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ABSTRACT:
The following maximum concentration factors for the

green alga Enteromorpha linga L. and the bdrown alga
stoseira barbata (Good.et Wood.)Ag. from the Romanian
Black Sea shore were experimentally determined: for
%e = 3,227 and 453 (August), respectively; for 652.11 -
74147 and 2,444 (August), respectively; for 89Sr = 65
] and 120 (June), respectively.
INTRODUCTION

The relationship bebween the concentration of a che-
mical element in organisms and environment (e.g.water) depends on
both the element and the organism. It is known +that only some
organisms, like e.g. seaweeds, exhibit a metabolic adjustment for
trace elements. Thus, the extent +to which an alga adjusts the
uptake of a trace element is very important when a pollution of
the environment with metals or their radionuclides is possible.

Nowadays it is accepted that among marine organisms,the
algae show a strong concentration ability of radionuclides(éxfhe
benthic algoflora <from the Romanian Black Sea shore, though de-~
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creased at present both guantitatively and qualitatively (2,8),is
interesting slso from the mentioned viewpoint. Among the main
algal species along the Romanian shore, with known chemical com-
posi:ion (g,;g,;;,%g,%g) the concentration factors of 1511, 4cq
and “Isp in Cystoseira barbats have been already determined under
expe: mental conditions (4).

As to reference data concerning the concentration
fector of other radionuclides, like 59Fe and 65Zn, in benthic
marine algae, for 59Fe there are less informabion (e.g. 14 gg).

The concentration factar of 659n in benthic algae is
better known. Thus, this concentration factor was higher in the
green alga Znteromorphsa linzg as compared to the brown salga
Sargagsum; the concentration factor varied with salinity, and the
photosynthetic rate rather than surface area of the alga influ-
enced the uptake of ©7Zn during the first three hours (3).The
uptake of 852n by & species of algae, which occured only in the
iight and proportional to gross oxysen production, varied with
species; consequently, 65Zn has possibilities as a tool for  the
measurenent of primary productivity (2). Or,the uptake of 652n by
Ulva rigida decreased with 12-36% as compared ¥to the control by
sdding 1 ml DOT 170 (D).

in on other brown alga, Lsminaris disitats, the concen—
tration factor « decreased as the sea water conceatration of Zn
increased, initially at least; it was found that the uptake of
this radionuclide is a gradual process of accumulation and is not
accompanied by the exchange of Zn ("net uptake process”); once it
has been absorbed,SEZn$ like Zn, shows little tendency %o be lost
from the plant (§). The transfer of 6571 was studied also along
fo0d chains, e.g. Fucus gerratus < Littorina obtugatg (29).

Experiments carried out on Black Sea algae evinced that
.S inhibits initially the uptake of 857n by Ulva lactuca and
gistoseirg barbata; also that the congtant presence of HZS in the
snvironnent caused the death of algae and favoured the more
intense uptake of 6520 by them (%_’_Z_).. Also, a dependence Dbetween
°57n uptake and growth in Ulva rigida occured (12).

Concerning the Sr, from the study of 995p aigtribution
1o the Cystoseira community, it resulted +that among algae this
‘adionuclide is most concentrated by the brown slgae Cygtogeira
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(CF=60) and _g@igg(CFsEGO) and by the red alga Corallina (CF=260)
(13). TFor Cystogeirs barbate the decisive réle of fucoidan,
laminarine and algulose concerning -the extraction of 9°Sr from
sea water was specified (1§)salso that fucoidan concentrates 90gy,
gnd that it stimulates the fixation on alginic acid (;g).

The aim of the present paper consists in the determina-
tion of the concentration <factors of 53?3, 65Zn and Bgsr in

Enferomorpha linza and Cystogeira barbata from the Romanian Black
Sea shore.

MATERIAL AND METHOD

Specimens of Enteromorpha 1linzs (Chlorophyta) and

vstogeira barbsts (Fhaeophyta) collected at Jupiter (Mangalia)

in Juﬁe end August 1981 were used; C.barbata was cleared of epi~
biosis (Ceramium sp., Dermatolithon cystoseirase).

