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STUDY OF CERTAIN INTERNAL AND ENVIRONMENTAL

FACTORS INFLUENCING THE ACCUMULATION OF 57CO

RADIONUCLIDE FROM THE WATER IN CHLORELLA

VULGARIS

BOLDOR O., FURNICA GH., DOBRESCU ELISABETA,

BULAN ŞTEFANIA, DOBRESCU V.

The complexity of the radionuclide concentration and transfer

mentioned in the literature (Grauby A., 1970 ; Bovard P., and Foulguier

L., 1970 ; Picat P., Bovard P., Grauby A., 1971) draws the attention

upon the possible effect of a great number of environmental factors

upon the evolution of these processes. In the previous researches

Furnică Gh., Boldor 0., Dobrescu Elisabeta, Bulan Ştefania, Dobrescu

V., 1974) we mentioned the influence of illumination and C0
2 pre-

enrichment of culture medium on the value of 57C0 and 134Cs concen-

tration factors in the algae Chlorella vulgaris and Scenedesmus quadri-
cauda. Meantime, the researches revealed the influence of species

specific features upon the value of concentration factor as well as

upon the period necessary for the above mentioned radionuclides to

reach the maximum accumulation in the algae.

In order to obtain new pieces of information necessary to complete
the evaluation criteria for the utilization of algae as biologic indicators

in the radioactive pollution process of water basins, we conducted

some experiments aiming to study the action, upon the accumulation

of 57C0 in Chlorella vulgaris, of the following factors : concentration

of radioactivity in the water, presence of certain industrial detergents,
presence or absence of certain mineral nutrients in the culture medium

as well as age of the cultures of algae.

Material and method

The researches were carried out on pure cultures of Chlorella vul-

garis on Knop nutritive medium containing KNO
:î 5g ; MgSO4 0,5 g',

Ca(NO3)2 0,5 g; К
2
НР0

4
1 g and traces of FeCl 3 per 5 1 distilled

water (Knopp H., 1961).
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Each variant consisted of two samples such as to have the same

number of cells per ml of medium in all the samples belonging to the

same experimental series. The samples were contaminated with 50 ;

500 and 5000 pCi isotop ml, hold in a light chamber at a light intensity

of 3500 lux and at a temperature of 28—31°C. Until the moment of

their filtration in view of the radiometric evaluations. Membrane filtres

made in USSR with a diameter of 3,6 cm and pore volume of 0,9—1,2

were used in the experiments. After filtration, drying and weighing,

the filters were subjected to radiometric countings by help of a scin-

tilation crystal Nal (TI) connected to a Frieseke-Hoepfner-49 counter.

Aliquotes of 1 ml each were removed before the filtration from all the

samples 1 subjected to magnetic shaking in order to evaluate the cell

number in the culture medium. Cell counting was performed by help
of a Fuchs-Rosenthal chamber (as described by Tănăsescu Gh. and

Ivanovici S., 1968).

The concentration factor of the isotope (C F.) was established

both as a function of cell number and as a function of weight of

algae separated on the filter, by help of the relations :

-.„ , ~ ±t

Counted radioactivity / g algae
CF. (weight) = —-—

Added radioactivity / ml suspension

~ „
. „ .

„

Counted radioactivity / 1.108 cells
CF. (cell number) =

Added radioactivity / ml suspension

Results

The experiments concerning the effect of water radioactivity level

on the concentration factor relieve an influence of the radioactivity

level on the value of concentration factor (CF.). Different variations

of Chorella vulgaris CF. in time were noted as a function of isotope
concentration in the culture medium. Fig. 1 relieves that CF. value

as against the biomass proved to be higher in case of the 5000 pCi/ml

while the value of the factor was much lower when aplying the 50

pCi/ml and 500 pCi/ml levels of radioactivity. It is interesting to note

the gradual decrease of the CF. value in the samples treated with

5000 pCi/ml from the first to the 10-th day of contact while an accu-

mulation peak was noted in the 5-th day in samples where the isotop
was applied in the levels of 50 and 500 pCi/ml. The same evolution

of phenomenon in time is noted when appreciating the CF. value

as a function of cell number (Fig. 2).

As concerning the evolution of algae cultures as a function of

radionuclide concentration (Fig. 3 and 4) it may be noted that the

biomass, as well as cell number evidently increased in samples where

the isotop was applied in the levels of 50 and 500 pCi/ml while not

such important changes were noted in the samples receiving 5000 pCi/ml.
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It has to be mentioned that in case of applying 500 pCi/ml the

age of Chlorella vulgaris cultures was 30 —40 days.

Variation
of

concentration
factor
as

against

weight
of

algae

sample
as

a

function
of

level
of

57C0

radioactivity/50
ml

culture

medium.

Fig.

1.

