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ABSTRACT: The determination of U and Th was carried out on pooled samples of muscle tissue of 
cod (Gadus morhua), herring (Clupea harengus), sprat (Sprattus sprattus) and some other species of 
fish caught in 1981 in the southern Baltic. The levels of U obtained in the present study are generally 
within the ranges presented by other authors for fish from different aquatic regions of the world. The 
concentrations of U are similar to those found for Th in Baltic fish analysed. The concentration factors 
CFu(Th), discrimination factors DFu/Th and Th/U ratios (by weight) were calculated and discussed. 
These coefficients were also compared with values determined in other Baltic organisms. Transfer of 
U and Th along a food chain from potential prey (diet) to fish as predator (consumer) was quantified 
with a transfer factor. 

INTRODUCTION 

The concentrat ion and distribution of U and  Th in various envi ronmenta l  compo- 
nents, especially in marine food such as plankton,  rnacroalgae, corals, molluscs, crustacea 
and ducks, have been  investigated by several authors (Amiel et al., 1973; Bangera & 
Patel, 1984; Blanchard & Oakes, 1965; Blanchard et al., 1967; Chassard-Bouchaud,  
1982a, 1983; Chassard-Bouchaud & Escaig, 1984; Edgington et al., 1970; Flor & Moore, 
1977; Gvir tzman et al., 1973; Hamilton, 1980; Hodge et al., 1979; Holm & Persson, 1980; 
Kharkar et al., 1976; Knauss & Ku, 1983; Koide et al., 1982; Livingston & Thompson,  1971; 
Miyake et al., 1970; M611er et al., 1983; Omura, 1976; Schroeder et al., 1970; Schwochau 
et al., 1976; Sugimura & Mayeda, 1980; Szefer, 1987; Szefer & Falandysz, 1983; Szefer & 
Wenne,  1987; Thompson & Livingston, 1970; Tsytsugina et al., 1973; Veeh & Turekian,  
1968). A survey of the literature (on the basis of 74 articles) concerning the concentration, 
discrimination and distribution of U in marine biosphere has been  presented by Szefer 
(1989). The migration of natural  a lpha-emit t ing radiormclides in the marine biosphere is 
an interest ing problem from a radioecological and hygienic point  of view. To anticipate 
effects of the causal release of radionuclides from nuclear  power plants to the sea, it is 
important  to unders tand  the mechanisms by which stable isotopes like U and  Th are 
concentrated and transported along the food chain of an ecosystem. Aquatic organisms 
are most likely to be affected by radionuclide release; hence  data on their natural  
concentrations would be helpful as reference values (Edgington et al., 1970). 

There is only limited information available on the concentrat ion and distribution of U 
in marine fish (Aten et al., 1961; Chassard-Bouchaud, 1982b; Hamilton, 1972; Ichikawa & 
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Ohno, 1981; Pent rea th  et al., 1979; Tsytsugina  et al., 1973); a wide  r ange  of levels  of U in 
muscle  of fish has  b e e n  repor ted,  i.e. from < 0.1 to 40 ng/g on a w e t -w e igh t  basis.  
Analysis  of ~32Th resul ted in nega t ive  results; it was computed  that  this i so tope  was  
presen t  in concentrat ions  lower  than  0.5 ng /g  wet  weight  in muscle  of Nor th  Sea  fish 
(Pentreath et al., 1979). Thus, it is impor tant  to know to wha t  d e g r e e  U and  Th are 
incorpora ted  in respect ive  Baltic organisms.  The aim of this p a p e r  is to repor t  the  
concentrat ions of U and  Th in muscle  t issue of some commercia l ly  u t i l ized fish of the 
southern Baltic. In order  to es t imate  the  degree  of concentrat ion,  d iscr iminat ion  and  
transfer  for U and Th in the Baltic environment ,  we ut i l ized and  r eca l cu la t ed  their  mean  
levels ob ta ined  here,  as wel l  as those recorded  previously  for other  r ep resen ta t ives  of 
b iosphere .  

