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EXPERIMENTAL DATA ON 59Fe, 65Zn AND 89Sr
UPTAKE BY Enteromorfïha linza AN D Cystosevra barbata
FROM THE ROMÂNIAN BLACK SEA SHORE

Al^. Bologa1) and L Chiostïà2)
Romaaian Marine Eesearch Institute - Constanta

Clinical Hospital î'Gsàeni, Section of Hadiobiology - Bucureçti

ABSTSA.O'Cs
îhe followiag naximua concentration factors for thé

green alga Enteronor a linza L. and thé brown alga

ctoaeira barbata (Oood.e-t Wood. )Ag. froa tbe RonaniaR
Blsclc Sea shore were experiaentally deteminedt for

59Pe - 3, 227 aad 453 (Augnst), reBpectively? for 65Zn ..
7, 147 and 2, 444 (August), reepeotively} for 9Sr - 6$
and 120 (June), reapeotlvely.

INTRODUCTION

Thé relatioaship between thé concentration of a che-

nical élément in orgaaisms aad environmen-b (e. g. water) dépends OQ
bo-bh thé élément anfl -fcjie organism. It; is knowa .bhat; only some
organisais, like e. g. seaweeds, exhibit a me'babolic adjustment for
.brace elenients. Ihas, thé exten-b to which an alga adjusts -bhe
uptaJse of a trace eleiaent is yery impor'fcant when a pollution of
thé environment with me-bals or their radionuclides is possible.

Nowadays it is accepted. that among marine orgaBisms, 'bhe
algae show a strong concentration ability of radionuclides(5>3?he
bentu. ie algoflora from thé Bomanian Black Sea shore, thougfa de-
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creaseâ at présent botù quaatitatiTely aad qualitatively (2, §). is
interesting also froa thé menti oned viewpoint. Ânong thé main
algal species along thé Komaaian shore, witîl knoTO_ch^cali^;~
posirion (ê.ig*li>lê«i2) fche concentration factors of I« . ^G8
and W5s l^'5£siïfâZ^^â haye been alreaày deternined uader
espei '.mental conâ-i-fcions (à-).

As to référence data soacerniag the^ coiicentration
factoï of other radionttclides, like 59Fe and b>Zn, in benthic
marine algae, for 59Fe there are less iQfMnatlon (e. g. ^, gg).

"Thé concentration factor Of o:?Zn in benthic algae is
better taown. Tfaus, this concentration factor «as Mgfaer in thé
green alga .BBt^£^2£EÈâJAagS as compased to thé browi ̂ alea

theconcentration factor Taried with aaliDity, aBd tbe
^hotos^thetic rate rathes thaa surface a^ea of thé Blga^iae^a-
eûced-:tae apta^e of 65Zn Auring tto firsî; three î-. oura (§). Tîie
aptake of 65Zn ïy 6 species of algae, %hlch occ»ired only in thé
light and proportional^to gross oxygea prodaction, ï'aried Tdth
speciess consequently, 65Zn bas possibiiitxes sa a tool fo^ thé
measure^ent of primary p.-odactivity (2). Or,, toe uptate of -Zn by
^SL^Ï^ÎM àecr-eased wjth 12-5^ as conipared to thé eontrol Tsy
aâlingï ml Dm* l"1 ^}.

In ï'Ji othor'browa alga, &^j£ar.i.â^A^às&Sâ . th® concen-
tration i-ac-bor âeù^eased as thé sea wateer conceatrafcion of Zn
increased, iaitially at leasf. it was towâ. that thé aptAe of
this radionuclide is a graduai process of accumulation and is not:
accocapanied by the_exch8û6e of Zn ("net uptake process"); once U
bas ̂ en absorbe d, 65Zn, like Zn, shows^lit-cle tenûency to be lost
froa thé plant (6). ïhe transfer of 65Zn was studied also along
food chaias, e. &. î'uciis serratus o-L-ttori obtugsÈâ (êg).

Experiments carried out on Black Sea algae evinced that
.i, S xnhibit7initially thé aptoke of 65Zn by Ulv _l^tuca and
<^^o^3 ra barbata; also that thé constant: présence of HgS in thé
^viron^nt "cauaeâ. thé àeath of algae and favoured thé more
iûîense uptake of 65Zû by toem (12). Also, a dependence between
'i5Zn uptake anà growtîli in Ulsâ^j^âsi. occtirsd (lj^.

