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The cumulation of strontium, cesium, rubidium and sodium on alga has been radiometrically 
investigated at different pH and at different concentrations of elements studied in the absence 
and in the presence of other salts. It has been found that the cumulation can be 
quantitatively described using the affinity constants K,. The cumulation decreases in the 
order (logK,-values are given in brackets): H +  (6.2), BaZ+ (4.8), Sr2+ and Ca2+ (4.6), Mgz+ 
(4.2), Cs+, Rb+ and N H f  (2.9), K +  (2.7, Na+ (2.6) and Li+ (2.4). 

KEY WORDS: Alkali earths, alkali metals, alga Chlorella kessleri, Scenedesmus obliquus. 

I NTR 0 D U CTlO N 

In our previous communications a detailed study of the cumulation of 
chromium(II1) and (VI),' zinc, cadmium and mercury(II),'* arsenic(II1) 
and (V), methylarsonic acid and dimethylarsinic acid3 on different types 
of alga has been carried out using radiometrical method. In the 
continuation of these investigations the cumulation of strontium, cesium, 
rubidium and sodium on alga Chlorella kessleri and Scenedesmus 
obliquus has been studied in order to describe quantitatively the 
cumulation of these elements on alga. 

EXPERIMENTAL 

Reagents and apparatus 

Unless otherwise stated, all reagents were of analytical reagent grade 

Hydrochloric acid and sodium hydroxide, suprapure (Merck) were 
purity. 

applied for adjusting of pH. 
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Solutions of radionuclides (Swierk, Poland and Isotope, Moscow, 
USSR) were prepared by the dilution of the stock solution of strontium-85 
chloride (specific activity 150 GBq/g Sr), cesium-1 37 chloride (carrier-free), 
rubidium-86 chloride (10 GBq/g Rb) and sodium-22 chloride (11.OOO 
GBq/g Na). Algologically and bacteriologically pure strains of alga 
Chlorella kessleri (the mean geometric volume of one cell 
V ,  = 3.4 x 10- cm’, the mean geometric surface of one cell 
S,=5x 10-7cm2) and Scenedesmus obliquus (V,=5.4x 10-11cm3, 
Sa = 5.9 x lo-’ cm2) were used in the experiments. 

The scintillation counter with the NaJ(Tl) crystal was used for the 
radioactivity measurements, Radiometer pH M-52 (Copenhagen, 
Denmark) for the determination of the equilibrium pH. 

Procedure 

An appropriate volume of alga suspension (containing a known amount of 
alga cells) was centrifuged and the supernatant was discarded. Then 5ml 
of distilled water were added and the suspension was transferred into a 
test tube with ground glass stopper containing radionuclide investigated 
(initial concentration of order mol. L-’), suitable amount of metal 
salts, hydrochloric acid or sodium hydroxide. The total volume was made 
10ml. The suspension was shaken for 3 hours. After an appropriate 
interval, 3.0 ml of the suspension was pipetted into a centrifugation tube 
and centrifuged for 3 min. The equilibrium pH-value, the radioactivity of 
alga A, (corrected for the radioactivity sorbed on the measuring vessel) 
and that of the medium A,,, were measured and the cumulation factor F 
was calculated according to equation 

where N, denotes the number of alga cells in 1cm3, K-the mean 
geometric volume of one cell in cm3. 

All experiments were carried out at 22 i- 1°C. 

RESULTS AND DISCUSSION 

The cumulation factors F of strontium on alga Chlorella kessleri at 
different pH, at different strontium concentration and at different 
concentration (mol . L-l) of cation M (present as chloride or nitrate) are 
given on Figure 1. The maximum value of the cumulation factor F ,  was 
reached at pH 7-10 at lowest concentration of strontium: F ,  = 1.500 +_ 300 
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FIGURE 1 The cumulation factor F of strontium on alga Chlorella kessleri (No=(% 
12) x lo6 cells. mL- ') at different equilibrium concentrations (mol . LT ') of cations M .  

(log Fo = 3.2 k 0.1). The cumulation decreases with the increase of hydrogen 
ion concentration and with the increase of strontium and other metal salts 
concentrations (pH = 7-8). The curve log ( F o / F -  1) vs. log [MI (where [MI 
denotes the equilibrium concentration of cation M) has a slope equal to 
one which does not depend on the charge of M (see Figure 2). 

These results can be interpreted as follows: strontium ion (the charge is 
omitted) reacts with alga A according to 

Sr + A  = SrA (2) 
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The afhity constant for strontium K,, can be expressed as follows: 

where [A] denotes the “free (equilibrium) capacity” of algal cells to 
cumulate strontium ions. At very low concentrations of strontium and 
hydrogen ions in the absence of other salts, the cumulation factor reaches 
itp maximum value, i.e. F o .  In these conditions, the following equation is 
valid 

where cA is the maximum “capacity” of algal cells to cumulate strontium 
ions. 

The increase of strontium concentration leads to the decrease of the 
cumulation because of the decrease of the free capacity: 

cA = [A] + [SrAl= [A]( 1 + K,[Sr]). 

By combination of Eqs. (3H5) it follows: 

(6) FO -- F 1 =Ksr[Sr]. 