MATERIALS AND METHODS 

The fish was caught  by  pe lag ic  krill  and /or  herr ing trawls in July  1981 dur ing  the 
cruise of the R.V. "Profesor Siedlecki"  and  R.V. "Birkut". The locahzat ion  of the 
sampl ing  sites (fisheries) with the  codes is p r e sen ted  in F igure  1. The  ma te r i a l  has  also 
been  ut i l ized previously  to de te rmine  e ight  t race meta ls  after their  s epa ra t ion  by  an anion 
exchange  p rocedure  (Szefer & Falandysz,  1985). The  U and  Th fractions col lec ted  were  
combined  respect ive ly  to obtain composi te  e luates  equiva lent  to poo led  samples  weights  
of max imum ca 500 g (on a we t  we igh t  basis). The sample  p repara t ion  a n d  detai ls  of the 

~ 

24 

o . o  

. % ~  . 

25  

27  

2 8  

I 

2 6  

-::..'- 

- s 

i o o  �9 

~ ! ' .  ~ �9 "~176 

. j 

5 8  ~ 

0 
57 

0 
56  

0 
5 5  

54  o 

12  ~ 14  ~ 16 ~ 18 ~ 20  ~ 2 2  ~ 
Fig. 1. Location of the sampling areas (fisheries) in the southern Baltic marked by the codes: 
101 Gdafisk Bay, 102 Gdafisk Deep, 103 Wladyslawowskie fishery, 105 Ustecko-Eebskie fishery, 

106 Kolobr~esko-Darlowskie fishery, 108 Slupsk Furrow fishery, 109 Bornholm S fishery 
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analyt ica l  p rocedure  have been  p resen ted  e l sewhere  (Szefer, 1987; Szefer & Falandysz ,  
1983, 1985). Briefly, ashed samples  were  conver ted  into nitrates by evapora t ion  with 
concent ra ted  HNO3. The nitrate salts were  dissolved in 8 M HNO3 and  then  pa s sed  
th rough  an anion exchanger  Dowex 1 x4  (NO~) to adsorb Th, e lu ted  with 10 M HC1. The 
e luent  containing nitrates was evapora t ed  to dryness  and  ni trates conver ted  into 
chlorides by  evaporat ion with concent ra ted  HC1. The chloride salts were  dissolved in 1 M 
HC1 and  al iquot  was des t ined  to de te rmine  some microelements  by  AAS method.  

The remain ing  par t  of the solution was evapora ted  to dryness  and dissolved with  9 M 
HC1. The solution was passed  through an anion exchanger  Dowex 1 x 8 (C1-) to isolate U 
from most of the other  metalhc ions which  were  ana lysed  by  AAS (Szefer & Falandysz ,  
1985). The  U and Th were  de te rmined  spect rophotometr ica l ly  with Arsenazo  III (Szefer, 
1987; Szefer & Falandysz,  1983). The ave rage  limit of detect ion for U and Th was  0.20 ng /  
g w.w. 

RESULTS AND DISCUSSION 

As can be seen from Table  1 the mean  levels of U in the muscle  tissue of cod (Gadus 
rnorhua), herr ing (Clupea harengus) and sprat  (Sprattus sprattus) amoun ted  to 0.30, 0.29 
and 0.44 ng /g  on a we t -we igh t  basis, respect ively.  These  species  con ta ined  similar  
concentrat ions of Th, i.e. 0.41, 0.38 and 0.64 ng /g  w.w., respectively.  A m o n g  the other  
species  analysed,  the muscle levels of U and  Th var ied  be tw e e n  0.22-0.42 ng /g  and 
0.43-1.6 ng /g  w.w., respectively.  Elevated  levels of U occurred in the whole  spec imens  of 
s t ick leback  (Gasterosteus aculeatus) (2.6 ng /g  w.w.). The muscle- levels  of U (BLD-0.65 
ng /g  w.w.) ob ta ined  in this s tudy are comparab le  with the lowest  va lues  of 0.24 and 
0.98 ng /g  w.w. repor ted  by  other  authors (Ichikawa & Ohno, 1981; Tsytsugina  et al., 
1973) for J apanese  and Black Sea fish, respect ively.  