Concerning thé Sr, from thé study of ^Sr distribution
.

a thé GvBtoseira comiiiunity, it resalted -that among algae this
adioûa^7Z^Ts-most; coneent-rated ïy thé brown algae Gygtogeirq
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(OPa6o) axul ̂ a^.a(G?a26°) and l)y thQ Eeà al8& Corallina (CF=26o)
(^), For Cystciçeiï's, l>8.E'îîat;s fehe décisive rôle of fucoid.an,
lanlnarine axid algalose conoeming thé extraction of -7"Sr from

sea va.tec was specifieâ. (lê)îalso that fucoidaa concentrâtes 7 8r
and th&t 11 stinalates tus fixation on alginic acid (15).

Ifae aia of tt» présent paper consists in thé determina-

tion of thé concentration factors of ^-Te, "''Zn and w7Sr in

Ente.comornha linsa and Oystoseira barbata from thé BoniaBian Blaok

Sea sJiore.

MATESIAI. MEQ METHOD

Specineas of 5sÈê£SBOSEhe-.MnzS (Clilorophyta) and
gj^to^ç^ça^'bas'ba-fea (Phaeophyfca) collected at Jupiter (Mangalia)
in. Juae and August 1981 were used{ C. 'barbata waa cleared of epi-

biosis (Çeraiaiara sp. » SssEsSsliS^&^&S^Sseïcsâ).
Laboratory experiments were perxormed during thé

periods June-July and August-September, in continuoasly aerated
aquaria, oon-baining 7 l previously filtered sea water (pH=8. 1 and
S?5o=12. 45, and pH=8. 1 and S^o=l4. 98, respectively) . Thé algal mate-
siel was kept 24 hours in thé aquaria for accomodation before thé

adding of radionuclides» ^Fe, ^Zn afid ^Sr were aseâ as
water-soluble salts (59FeGl^, 65ZQ01^ and 895r01g). Duration of.
expérimenta vas 21 days for B. linz and 15 days for C. barbata.
Sadioassays were carried out after 2, 4, 7, 14- and 21. days for
E. linz and. after 2, 4, 7» 11 and 15 days for G. barbata. Because
of thé difficalty of maintaining thé algal ma-terial longer alive
uider experimenfcal conditions. it is possible that thé eqailibrium

concentration factors were not always reaohed. Thé control showed.
walues near thé nataral 'background.

Light intensity and .bemperature during thé experimenfcs
(a. a. ) ranged in Jane-Jaly "between 24-0-57, 888 Ix and between
22-25. 5°0 and. in August-September between 25o-4, 655 Ix and
22 - 25°C.

Thé activity of radionuclides was assayed both in thé
water and in fche alga. Water samples were obtained by evaporation

of 2oo ml (salt). Algal samples.previously weigheû (fresh weigh-b),
were o'btaineâ. by carbonization ai: 21000 and. oalcination at; 480 G
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(ash). Aliqaots at tiie samples we.pe radioassayed on t&rgits usiag
a low baekgïotmd 3Saclear Enterprises bêta eouater with 8»
efficiency of 14?ê, for l, ooo s, at least 5 tiaes each. Sue reaults
vexe expressed infresh weiglit.

Concentration factoss (GP) were calculated for eacîi
^aâioiuiclide»

.

eBB_iCl__a@S_jA

cpm ml-* water

EBSDIOS ATO DISCUSSION

Goncejaing thé ©xpeï-imeats with 59Fe, in SnÈ^i'o
linza between 578 - 5, ^67 op»/loo g fresh ireiglrt wei'a foonâ. dur-
iag Jane-Jaly aaâ fcâtween 2, 578-9, 525 esa âasiiig Aueust-S^>teB&er.
Tte maximum activity for bote seasons ocoured af-ber 2 days. Thé
concentration factors were Mgher in Augast, wS.th thé aaxitaun
^alue 5, 227 (Ta-ble Dî coBparatively, for B. intastinali-s a concea-
tration faotor of 5oo is knom (11), which means an order o-f

less than for S. linza from thé Bomanian Black Sea sîiore.
Table

Variation of eonceatration îactor (0F) of -'-Te
in En-beroinorTiha linza uiider experimemtal âonâltions