Laborastory experiments were ueriormed during the
pericds June-duly and August-September, in continuously aerated
aquaria, containing 7 1 previously filtered sea water (pE=8.1 and
S%o=12.45, and pH=8.1 and S%o=14.98,respectively).The algal mste-
rigl wes kept 24 hours in the aquaria for accomodation before the
adding of radionuclides. )9Fe 652n amd S9Sr were used as
water-soluble salts (59Fe015, 5”n.Cl2 and 89src1 ) Duration of
experiments was 21 days for E.linza and 15 days for C.barbatg.
Radiosssays were carried out after 2, 4, 7, 14 and 21 days for
E.linza and after 2, 4, 7, 11 and 15 days for C.barbata. Because
of the difficulty of waintaining the algal material longer alive
under experimental conditions,it is possible that the eguilibrium
concentration factors were not always reached. The control showed
values near the natural background.

Light intensity and temperature during the experiments
(a.m.) ranged in June~July between 240-37,888 1lx and between
22-25.5°C and in August-September between 230-4,655 lx and
22 - 25°.

The activity of radionuclides was assayed both in the
water and in the alga. Water samples were obtained by evaporation
of 200 ml (salt).Algal samples,previously weighed (fresh weight),
were obtained by carbonization at 210°C and calcination at 480°C
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(ash). Aliguots of the samples were radiocassayed on targite using
a low background DNuclear Enterprises beta. counter with an
efficiency of 14%, for 1,000 5,at least 5 times each. The results
were expressed in fresh weight.

Concentration factors (CF) were calculated for each
radionnclide:

CF = gpg.g_l wet algs

cpam w1t water

RESULPS AND DISCUSSION

Concerning the experiments with 59Fe, in ZEnteromorphs
linza between 578 ~ 3,467 cpw/loo g fresh weight weve found dur-
ing June~July and between 2,578-9,325 cpm during August-September.
The maximum activity for both seasons occured after 2 days. The
concentration factors were higher in August, with the maximum
value 3,227 (Table 1); comparatively,for B.integtinglis a concen-
fration factor of 300 is known (14), which wmeans an order of
magnitude less than for E.linza from the Romanian Black Sea shore.

: . Table 1

Variation of concentration factor (CF) of 59}3‘6

in Enteromorpha linza under experimental conditlons
(June=July and August-September, 1981)

Time - Residue Residue Resi~ Ash Water/ Alga/’
Month (days) from from due cpu.g loo ml loo g
loo ml 1loo g CPHm.g cpm faw.
water alga cpm
() (fresh
welght)
NI-VII 2 1.27  4.85 3.06  638.20 3.90 3095.27 794
4 1,27  7.51 1.65  461.65 2.11 3466.99 1643
7 1.23% 11.71 2.17 158.24 2.66 1852.99 697
14 g S, lo.00 2.03 57,82 2.66 578.20 217
21 1l.40 5.53 1.47 236.29 2.05 1306.66 637
VIII-IX 2 1.70 2.92 3,39 2576.77 7.83 9p9l1l.62 116l
4 1.60 4.27 1,33 1605.73 2.89 9324.79 2227
7 1.67 DI, 2.72 3215.26 6.93 B8p54.27 1162
14 1.84 5,62 2.70 N, 24 7.55 3418.30 453
21 2.07 8.39 5.%5 bo4.84 16.87 2577.90 153

In Cystoseira barbata between 490 - 632 cpm were found
during June~July and between 934-1,899 cpm during August-Septem-
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ber. The maximum activity occured after 7 and 12 days,respective-
ly.Similar ccncentration factors in both seasons were determined,
with the highest value of 453 in August (Table 2). Earlier data
indicate for this species a higher goncentration factor, of 1,060
(1a). Also for 59Fe,in an other brown alga, Fucug gerratug, after
a longer period (70 days), higher eguilibrium econcentration

fectors, ranging between 2,000 - 2,500, were found (20).
Table 2

Varietion of concentration factor (CF) of 2%e

in C barbatz under experimental conditions
(June-July and August-September, 1981)

Time Residue Resgidue Residue Ash VWater/ Algs/

¥onth (days) from from epm.& cpm.g loo ml loo'g CF
looml loo g epm f.we
water alga cpm
(2) (fresh
welght) _

VI-VII 2 1.28 7.86 2.67 72.03 3.43 566.15 165
4 1,15 8,42 1.88 68,32 2.16 575.25 265
7 1.33 740 2.15 85.46 2.87 632.40 220
11 l.40 8.50 2.95 72.89 4,15 619.99 149
15 1.42 5.00 l1.88 97.94 2.68 489.70 183
VIII-IX 2 1.65 3.90 2,09 182.84 4,69 934.13 199
4 1.62 4,55 1.72 219.92 3.80 1310.83 345
7 1.50 4,50 2.89 217.71 6.58 1485.87 226
12 1.82 %.90 3.13 324,59 8.67 1898.85 219
15 1.78 3.90 l.30 272.76 3.52 1595.64 453

It follows that regarding the two algal species from
the Romanian shore, a higher concentration gbility of 59.Fe was
determined in the green glgs B.linza as compared to C.barbata.