The ratio of Th/U (by weight  i for Gadus morhua, Clupea harengus and  Sprattus 
sprattus is near  unity (on an average  1.37). 

The mean  levels of U and Th in fish and other  Baltic organisms (Table 2) were  
ut i l ized (after conversion: dry to wet  weight)  to calculate  the concentrat ion factor CF: 

CF = (ng U(Th)/g wet  organism)/(ng U(Th)/g seawater)  

To calculate this factor, the average  southern Baltic wate r  da ta  for U and Th were  
t aken  from articles of Szefer (1977) and Bojanowski  & Szefer (1979). The sal ini ty of 
surface water  in this region was b e t w e e n  6.58 and 9.16%o (on the ave rage  7.7 %o). The 
concentrat ion of U ranged  from 0.65 to 1.06 ~g/1 (on the average  0.87 ~g/1) in open  Baltic 
and  from 0.26 to 1.06 ~g/1 (on the ave rage  0.64 ~g/1) in coastal  water.  The correlat ion 
b e t w e e n  the U concentrat ion and the sahni ty  was 0.962; hence  a d e p e n d e n c e  of the  CPu 
upon  the salinity to be  expected.  

Table  3 presents  values  of CFu and CFTh for fish as wel l  as for other  represen ta t ives  of 
Baltic biocenosis.  These  da ta  reveal  that  the  soft t issue of molluscs and  whole  spec imens  
of A/Iesidothea entomon were charac ter ized  by  max imum concentra t ion of U and  Th, 
respect ively,  whilst  in fish the smallest  amounts  of the two e lements  were  concentra ted .  
The mean  CFu and CFTh values  for fish muscle  were  0.5 and 10, respect ively.  For 
comparison,  similar muscle  value  of CPu (0.3) was es t imated  by  other  authors  ( Ichikawa & 
Ohno, 1981) for J a p a n e s e  species  of marine fish, i.e. for file fish (Stephanolepis cirrhifer), 
horse mackere l  (Trachurus japonicus) and  mackere l  (Scomber japonicus). It is 
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Table  1. M e a n  concent ra t ion  of U and  Th in n g / g  on a w e t  we igh t  basis  ( i  s t andard  deviation) in 
muscle  t issues of fish from the  southern  Baltic 

Species ,  locahty (fishery) No. U No. Th 

Cod  (Gadus morhua) 
Gdafisk Bay 101" 
Gdafisk Deep  102 
Wladys lawowskie  (Northern part) 103 
Wladyslawowskie (Southern part) 103 
Kolobrzesko-Darlowskie 106 
Slupsk Furrow 108 
Bornholm S 109 

Average 

Herring (Clupea harengus) 
Gdaflsk Bay i01 
Gdarisk Deep 102 
Wladyslawowskie 103 
Ustecko-Lebskie 105 
Kolobrzesko-Darlowskie 106 
Slupsk Furrow 108 
Bornholm S 109 

Average 

Sprat (Sprattus sprattus) 
Gdafisk Bay I01 
Kolobrzesko-D arlowskie 106 
Slupsk Furrow 108 
Bornholm S 109 

Average 

Flounder  (Platichthys flesus) 
Gda hsk  Bay 101 
Kolobrzesko-Darlowskie  106 

Garf ish  (Belone belone) 
Wladys lawowskie  103 
Kolobrzesko-Darlowskie  106 

Eel (Anguilla anguilla) 
Gda hsk  Bay 101 

Whi t ing  (Merlangus medangus) 
B o m h o l m  S 109 

Sa lmon (Salmo salar) 
Ustecko-Lebsk ie  105 

Grea te r  sand  eel  (Hyperoplus lanceolatus) ++ 
Gdafisk Bay 10! 