(Jiuie-July and August-Septemïîer, 19S1)

Month

.71-711

lime Residue Residiie Resi-
(days) from

loo ml
water

viii-rx;

2
4

7
14
21

2
4
7

14
21

1.27
1. 27
1-25
1. 51
1. 4o

1. 7o
1. 6o
1. 67
1. 84
2. 0?

from
loo g
alga
(fresh
weî. t

4. 85
7. 51

11. 71
lo. oo

5. 55
2. 92
4. 27
5-75
o^ô2
8. 59

due
cpm.g

5. o6
1. 65
2. 17
2'°î
1. 47
5. 59
1. 55
2. 72
2, ?o
5. 55

Ash Wate£/ Alga/
cpm. g loo ml loo g

cpm f«w*
cpa

CF

638. 20
461. 65
158. 24
57.82

256. 29
^576. 77
^605. 75
5êl5-26
'544. 24

5. 9o
2. 11
2. 66
2. 66
2. o5

7.85
2. 89
6.93
7. 55

2o4.84 16.87

5P95.27 794
^66. ?? 1^5
1^52.99 '697

578. 2a 217
yo6.66 657

.. 62 1,L61
524. 79 5^27

S'p54. 27 ]ÇL62
5^18. 50 455
^77. 9o 155

In 0 toseira ïarbat between 49o - 652 cpm were foand
during Jane-July and between 954-1, 899 cpm daring Âugust-Septem-
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ber. Thé maximum activity occured after 7 aad 12 days,respective-
ly. Similar ccncentra'feion faotors in both seasons were determined,

wi.th tbs îii. c^SBt value af 455 in Augast (Ta'ble 2). Earlier data
iiiâicate for tliis species a Mgher coaoeatration factor, of l, 060

(l^. ). Also for -'?ï'e, ia an otùsr tarown alga, Fucus serratus, after
a loiiger period (7o dsys), liigfaer equilibriam concentration
ïastoss, raagiag batweea 2, ooo - 2, 5oo, were found (2o).

Table 2
VEoiation of concentration factor (0F) of . '^îe

in Gystoseira barbafca oader esperimental conditions

(June-July aad Augast-September, 1981)
!=c==a=a;=s;=;:==s=aa==! !csss==ssas=sasssss=!a=a

Honth

VI-VII

Tine fiesidue Residue Besidae Ash
(days) fron

loo ni
water

fron
loo g

epm. g cpm.g
Water/
100 Btl
cpn

VIII-IX

2
4

_7
11
15
2

4.

1̂5

28
15
55
4o
42

1. 65
1, 52
1. 5o
1. 82
1. 78

(fresh
wei t
7, 86
8, 42
7. 4o
8. 5o
5. 80

?. ?0
4. 55
4. 5o
5. 9o
5. 9o

Alga/
100 R
f.w.
cpm

GP

2. 6?
1. 88
2. 15
2. 95
1. 88

2^9
1. 72
2. 89
5. 15
1. 50

72 «ô3
68.52
85. 46
72. 89
97.9^-

182. 84
219. 92
217. 71
524.5?
272.76

5^5
2. 16
2. 8?
4. 15
2. 68

4. 69
5. 8o
6.58
8. 67
5.52

566. 15 165
575. 25 266
652. 40 220
619. 99 1^9
489. 7o 185
95^. 15 19?

ylo.85 545
1^85. §7 226

i. 85 219
3,595. 64 455

It follows that regarding thé two algal species from
tlie Bomazilan shore, a Mgher concentration ability of /'Te was

deternined in thé greea alga B. linza as comDared to O. barbata.

As concerna "-/Zn, in E. linz toefcween 267 - 559 cpm were

fooaâ. daring Juixe-July and between 7, 119-15»o21 cpm during August-
Sepfcember. In bofch aeasons thé maximum activity was registerei

after 7 âays. As for ^7E'e, .the concentration factors were liighes
in August, with thé Ugliest values 7, 14? (Table 5). In E. linz tte
concentration factors were guich higher dariiig Aagust-September.
Oomparatively, concentration factors of 127 aiul 29o, respec-biveljj
for thé geeen algae TTlva rieida aad U. T>ertusa are also taiown (là-)*
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TÊblA_3
65,

Variation of eoaceatratioa factor (GF) of "-'Zn
ia "nâ®r sxperisaital ctmâitions

(îûM-July aaâ August-Septeaber, 1981)
es^oessssssssssES!

