliniska
Mgr Andrzej Baranski

Dr Danuta Grzybowska

Mgr inz. Andrzej Pietruszewski
Centralne Laboratorium

Ochrony Radiologicznej
Konwaliowa 7,

03-194 Warszawa, Poland