Stickleback (Gasterosteus aculeatus) ++ 
Gdafisk Bay 101 

�9 Code of the  f ishery 

4 (6)"" 0.21 + 0.01 6 0.38 + 0.06 
3 (11) 0.25+_ 0.06 11 0.63 -+0.05 
4 (8) 0.30 + 0.07 8 0.33 + 0.05 
3 (8) 0.30 ___+ 0.06 6 0.32 +__ 0.07 
4 (6) 0.24 ____ 0.00 6 0.40 +- 0.11 
4 (6) 0.49 ____ 0.09 10 0.34 +- 0.06 
4 (10) 0.32 ____ 0.06 10 0.39 +- 0.03 

26 (55) 0.30 55 0.41 -4- 0.06 

5 (60) 0.25 + 0.06 9 (60) 0.34 + 0.06 
1 (10) 0.21 2 (20) 0.30 
2 (20) BLD+-0 .29  5 (35) 0.44 + 0.12 
2 (20) BLD-0 .65  3 (30) 0,37 + 0.14 
2 (30) 0.28 5 (30) 0.34 + 0.09 
1 (30) BED 4 (30) 0.55 + 0.01 
1 (10) BED 2 (30) 0.22 

14 (180) 0.29 30 (235) 0.38 

1 (45) 0.44 3 (45) 0.82 +_ 0.06 
1 (15) BLD 1 (15) 0.34 
- - 1 (15) 0.67 
1 (15) BLD 1 (15) BLD 

- - '  6 (90) 0.64 

1 (8) 0.22 1 (8) 0.43 
- - 1 (9) 0.53 

1 (2) 0.30 2 (2) 1.30 
1 (2) 0.42 2 (2) 0.63 

1 (1) 0.66 

1 (I) 1.6o 

1 (1) o.5o 

1 (10) 0.44 2 (10) 1.20 

1 (16) 2,60 1 (16) 1.0 

"* Pooled samples; number of samples and total number of fish {in brackets) 
+ BLD - below limit of detection 

++ Whole fish 
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Table 2. Concentrations of U and Th (~tg/g on a dry weight  basis) in various representat ives of 
southern Baltic biocenosis* 

Representative of biocenosis U Th 

Seaweed 0.23 0.24 
Zooplankton 0.14 0.19 
Molluscs (whole) 0.04 0.06 
Crustacea (whole): 

Mesidothea entomon 0.03 0.30 
Fish (muscle) 0.0013 0.0018 

* Data taken or recalculated from Szefer (1987), Szefer & Wenne  (1987) and  the  present  paper  

Table 3. Mean  concentration factors (CF) and discrimination factors (DF) for U and  Th in various 
representat ives of southern Baltic biocenosis. To calculate the CF and  DF factors, Baltic water  data 

were taken from articles of Szefer (1977) and  Bojanowski & Szefer (1979) 

Biocenosis component  CFu CFTh DFu/'rh 

Seaweed* 40 300 0.13 
Zooplankton* * 30 600 0.05 
Molluscs + 

soft tissue 60 570 0.10 
shell 30 670 0.04 
whole 35 600 0.05 

Crnstacea + 
Mesidothea entomon 10 1200 0.01 

Fish ++ 
muscle 0.5 10 0.05 
whole 0.8 17 0,05 

* Data calculated from Szefer (1987) 
�9 " Unpubl ished data; dominant  components  of mesozooplankton - Pseudocalanus elongatus, 

nauplii  Copepoda, Evadne nordmanii and Temora longicornis (Szefer et al., 1985) 
+ Data calculated from Szefer & Wenne (1987) 

++ Data calculated using values obtained in the present  paper  

e m p h a s i z e d  t h a t  t h e  C F u  v a l u e  o b t a i n e d  h e r e  is in  t h e  s a m e  o r d e r  of m a g n i t u d e  as  t h a t  

r e p o r t e d  in  IAEA T e c h n i c a l  Repor t s  Se r i e s  No.  247 (1985). 

