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Abstract

Distribution of radium-226 in the southern Baltic was investigated. Surface and near-bottom 
sea-water samples as well as sediment samples were collected at 22 stations in July 1981. Radium- 
-226 was determined by the emanation method. The average radium-226 activity in the southern 
Baltic waters was 1.8 m B q-dm -3 (0.5-10-13 g-dm -3); activity in sediments was more different
iated and ranged from 3.6 to 47 mBq-g-1 of dry matter (1 to 13-10—13 g-g-1), depending on 
the kind of sediment. A highly significant positive correlation between salinity and radium con
tent, both in bottom waters and in sediments was found.

1. Introduction

Radium in the marine enviroment was the subject of a number of publications, 
but still there is a need for information on the marine biogeochemistry of this ele
ment. The papers have dealt mainly with 226Ra, the isotope of the longest half-life. 
Besides, the majority of the studies was performed in the ocean environment and 
not in the sea environment (GEOSECS Program, 1973-1979; Kowalewska, 1984). As 
far as the Baltic is concerned, only scarce information about 226Ra distribution is 
available (Koczy, Tomic, Hecht, 1957).

This work presents the results of analysis of 226Ra content in water and sediment 
samples collected in the southern Baltic. During the cruise the in situ measurements 
of salinity, temperature and oxygen content were carried out simultaneously with the 
sample collection.

The sediment analysis included also determination of organic carbon, iron, 
manganese, barium and opaline-silica, macro- and microscopic description as well 
as grain-size analysis of the samples.

* The investigations were carried out under the research programme MR.I.15, coordinated 
by the Institute of Oceanology of the Polish Academy of Sciences.
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2. Experimental

2.1. Sampling

Samples were collected in July 1981 duting the cruise of r/v ‘Profesor Siedlscki* 
(location of sampling stations —see map in Fig. 1).

20 dm3 surface and near-bottom (~ 2 m  above bottom) water samples were 
collected in acid-rinsed and then equilibrated with sea-water polyethylene containers.

Fig. 1. Location of sampling stations

Water was filtered aboard within twelve hours since sampling, through a Whatman 
GF/C glass-fibre filter which, as it had been tested, did not contain or sorb from a 
sea-water sample measurable amounts of radium. The filtered samples were acidified 
to p H = 2  with concentrated H N 0 3 and stored in polyethylene containers until 
further analysis.

Sediment samples were collected from the top 5 cm layer of the material, taken 
by a grab sampler, in polyethylene bottles and stored at 4°C.



2.2. Apparatus

226Ra activity was determined by the emanation method, using the apparatus 
constructed in the Institute of Oceanology (scheme — see Fig. 2). Glass bubblers and 
scintillation cells weie similar to those used in the Central Laboratory for Radiological 
Protection.

Fig. 2. Scheme of measuring apparatus
1 — photomultiplier, 2 — resistance, 3 —amplifier, 4 — discriminator and modulation, 5 —system 
start-stop, 6 —counter, 7 —high voltage generator

Atomic absorption spectrometry measurements were carried out using an instru
mental laboratory spectrometer, Type 151.

A Sartorius balance Type 4610 was used for the grain-size analysis o f sediments.

2.3. Procedures

2.3.1. ” ®Ra determination in water

Radium from water samples was isolated by coprecipitation with aluminium 
phosphate, with an addition of Pb (II) carrier (Koide, Bruland, 1975). The gelatineous 
precipitate was dissolved in concentrated H N 0 3 and radium was reprecipitated with 
barium sulphate. Next, barium sulphate was dissolved in the hot alkaline (0.1 M) 
solution of EDTA disodium salt to the final volume of 25 cm3. The yield of radium 
precipitation was determined in every sample by atomic absorption spectrometry 
measurement o f Pb (II) and Ba carrier recovery, first in the acid H N 0 3 solution, 
second one in the alkaline EDTA solution. Then the sample was transferred into a 
bubbler and de-emanated with argon. The tightly closed bubbler was stoxed for at 
least ten days. After this time 226Ra formed in the bubbler was de-emanated with 
argon into the scintillation cell and activity of the sample was determined.