Table 1 indicates that the evalution of Chlorella vulgaris cultures

on Knop medium was different as a function of contamination time

i.e. immediately after the establishment of the culture in the medium

(young cultures) or after a period of 30—40 days (old cultures).
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As concerning the presence of „White Perlan" detergent in the

culture medium, a concentration of o.ltyo resulted in C.F. value chan-

ges (Fig. 1 and 2). In the samples receiving 500 pCi radioactivity/ml
the value of C.F. factor was lower as against the same value established

as a function of biomass and in the absence of detergent. It is perhaps

Variation
of

concentration
factor
as

against
cell

number
as

a

function
of

5"Co

radioactivity/50
ml

culture

medium.

Fig.

2.

interesting to mention that when CF. value is established as a func-
tion of cell number its variations in the presence of detergent reveal
differences as a function of time i.e. the value is higher in the first
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Table 1

Evolution of Chlorella vulgaris cultures as a function of contamination time

and 10-th day of contact as compared to the 5-th day the day when

the concentration peak is reached in a medium lacked of detergent.

It has to be mentioned also, that detergent occurence in the medium

resulted in a higher C.F. value after 10 days of contact when CF.,

was appreciated as a function of algae biomass. Evolution of algae

cultures as depending on the presence or absence of the detergent

in solution evidenced a marked increase in biomass and cell number

when the solution contained O.l«/o „Perlan" detergent (Fig. 3 and 4).

Retention capacity in algae of the contaminating radionuclides

evidenced also certain specific features, when contacting the distilled

water to the uncontaminated culture medium.

From the tab. 2 it may be noted that Chlorella vulgaris differently

looses a part of the fixed 57C0 when the cultures are kept for a while

in contact with the uncontaminated Knop medium. An approximative

20% loose of the retained radionuclide occurs in the first day, then

the radionuclide is again taken up from the medium after 3 days of

contact althoungh the specific radioactivity is in decline ; a loose of

about 10% from the retained radionuclide is again noted in the 15-th

day. A decrease in the radioactivity of algae culture is apparently

noted contrary to the biomass increase in time.

The redistribution phenomenon followed under the conditions of

mentaining the algae in distilled water (tab. 3) revealed a different

behaviour of young cultures as compared to the old. A decrease of

Characteristics of the

culture

Contact

time

(days)

Culture evoluti

Cell number/mm3

Culture evolution in timeion in time

Total weight

(mg)

Young control,
culture

0

1

5

10

15

25

4449

6949

11916

16816

18918

20249

4.80

4.59

7.54

8.58

9.85

13.45

Young culture

contaminated with

500 pCi 57Co/ml

0

1

5

10

15

25

4449

7433

13082

20350

21733

20330

4.80

4.11

7.63

8.18

9.76

12.87

Old culture (30—40

days) contaminated

with 500 pCi 57Co/ml

0

1

6133

8275

14375

21200

2.05

2.31

8.48

22.38

5

10
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specific radioactivity occured after lo days of contact in the old culture,

a process which paralelled the decrease of the total retained radioac-

tivity. This phenomenon when followed in the young cultures evidenced

a constant retention of total radioactivity in the algae during the first

7 days though this retention was associated with a 550/o decrease

in the specific activity.

Fig. 3. Variation in time of algae weight as a function of 57C0 radioactivity level

It is very difficult and perhaps risky to evaluate the biologic

half life (H b ) especially on the basis of the available results. An evo-

lution in time of the two processes i.e. variation in content of total

activity in algae cultures and specific radioactivity per g of biomass,

was although apparent. This variation occured in only one direction

during the whole experimentation period while H h value, as determined

after different intervals of contact between algae and medium, changed

from one day of evaluation to the other. In view of the evolution

of the phenomenon in two directions, the evaluation of T
b value on a

longer period of time is not possible.
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It is interesting to note the different evolution of Chlorella cultures

as a function of algae culture age. Table 1 revécus especialy the increase

of the cell multiplication speed during the first lo days under the

influence of 500 pCi of 57C0/ml as compared to the uncontaminated

control (Fig. 3 and 4). The old culture, 30—40 days in age evidenced

a cell increasing speed equal to the young cultures, I—31 —3 days in age,

during the first 10 days after contamination with 500 pCi 57C0/ml.

A much stronger increase in the biomass of old cultures (160— 260°/o)

was although evident as compared to the biomass increase of the young

cultures (60—900/o ).

Fig. 4. Variation in time of total cell number per 50 ml culture medium as a

function of S"Co radioactivity level.

An evident effect of the 57 C0 presence in the medium on the

increase in biomass and Chlorella cell number may be noted in Fig. 3

and 4. It has to be mentioned that the level of 500 pCi ml had a

stimulating effect while 5000 pCi radioactivity/ml evidenced no such

effect. The presence of „Perlan" detergent in a concentration of 0.1%

did not affect the stimulating effect of 57 C0.
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Table 2

Looses in time of 57C0 taken up by the contaminated algae * kept in contact with

7;iCo for a period of 5 days (average retained activity = 149346 c/m)

Table 3

Loose of )7Co from contaminated algae after keeping in 50 ml distilled water **

* Algae were kept in 50 ml Knop culture medium and subsequently washed
with 30 ml distilled water.