To d e t e r m i n e  t h e  d e g r e e  of d i s c r i m i n a t i o n  of U in  r e s p e c t  to T h  in  Bal t ic  o r g a n i s m s ,  

t h e  d i s c r i m i n a t i o n  fac to r  DF w a s  e s t i m a t e d  a c c o r d i n g  to t h e  fo rmula :  

DF  = ( C u / C T h ) c / ( C u / C T h ) s  

w h e r e  (Cu /Crh)c  a n d  (Cu /C tn ) s  a re  t h e  c o n c e n t r a t i o n  ra t ios  of U to T h  in  o r g a n i s m s  a n d  

s e a w a t e r ,  r e s p e c t i v e l y .  
T h e  r e su l t s  in  T a b l e  3 s h o w  t h a t  a n a l y s e d  o r g a n i s m s  p r e f e r e n t i a l l y  d i s c r i m i n a t e  T h  

o v e r  U (all DFurrh  v a l u e s  l o w e r  t h a n  uni ty) ,  i.e. t h e y  e x h i b i t  a s t r o n g e r  ab i l i ty  to a d s o r b  

a n d / o r  t a k e  u p  T h  as  c o m p a r e d  to U (wi th  r e s p e c t  to s e a w a t e r ) .  

T h e  U a n d  T h  t r a n s f e r  a l o n g  t he  t r o p h i c  l e v e l s  of t h e  food  cha in ,  i.e. f r om p o t e n t i a l  
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prey (diet) to fish (consumer) was quantitatively estimated by the transfer  factor TF 
(Amiard et al., 1980): 

TF = Cc 
Cp 

where  Cc and Cp mean  the U and  Th concentrat ion (expressed on dry we igh t  basis) in 
consumer and diet, respectively. 

Helpful information concerning the food habits of fish analysed in the  calculations 
was applied. According to the data obtained by Rutkowicz (1982} and  Cigglewicz et aL 
(1972), cod (Gadus  morhua)  feed on benthic invertebrates,  e.g. molluscs a n d  crustacea. 
Specimens of Gadus  morhua  (length body > 45 cm) caught in spring in  the southern 
Baltic contained in their ahmentary tracts mainly  specimens of herring {Clupea  haren-  

gus), sprat (Sprat tus  sprattus) (59.5 percentage by weight) and M e s i d o t h e a  e n t o m o n  

(4.7 %). Greater mass contribution of Mes ido thea  e n t o m o n  (13 %) was found  in the food 
content  of small specimens of cod (Cadus  morhua)  (15-25 cm). The food content  of 
herr ing {Clupea harengus)  and sprat {Sprattus sp ra t t u s ) cons i s t ed  main ly  of zooplank- 
tonic organisms Temora  longicornis  and Pseudoca lanus  e longatus  (Ci~glewicz et al., 
1972). 

Bearing the above-ment ioned information in mind, the degree of transfer of U and Th 
along the trophic levels was estimated (Table 4). Approximately equal  or lower  than  unity 
TF values suggest  that there is no biomagnificat ion of these elements  a long  the food 
chain steps leading to fish from their potential  diet. 

Table 4. Mean transfer factors (TF) for U and Th in fish with respect to lower trophic levels in 
southern Baltic ecosystem 

Trophic relation 
Consumer - potential prey TFu TFTh 

Gadus morhua - Clupea harengus 1.30 
Gadus morhua - Mesidothea entomon 0.05 
Gadus morhua - molluscs 0.04 

Clupea harengus - zooplankton 0.01 
Sprattus spra ttus - zooplankton 0.01 
Hyperoplus lanceolatus - zooplankton 0.02" 

* Values calculated using the concentration of U and Th in whole fish 

1.40 
0.01 
0.04 

0.01 
0.01 
0.03 ~ 
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