The mean analytical error of the method was ±10%.



2.3.2. Ra-226 determination in sediments

A sediment sample (1 + 4  g) dried at 110°C and homogenized in the agate mortar 
was mineralized in the platinum crucible with the use of concentrated acids (3 • 10 ml 
40 % HF, after each portion 1 cm3 HCIO*, heated to the white fumes, at the end 
3-1 cm3 HC104). The final product of mineralization was dissolved in 2 cm3 of con
centrated HC1 and diluted with redistilled water to 100 cm3. Four sediment samples 
were extracted before mineralization with 8 M H N 0 3 on a water bath for 8 hours. 
After separation of the extract, the residue was mineralized as above. Radium was 
precipitated from the obtained solution as well as from the extract with barium sul
phate, similarly as in the case of sea-water sample. Further procedure was also iden
tical.

2.3.3. Determination of organic carbon, iron, manganese, 
barium, and opaline-silica (in sediments)

Organic carbon was determined by the chromic acid titration method (Goudette 
et ah, 1974). The error of the method is estimated at ± 3%  (Forstner, Wittman, 
1981).

To determine the iron, manganese, and barium level the samples were mineralized 
according to the same procedure as in radium analysis. Then, the obtained solu
tion was tested by atomic absorption spectrometry method.

The determination of opaline-silica was as follows: a sample (0.2-0.4 g) dried at 
110°C was gently heated with the addition of 25 cm3 of water and 4 cm3 of 5 % potas
sium persulphate alkaline solution, in a platinum crucible on a sand bath. Silicate 
was determined by the standard spectrophotometric method (Grasshoff, 1976) based 
on formation of the yellow silicomolybdic acid, reduced to the blue complex with 
ascorbic acid.

2.3.4. Grain-size analysis

An organic matter in a wet sediment sample was destroyed by an addition of 
H 20 2. After total destruction of the organic matter, the sample was dried at 60°C. 
The dried sediment sample was washed with distilled water through a sieve of 
0.063 mm. The fraction of grain size smaller than 0.063 mm was dried again at the 
same temperature and 0.5 g of the sediment was taken for sedimetrical analysis 
using a sedimentation balance.

3. Results and discussion

The results of water analysis are given in Table 1. The concentration level of 
radium in surface waters was rather constant, lower concentrations were only the 
Odra and the Vistula estuaries. This might bs caused by the lower concentration 
near in river than in sea-water (Grzybowska et ah, 1983), eg stations 1 and 90. The



Table 1. Ra-226 content in water samples

Depth of 226Ra
sample

station col]ection m Bq.dm -3  . 10-13 

[m] g-dm -3
1 0 1.2 0.35

9 1.3 0.35
2 0 1.1 0.30

10 1.3 0.37
6 0 1.9 0.52

54 1.9 0.53
11 0 1.9 0.52

13 1.9 0.53
16 0 2.2 0.60

93 4.5 1.24
23 0 1.9 0.52

13 1.7 0.48
29 0 1.6 0.45

64 2.2 0.60
35 0 1.5 0.41

15 2.0 0.55
42 0 2.1 0.58

37 2.3 0.62
44 0 1.9 0.52

58 2.0 0.55
47 0 1.7 0.46

17 2.0 0.54
54 0 1.5 0.42

54 1.7 0.47
59 0 1.8 0.49

15 1.9 0.52
66 0 1.5 0.41

92 2.2 0.60
72 0 1.5 0.43

17 1.9 0.52
81 0 2.0 0.56

90 2.0 0.55
84 0 2.0 0.54

83 2.0 0.55
87 0 1.9 0.51

100 2.3 0.62
90 0 1.5 0.40

19 1.9 0.53
92 0 1.2 0.34

12 1.9 0.53
99 0 1.5 0.42

60 2.3 0.62
G-2 0 1.7 0.47

107 2.8 0.77



Table 2. Supplementary data for a sea-water analysis

Station
Salinity [%] Temperature [°C]