** The algae kept in water were previously washed with 250 ml distilled water
in order to remove the traces of medium. After filtration they were washed again
with .30 ml distilled water.

Time of

contact

with the

medium

after

isotope
fixation

(days)

Radioactivity Radioactivity
Cell number

per total
retained in retained in

volume of Weight of algae and algae from

culture algae (mg)
counted on the initial

medium (xlO)
the membrane activity at

(c/min/mg) zero time (°/o)

0 40.99 3.94 23418.3 100

1 43.33 3.32 23582.8 100.70

3 47.33 9.53 9868.8 42.14

5 102.84 15.6G 6579.9 28.09

10 122.71 22.79 4527.9 19.33

15 123.96 26.36 3365 14.37

Initial conditions

Time of

contact

after

isotope
fixation

(days)

Cell

number

per total

volume

(x 108
)

Weight
of algae

(mg)

Activity
retained

in algae

and count -

ed on the

membrane

(c/min/mg)

Activity

retained

in algae

from the

initial

activity

of the experiment

at zero

time (%)

Chlorella vulgaris

kept in contact

with J"Co for

25 days

0

10

14.93

20.96

22.43

32.80

1744

1127

100

64.62

Chlorella vulgaris

kept in contact

with ""Co for

5 days

0

1

3

4.41

4.94

5.29

5.81

7.05

10.42

2(349

2203

1447

100

83.16

54.62

7 8.63 12.28 1214 45.82
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Discussions

Our results evidenced the influence of certain interval and external

factors on the process of "Co radionuclide accumulation in Chlorella

vulgaris.

For example a higher radioactivity of the culture medium solution

resulted in a higher r,7 Co accumulation during the first day, probably

owing to the fact that algae can metabolize a higher quantity of

oligoelements. The fact that F.C. value descreased after 10 days of

contact with 5000 pCi/ml to the same value as after 5 days of contact

with 5000 pCi.'ml and 50 pCi/ml, conducts to the reasoning that a

part of 57C0 is the object of a metabolical retention, while another

part is retained by osmosis in the apparently free space of the cells.

In conclusion, about 500/0
of the 5000 pCi radioactivity ml (added to

50 ml medium and 10 mg algae) is probably incorporated by electrolite

diffusion as a Donnan equilibrium stabilization effect, while the

other 500/o is incorporated by active accumulation as a result of

metabolic mechanismus (23). This hypothesis is supported also by the

results which reveal the growth stimulating effects noted only in

the instance of 50 and 500 pCi/ml.

The detergents evidenced a stimulating effect when present in

the medium in amounts of about 0.1% ; this effect is probably own to

their mineral composition. These kind of industrial products have a

content of : Fe 0,04 ; phosphates 15—20%, Na-perborate IVo ; fatty
acids ЗO/0 ; alchyl-aril-Na sulphonate 20<y0

and sulphonated secondary

alcohols (as mentioned by Petrochemical Combine Ploieşti). It may be

noted that the minerals occuring in the industrial product contain

different chemical elements which may be regarded as nutrients or

micronutrients for the algae.

The age of algae culture which could represent an internal factor

of radionuclide accumulation is also analysed especially owing to the

different amount of biomass resulting from the young and mature

cells respectively as well as to the different multiplication speed of

the cells in the young cultures as compared to the old ones (Sălăgeanu

N., 1972). The radioactivity content of algae is not constant but changes

permanently in time, as a function of medium composition as well

as a function of cell multiplication speed.

The permanent exchange between cells and environment, mentioned

in a great number of works (Ruhland W., 1958 ; Lewis R. A., 1962),

permitted, under the above mentioned conditions, first the ellimination

of radionuclides int the culture medium and then their subsequent

accumulation in other algae. This process results practically in a dilution

of the nuclides in the total biomass of the culture.

In conclusion, it may be revealed that the accumulation process

of 57C0 in Chlorella vulgaris is dependent upon a great number of

internal and external factors which are especially important in the

evaluation of this species as a dynamic biological indicator of radio-

active pollution.



STUDII PRIVIND INFLUENŢA FACTORILOR INTERNI ŞI DE MEDIU

ASUPRA ACUMULĂRII RADIONUCLIDULUI 57C0

DIN APA LA CHLORELLA VULGARIS

Rezumat

Cercetarea a urmărit dependenţa procesului de concentrare a

radionuclidului r,7Co de către Chlorella vulgaris, în funcţie de con-

centraţia radioactivă în apă, prezenţa unor detergenţi industriali,

prezenţa sau absenţa unor substanţe minerale nutritive, vîrsta cultu-

de alge.

-

efectuate au arătat că are loc o variaţie în timp

a factorului de concentrare şi că valoarea acestuia creşte cu concen-

traţia radioactivă a mediului. Biomasa culturilor este influenţată de

concentraţia nuclidului 57C0. Cercetările au mai relevat faptul că se

modifică permanent în timp concentraţia radioactivă din alge, în

funcţie de compoziţia mediului cît şi în funcţie de vîrsta culturilor

în momentul contaminării.
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