As concerns 65Zn, in BE.linza between 267 - 339 cpm were.
found during June-July ani between 7,119-13,021 cpm during August-
September. In both seascns the maximum activity was registered
after 7 days. As for 53@9, the concentration factors were highser
in August, with the highest values 7,147 (Table 3). In E.linza the
concentration factors were much higher during August-September.
Comparatively,concentration factors of 127 and 290, respectively,
for the green algae Ulva rigida and U.pertusa are also known (14).
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Teble 3%
Variation of concentration factor (CF) of &52n

in Enteromorpha lipza under experimental conditions
(June-July and August-September, 1981)
= G S o o e e e R R S I e =

Pime Residue Residue Residue Ash  Water/ Alga/
Montk (days) iromml f£rom opmeg Cpm.g loo ml loo g
00

- éio g epo fowe
water ga cpm
(8) (fresh
welight) ;
¥ =-VII 2 1.30 5.32 4.00 59.78 S5.20 318.02 61
& 1.27 4. 1,51 58.%0 1.91 267.01 140
7 lt25 7-97 2.90 i 42-58 2-50 538051 135
14 1.40 5.88 2.96 48,15 4.14 283.12 68
21 1.36 5.7 2.67 39,99 3,63 268.33 7%
VIII-IX 2 1.64 13.92 1.32  390.41 2.74 7119.19
4 1.67 7,81 4.80 967.80 3:l6 1op70.06
7 1.71 12.50 1.30 694.45 3.57 13p20.93 3647
14 1.71 lo.23 507.72 2.%% 0.95 3329
21 2200 10-74 014‘5 576-71 1330 9,290-79 7,147
However, more recent data indicave for U,rigida teo

nigher concentration TYactors of 65Zn.of 1,080 {Jenuary) and 1,280
(July) (12), or the highest concentration facter of 2,905 (12).
In C.berbats too, after the uptake of 652&, lower scti-
vities, between 57 - 248 cpm during June-July, are found compared
to those between 1,430 - 7,504 cpm during August-September. The
highest activities occured at %the beginning of experiments, after
the ch and %the 2nd day, respectively. The esoncentration factor,
also much higher during the second sxperiment, showed the highest
value of 2,444 (Table 4). FPrevious data indicate for C.barbata &
lower concentration factor, of 186 (;g). For the same ° specles,
recent data emphasize similar concentration factors to those de-
termined in the algal waberial originating from the Romanian
shore, nsmely of 870 (January) and 2,070 (July) (12); in these
gexperiments the concentration factor in the brown alga.C.barbata
was higher than in Ulva rigids during the summer seasoODe
Very similar concentration factors are known for other
brown algae %oo, e.g. from the Atlantic Ocean, like Lamingria
digitata - 2,455 (§), or even much higher, like Fucug gerratug -
- 10,768 (gg). .
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Variation of concentration factor (CF) of 8520
in Cygtogeira barbata under experimental conditions
(June=July and August-September, 1981)
== — 1 st e t— 32—

Time Resldue Besidue Residue Ash'  Water/ Alga/
Honth (days) from from cpm.g ¢cpm.g looml loo g CF

loo ml 1loo g cpm fow.
water alga cpm
() (fresh
weight)
VI - VII 2 1.32 3.50 5.49 16,31 4,60 57.08 12
4 1.%0 5.60 3.99 44,31 5.18 248.13 48
11 1.32 4,37 2,82 42,49 3,72 185.68 50
15 1.38 4.95 3.17 34.98 4.37 173.15
¥III-IX 2 1.55 4,60 1.46 1245.24 3.07 7503,81 ?444
4 1.55 4,05 3.73 176.46 2.19 4515.82 2962
7 1.72 4,25 0.50 239.66 l.30 1527.82 1175
12 1.74 4,30 0.68 23%0.68 1,79 1487.88 831
IS 1.93 4.10 0.74 232,57 2.15 1#30.29 665