Oxygen content [% of 
saturation] Plankton*

surface
water

bottom
water

surface
water

bottom
water

surface
water

bottom
water

[g-m -2 ]

1 6.953 7.401 17.47 14.95 105.86 35.58 -
2 7.517 7.598 15.81 14.85 90.07 81.16 5.65
6 7.813 9.321 16.55 3.43 110.95 59.01 3.45

11 7.877 8.014 13.22 10.57 96.64 87.51 0.33
16 7.835 15.621 16.53 5.86 112.45 1.26 0.0
23 7.762 8.018 15.66 8.87 107.43 78.03 0.10
29 7.853 13.146 15.59 5.37 109.14 14.26 0.0
35 7.773 7.773 15.12 15.11 102.18 101.84 0.0
42 7.785 7.938 14.86 5.53 106.36 79.31 0.0
44 7.976 8.223 15.25 3.27 109.20 79.08 0.0
47 7.822 7.814 16.28 16.25 102.34 101.66 3.47
54 7.722 7.950 14.93 4.38 105.69 78.10 0.0
59 7.784 7.792 16.98 16.58 103.72 96.36 0.0
66 7.793 10.862 15.27 4.62 108.59 9.94 0.0
72 7.865 7.856 16.26 16.04 100.86 99.21 0.0
81 7.772 10.491 14.57 4.37 104.76 11.39 0.0
84 7.797 10.359 15.14 4.30 108.00 12.76 0.0
87 7.589 11.631 15.74 5.04 107.13 3.97 0.06
90 4.931 7.552 17.57 14.60 113.98 59.65 0.0
92 7.338 7.368 16.97 16.25 117.50 95.69 0.30
99 7.153 7.147 17.06 3.67 115.08 73.45 0.75
G-2 7.702 11.693 15.64 5.10 108.70 1.68 0.0

* Plankton determined in surface water, includes phytoplankton: Bacillarophyta and Radiolaria 
(Borysiak, Ringer, 1982).

Table. 3. Ra-226 content in sediment samples

Ra-226 Ra-226
Sta- m Bq-g-1 • lO -^ g -g -1 Sta- m Bq-g-1 -10-13g-g -1
tion of dry of dry tion of dry of dry 

matter matter matter matter
1 3.8 1.06 54 17.1 4.72
2 5.1 1.40 59 5.1 1.41
6 17.4 4.79 66 44.9 12.37

11 5.0 1.39 72 3.1 0.86
16 46.5 12.82 84 11.5 3.18
23 11.3 3.12 87 36.8 10.16
29 31.8 8.76 90 13.5 3.71
35 7.6 2.09 92 6.8 1.88
42 5.1 1.42 99 31.0 8.56
44 13.4 3.70 G-2 30.2 8.34
47 4.5 1.24



Table 4. Characteristics of sediment samples

Sta- Macroscopic description of material taken 
tion by sampler

Microscopically 
determined pre
dominant grain 
size fraction*

%
C o rg

1 fine sand, top layer-mud sand -
2 sand +  black mud silty sand -
6 black ooze+ sand silty sand 0.63

11 fine sand sand -
16 grey-bluish mud clay 4.48
23 sand +  gravel sand/gravel -
29 red clay, sand, gravel, concretions clay 0.40
35 fine sand, gravel, stones silty sand -
42 fine sand sand -
44 sand, top layer-grey mud silt 0.77
47 fine sand sand -
54 sand, gravel, clay, concretions sand/gravel 0.34
59 fine sand+ detritus sand/silt 0.10
66 top layer —black ooze, bottom —clay, H 2S silt/silty sand 0.80
77 sand of various grain size sand -
84 mud silt 1.14
87 black mud, H2S silt/clay 4.86
90 black-olive gre en mud +  sand silty sand 1.01
92 sand+ mud sand/silt -
99 black-grey mud clay 3.67