Other alkali earths and alkali metals A4 compete with the cumulation of 
strontium and the following equation is valid for the distribution of 
strontium present at very low concentrations at pH > 7: 

The influence of hydrogen or ammonium ions can be expressed in a 
similar manner. 

The log KMvalues calculated according to Eqs. (6) and (7) are 
summarized in Table I. These data are in a good agreement with KM- 
values determined from our investigations of the cumulation of barium- 
133 on alga Scenesdesmus obliquus? 

The affinity constants for cesium, rubidium and sodium were also 
calculated from the study of the cumulation of the above elements on alga 
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TABLE I 

The determination of the afhity constants K M  from the study of the 
cumulation of strontium on alga Chlorella kessleri. 

log KAf 
Cation M -log[1KJ F,/F log K M  mean 

Ba2+ 

Sr2 + 

Ca2 + 

Mg2+ 

c s  + 

Rb+ 

NHf 

K+ 

Na+ 

4.35 
4.03 
3.72 
3.53 

4.03 
3.72 
3.53 
3.31 
4.03 
3.72 
3.41 
3.16 

3.72 
3.53 
3.23 
3.00 

2.30 
2.00 
1.70 
1.52 

2.30 
2.00 
1.70 
1.52 

2.00 
1.70 
1.40 
1.22 

2.00 
1.70 
1.40. 
1.22 
200 
1.70 
1.40 
1.22 

4.5 
7 

12.5 
17.5 

5.0 
12 
11 
20 
6 

11 
18 
26 

5.3 
6.6 

13 
15 

5 
8 

15 
18 

5 
9 

14 
22 

9 
15 
24 
36 

7 
11 
15 
26 

10 
19 
28 

5.6 

4.89 
4.8 1 
4.78 
4.73 

4.63 
4.76 
4.53 
4.59 
4.73 
4.72 
4.64 
4.56 

4.35 
4.28 
4.31 
4.15 

2.90 
2.85 
2.85 
2.74 

2.90 
2.90 
2.81 
2.84 

2.90 
2.85 
276 
2.76 

278 
270 
2.55 
262 

2.66 
2.65 
2.66 
2.65 

4.8 1 f 0.06 
(4.90f0.03)’ 

4.63k0.10 
(4.55 f 0.17)’ 

4.66 & 0.08 
(4.56 f0.13)’ 

4.27 0.09 
(4.00 fO.11)’ 

2.84 & 0.06 

2.86 f 0.06 

2.82 f 0.07 

2.66*0.10 
(2.75 f 0.07). 

2.66 f 0.01 
(2.51 k0.13)’ 
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TABLE I (continued) 

log KY 
Cation M -log[MI F,/F 1% Kbf mean 

Li + 

H+ 

1.60 
1.30 
1.00 
0.77 
6.4 
6.25 
6.10 
5.45 
4.7 
4.2 

~~ 

7 
15 
23 
33 
1.5 
1.9 
3.3 

11 
35 
100 

2.38 

2.36 f 0.07 245 
2.34 
2.28 
6.10 
6.20 
6.46 6.25 k0.15 
6.45 (6.15 k0.06)' 
6.23 
6.20 

. 'Mean value of log K, obtained from the study of the cumulation of barium on alga 
Scenedesmus obliquus. 

Scenesdemus obliquus at different concentrations of metal studied. The 
following logK,-values were obtained -3, 2.8 and 2.6 for cesium, 
rubidium and sodium, respectively. 

The maximum capacity of alga Chlorella kessleri used to cumulate 
strontium ions can be calculated from experimentally determined K, and 
F,-values using Eq. (4): cA - 0.04 mol . L- '. Approximately the same value 
was calculated directly from the maximum concentration of strontium ion 
on alga at pH>7. 

Under the assumption that cA value is constant for all alkali earths and 
alkali metals it follows from Eq. (4): 

F,-values depend on the size of algal cells,' however, the product 
F, V,.S;' is approximately constant for all alga species.' Thus, the log 
F,-values for alga Chlorella kessleri used decrease in the order 
(log F o .  V ,  * Sa-' are given in brackets): 3.4 (-0.8) for barium, 3.2 (- 1.0) for 
strontium and calcium, 2.8 (-1.4) for magnesium, 1.5 (-2.7) for cesium, 
rubidium and ammonium ions, 1.3 (-2.9) for kalium, 1.2 (-3.0) for 
sodium and 1.0 (- 3.2) for lithium ions. 

Experimentally determined log F,-value for barium equals 3.5 f 0.1 
using alga Scenedesmus obliquus (%=3.1 x 10-11cm3, Sa=5.2x 10-'cm2, 
log F o .  V ,  - S; ' = -0.7).4 F,-values for alkaline metals are very small and 
cannot be determined with a sufficient precision. The following log F,- 
values were determined using alga Scenedesmus obliquus: -2, 1.7 and 1.0 
for cesium, rubidium and sodium, respectively. 
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The strong tendency of algal cells to cumulate hydrogen 
suggests that the c,-value for hydrogen ions is at least one order higher 
than that of alkali earths and alkali metals. From that reason the logF,- 
value for hydrogen ions should be higher than 5.8 (log F ,  * V,.  S, > 1.6) 
for alga Chlorella kessleri used. 
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