Higher values of the concentration factor of ©%Zn in
the green algae as compared to the brown ones, like for E.linza
and C.barbata from the Romsnian shore, were observed for other

species too, e.g. in E,linzg compared to Sargagsum (9).
! . Table 5

Variation of concentration factor (CF) of 898r

in Enteromorpha linzs under experimental conditions
(June—Ju’y and August-September, 1981)

Time Residue Residue Residue Ash Water/ Alga/
Month  (days) from  from cpm.g cpmeg loo ml loo g CF

looml 1loo g cpm f.we
water alga cpm
(&) (fresh
weight)
VI - VII 2 1.28 5.15 34.30 109.61 44,07 564.49 12

4  1.18 11.06  22.05 156.83 26.61 1734.53 65
7 1.33 4.66 28.12 492.39 37.54 2294.53 61
4 1.39 5.27  23.13 3lo,72 32,15 1637.49 51

21 1l.ko 3.84 18,59 372.22 26.03 1429.32 55

VIII-IX 2  1.55 2.64  35.76 '197.75 187.14 621,12 3
4  1.66 3.10 118.30 427,47 265.72 1673.18 6

7 1.6l 3.39  65.72 1pBl.66 158.05 5437.46 34

14 1.72 3.35  94.98 1380.15 245.75 6872.47 28

21 1.9 3.30  66.57 1p87.16 188,97 5318.66 28
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As concerns 898:,,though both for E.1linza end C.barbatg
bigh activities. were radiosssayed in the two periods, ranging
between 565 - 2,295 cpm and between 1,268-1,843 cpm,respectively,
the concentration factors are much lower than. those for e and
65Zn. The maximum concentration factor of 89Sr’ obtained for both
species in June, were in E.linza 65 (Table 5) and in C.barbata
120 (Table 6).

Table 6

Variation of concentration factor (CF) of 89gy

in Cygtogeira barbata under experimental conditions
(June~July and August-September, 1981)
3 EmmEesmooTsR

Time Residue Residue Residue Ash Water/ Alga/
Month (days) fromw from cpm.g cpm.g loo ml loo g CF

loo ml loo g cpm fowe
water alga cpm
(g) (fresh

= weight)

VI - VII 2 1.3%6 4,73 19.01 368.89 25.85 1745.32 68
4 1.25 4.90 12.25 376.05 15.31 1842.69 120
7 134 4 .80 14.99 %60.54 20.08 173%0.59 86
11 1.%6 4,60 13,22 387.93 17.97 1784.47 99
15 1.28 3.90 14,68 325.1l0 20.25 1267.87 63

VIII-IX 2 1.51 4.00 73,48 125.58 147.61 426.47 3

4 l1.60 4.60 64,30 1470.54 139.92 8629.90 62
7 1.67 4.50 54,17 1492.62 134.63 lagd2.50 75
12 1.55 4.lo 43,70 1509.93 99:67 9054.50 91
15 1.71 4250 42.48 1321.93 1lo7.13 8691.40 81

The present date are considerably higher as compared to
the concentration factor 1 known for E.compressa (14),to the
concentration factor lo found for C.barbatz from the Romenim Heck
Sea shore by indirect radioassays {4) and to the concentration
factor 40 obtained previously also for C.barbata from the Black
Sea (14).

CORCLUSIONS

1. The following relstion was established between the
concentration factors of the investigated radionuclides in Entero-

morpha linza and Cystoseira barbatat FC 65Z.n >FC 59E‘e >FC 981'.

2. The following wmaximum concentration factors were
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experimentally determined in E.linzas for e = 3,227 (August),
for ©9Zn = 7,147 (August) and for °78r = 65 (June).

3, The following maximum concentration factors were
experimentally determined in C.bg%batg: for 5% = 453 (August),
for %57 = 2,444 (August) and for 9sr = 120 (June).

4, Generally, maximum values of the concentration
factors were recorded for both species after 4 days from radio=
nuclide addition.

Se The dasta obteined suggest the algae E.linza snd
C.barbatg as possible bioindicators Zfor the contamination of the
coastal marine ecosystem with >%%e and 857n and with 59Fe, 65%n
and 898:, respectively.
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