<3-2 top  layer—black mud, bottom —clay clay 5.19

* sand — > 63 #m; silt —2-63 /¿m; clay — < 2  jum

Table 5. Grain-size analysis of sediment samples

Weight % of fraction 
Station _____________ _____________________________________________

0.063 0.031 0.016 0.01 0.008 0.004 <0.004
6 62.19 20.36 4.74 2.15 1.46 2.48 6.62

16 4.40 9.70 3.49 4.87 3.63 15.06 58.85
66 46.75 11.34 5.06 3.83 2.26 6.84 23.92
90 76.88 6.51 2.78 0.92 0.94 1.75 10.22
99 1.10 13.75 13.10 8.11 4.65 9.94 49.35

G-2 1.64 4.03 2.21 3.64 3.84 10.48 74.16

additional cause of this decrease might be the absorption of radium by plankton 
species occurring in the area. As shows Table 2, phytoplankton species of the classes 
Bacillarophyta and Radiolaria occurred mainly just near the Odra estuary as well 
as in the Gulf of Gdańsk (stations 2, 92, 99) and the fact of fixation of radium by 
the hard parts of plankton is well known in literature (Bishop et al., 1977). At some 
stations the concentration of 226Ra in bottom waters was distinctly greater than 
the surface concentration, eg near the Bornholm Deep (station 16), in the Gulf 
Gdańsk (stations G-2, 87, 99). The difference was also visible in the values of mean 
concentration, which was lower in surface water (1.7 mBq-dm~3) than in bottom



266 Ra content [ -10-13g - g_1]

Fig. 3. Grain-size analysis; Ra-226 in sediments v s /  of 0.01 mm fraction content

waters (2.2 mBq-dm-3). The respective values for off-shore waters were greater 
(1.8 and 2.4 mBq-dm-3) than for near-shore waters (1.5 and 1.8 mBq-dm-3).

The radium concentration in sediments (Table 3) was more differentiated than that 
in water and depended on the kind o f sediment. Table 4 shows the general characte
ristics of the type of sediment, ie macroscopic and organic carbon determination.

Table 6. Ra-226 content in the extracted sediment samples

Station Sample* Ra-226
[•10-13g-g-1 ]

R a(l)
R a(2)-10° O/°*

59 1 0.22 18
2 1.19

66 1 3.02 32
2 9.35

90 1 0.94 34
2 2.77

99 1 2.19 34
2 6.37

* 1 —extracted with 8 M H N 0 3; 2 —mineralized residue

Only pure sandy sediments were not the subject of organic carbon analysis. Besides, 
six samples of sediments were taken for the grain-size analysis with the use of sedimen
tation balance (Table 5).

As it had been expected, the sandy sediments contained much less radium than 
the muddy ones. Radium content in sands was at almost constant level of 5 mBq-g-1  
of dry matter. The samples containing considerable admixture of other than quartz



mineral grains or concretions had higher radium content, eg sediments from the 
stations 23 and 35, but probably the finer fractions are responsible for radium fixa
tion, as it was found that the higher per cent of the fine grains the higher 226Ra 
content; this relation, however, was not strong. The most visible is the correlation 
with the weight per cent of 0.01 mm fraction (Fig. 3). The amount of radium which

Table 7. Iron, manganese, barium and opaline-silica contents in sediment samples

Fe Mn Ba Si
Station [% w t] [% w t] [nag.g-i] [mg .g - i ]

6 1.6 0.019 0.7 2.8
16 4.7 0.098 0.6 10.9
23 0.8 0.021 0.4 —

29 3.6 0.092 1.5 3.3
44 1.3 0.019 0.4 4.6
54 0.9 0.027 0.7 3.7
59 0.5 0.023 0.4 0.5
66 3.1 0.044 0.6 3.3
84 2.2 0.027 0.3 9.0
87 4.1 0.045 0.5 22.4
90 1.3 0.018 0.5 3.8
99 3.7 0.032 0.8 9.9

G-2 5.2 0.079 0.7 15.1

Table 8. Correlation of Ra-226 concentration in sediments with salinity, temperature and content 
of other elements

Correlation of 226Ra Correlation Significance 
in sediments with coefficient (r) level (i°)

water

-salinity [%] 0.83 0.001
t[°C] -0 .6 5 0.01
■o2[%] -0 .7 7 0.001
% Fe 0.84 0.005
% Mn 0.73 0.025
%corg 0.62 ^ 0.1
Si 0.47 <0.1
% Cori> Si 0.66 <0.1

could be extracted by 8 M H N 0 3, ie the amount proportional to the adsorbed radium 
quantity was lower for the sandy sediment than for the muddy sediments (Table 6).

The chemical analysis for iron, manganese and barium content, ie the elements 
which geochemistry is known to correlate with geochemistry of radium, was carried 
out for all the sediments containing considerable fine-grain fractions (Table 7). In 
these samples opaline-silica was also determined to examine the extent of radium 
removal by diatoms from sea-water to sediments.

To check whether there was a relationship between the radium concentration 
in sediments and all the determined quantities, the data were subjected to the linear 
correlation analysis. Table 8 presents these cases in which the correlation was pro



bable. It was highly possible that there was correlation between the iron and radium 
contents (r=0.83 at the 0.001 significance level), more probable than with the manga
nese content. Correlation with organic carbon and silica was not so evident. There was 
no  observable correlation with barium content.

For comparison with the present results the concentrations of 226Ra determined 
for the northwest Atlantic (Broecker et al., 1976) and the Baltic waters (Koczy 
etal., 1957) are given in Table 9. In the water samples collected in 1953 at five stations, 
226Ra concentration was of the same order of magnitude as the values obtained 
in the present study. Koczy et al. found the surface concentrations lower than the 
near-bottom ones (with the exception of the Gotland Deep). The authors attributed 
this increase of activity with depth to that the source of 226Ra for Baltic water was

Table 9. Literature data—Ra-226 concentration in sea-water

Sea Depth
Ra-226 
[ 1 0 - 13 

g-dm -3 ]
Northwest Atlantic Surface Waters 0.4
Ocean* Bottom waters 0.8
Baltic Sea**:

N  59°46, E 19°47 5 m 0.12
100 m 0.46

N  59°24, E 21°36 5 m 0.52
Landsort Deep 45 m 0.20

445 m 0.47
Gotland Deep 40 m 0.60

220 m 0.28
Hälsingborg 5 m 0.12

27 m 0.45

* After Broecker, 1976;
** after Koczy et al., 1957

Table 10. Correlation analyses of the data for water samples

Correlation :Significance
Correlation of coefficient

(r)
level (P)

226R a in
surface water
with: salinity [%] 0.39 <0.1

t[°C] -0 .4 2 <0.1
diatoms -0 .5 0 0.1

a26R a in
bottom water
with: salinity [%] 0.79 0.001

t[°C] -0 .3 6 <0.1
o2[%] -0 .4 7 0.1
Ra-226 sed. 0.68 0.025



23°Th from sediments. Such interpretation of the observed vertical concentration 
gradient was next generally accepted in the marine geochemistry of radium.

In the present woik the correlation coefficient between the radium concentration 
in bottom waters and in sediments was 0.68 at the 0.025 significance level (Table 10). 
It suggested a relationship between these two quantities. However, more probable 
was a correlation between salinity qnd radium content both in bottom waters and in 
sediments (Tables 8, 10). The correlation coefficients were 0.79 and 0.83, respectively, 
both significant at the 0.001 level.

The above correlation with salinity suggests that, apatt from the other sources, 
the water exchange between the North Sea and the Baltic had a decisive influence on 
226Ra concentration level in the Baltic waters. It also seems that radium is precipita
ted from water to sediments mainly with iron compounds.

No correlation was found between salinity of surface waters and the radium con
centration.

4. Conclusions

(i) The average activity of 226Ra in the southern Baltic waters was 
1.8 mBq-dm-3 (0.5-10~13 g-dm -3); 226Ra activity in sediments was more differen
tiated and ranged from 3.6 to 47m Bq-g~1 (1 to 13-10-13 g -g-1) of dry matter, 
depending on the kind of sediment.

(ii) 226Ra content in surface waters was uniform (about 1.7 mBq-dm-3 =  
=0.46-10-13 g-dm -3) and lower than in bottom waters (2.2 mBq-dm-3 =0.60- 
* 10“ 13 g-dm -3).

(iii) There was a highly significant positive correlation between salinity and 
radium content, both in bottom waters and in sediments, so one may conclude that 
the water exchange between the North Sea and the Baltic had a decisive influence on 
226Ra concentration in the Baltic waters.

(iv) A highly significant positive correlation between iron and radium contents 
in sediment samples indicated that radium was precipitated from sea-water to sedi
ments mainly with iron compounds.

Acknowledgements

This work was carried out under the Project M R.I.15.1 wish to thank Mr. Jan Bilkiewicz M. Sc., 
Mrs. D anuta Grzybowska D. Sc., and Mr. Zygmunt Połczyński from the Central Laboratory 
for Radiological Protection for considerable help in adaptation of radium determination method, 
and  the workers of the Technical Section of the Institute of Oceanology, especially Mr. Aleksander 
Dargiewicz, for construction of the apparatus for radium activity determination.
I  am also grateful to  Mrs. Halina Masicka D. Sc. for microscopic description of sediment samples.



References

1. B ish o p  J. K. B., E d m o n d  J. M., K e tte n  D. R., B aco n  M. P., S ilk e rs  W. B., 1977, 
The chemistry, biology and vertical flu x  o f  particulate matter from  the upper 400 m o f  the 
equatorial Atlantic Ocean, Deep-Sea Res., 24, 511-548.

2. B o ry s ia k  M., R in g e r  Z., 1982, Composition and biomass distribution o f phytoplankton 
in the southern Baltic in July 1981, Int. Counc. Explor. Sea, L, p. 61.

3. B ro e c k e r  W. S., G o d d a rd  J., S a rm ie n to  J. L., 1976, The distribution o f  Ra-226 in the 
Atlantic Ocean, Earth Planet. Sei. Lett., 32, 220-235.

4. B u r to n  J. D ., 1975, Chemical Oceanography, Academic Press, London—New York —San 
Francisco.

5. F o r s tn e r  U., W ittm a n  G. T. W., 1981, M etal pollution in the aquatic environment, Springer 
Verl., Berlin—Heidelberg—New York.

6. GEOSECS Program 1973-1979, 1976, Earth Planet Sei. Lett., 32, 217-296.
7. GEOSECS Program 1973-1979, 1980, Earth Planet Sei. Lett., 40, 263-410.
8. G o u d e tte  H. E., F lig h t W. R., T e n e r  L., F o lg a r  D. W., 1974, An inexpensive titration 

method for the determination o f  organic carbon in recent sediments, J. Sedim. Petrol., 44, 
249-253.

9. G ra s s h o f f  K., 1976, Methods o f  seawater analysis, Verl. Chemie, Weinheim.
10. G rz y b o w sk a  D., W a rd a sz k o  T., N id e c k a  J., 1983, Natural radioactivity o f  fresh waters 

in Poland, Pol. Arch. Hydrobiol., 30, 309-318.
11. K o czy  F. F ., T o m ic  E., H e c h t F., 1957, Zur Geochemie des Urans in Osteseebecken, 

Geochim. Cosmochim. Acta, 11, 86-102.
12. K o id e  M., B ru la n d  K. W., 1975, The electrodeposition and determination o f  radium by 

isotopic dilution in seawater and n sediments simultaneously with other natural radionuclides, 
Anal. Chim. Acta, 75, 1-19.

13. K o w a le w sk a  G. 1984, Radium in the marine environment, Studia i M ater. Oceanolog., 
44, 39-62.

14. Procedures for radiochemical and chemical analysis o f  environmental and biological samples, 
[In:] Central Laboratory for Radiological Protection Report, Ed. J. Bilkiewicz, CLOR 110 D, 
Warszawa 1978, 81-89.