Tiae Resiàae Sesidae
A (days) fron froa

loo ml loo g

_.'%L8âi

ssssssssse^sissasssssssassss

Besidue Ash
epa* g cpa. g

îater/ Âlga/
loo al loo g
cpn f. ««

cpn

T. 5o~ 5. 52 4. oo 59. 7S 5.2o 5l^. o2
î:2^ 4:58 1:51 58. 5^ l. 91 11^^
î^25 7^97 2. oo . 42. 58 2. 5o 558-53;
î:^ 5:88 2:96 48:15 4;^ 28^.^
î;56 S^Tl i. 67 39. 99 5-65 268. 55

i;t? lt:P 1?:P i:?l NI îW^
1:I i!:| Î:I: ii |"|î^|
2:oS Ïo'. ^ o. 45 576. 71 i. 5o 9^9o. 79

^swssts. sssccsssssacss:

el
14o
155

68
74

37
^*7

529
147

^1 - VII 2
fy
7

14
21

Ttlî- 2
4

.7
14
21

KSSSESSSSSKESS:

Honever, nore récent _àata in&icat-^ for too
Mgâer concentration factors of 65Z&, of l, o8e (Jeauary) a0^1'280
'Jaly) (12), <s.r thé Ughest soncentration factor ?f 2'905 a2)^

5 In G^bâsMte too. after thé upfcake of °'>Sa, lover &cti-
ities, befcween~57~-248 cpm ûuriag June-J^y, asa found eompa^ed

-o'thûse'between l, 45o - 7, 5o4 cpm during Ai.gast-Septenber. Thé
^ighest âctivities. occured afc ̂ lie begimiing of experiments, aftei
bhe 4sh aad thé 2nd day, respectively. î'te et. acentratioa factor,
aiso much higher âuriiig thé secoad êxpfcriment, sJiowed tlxe higïiest
-ralue o£ 2. 444 (Ta-ble 4). Previous âata inâicate for G. barb^ft a
l wer concentration factor, of 186 (là). For thâ same species,
récent data emphasize siailar concentration factors to those de-
-erinined in thé algal ma-berial origi. nati.ng from thé Bonaiiian

re, aaaely of 8?o (January) and 2, o7o (July) 42) : _in thèse
sxperimeats thé concentration factor in thé brown alga-S^âEÈaÈS
as M^er than in Ulva rieida .<iuri°8 ^a suamer season.

Very similar concentration factors ase known for other
-^roim algae 'too, e. g. fron thé Atlantic Océan, like Lffninarî-ft

1; - 2,455 (6), o-r even mch higher, like Flinnff ffçrrft^ns -
10. 768 (2g).
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Variation of concentjation factor (OP) of 65zn
in OvBtoseira barbata ander expérimental conditions

(June-July anâ. Aagust-september, 1981)

Table 4

Month
îine Bestdue Besidue Hesidue Ash
(days) fron fron cpn. g cpm.g

loo al loo g
water alga
(g) (fiesh

BSSSSSSSSÎ

Water/
loo ni
cpn

ssss

Alga/
loo g CF
f.w.
epm

VI » VII 2
4
7

11
15

l,
l.

52
5o

1.51
l,
l.

52
?8

TIII-IX 2
4

_?
12
15

1-55
1'55
1. 72
1.74
1. 95

5.5o
5. 6o
6.4o
4-57
4. 95
4. 6o
4. o5
4. 25
4.5o
^t-. lo

5-4?
5-99
2. 72
2. 82
5. 17

16.51
44. 51
54. 88
42. 49
54.98

1.46 1^45. 24
5. 75 rl76. 46
o. 5o 259.66
o. 68 25o, 68
o. 74 252. 57

4. 6o
5. 18
5-56
5. 72
4. 57
5. o7
2. 19
1. 50
1-79
2. 15

57. o8
248.15
225. 25
185. 68
175. 15

12
48

65
5o
40

i.81 2^144
^i5, 82 ^o62
3327.82
3,487.88
1,450. 29

==s==============a =========== =:=============

Higher values of thé concentration factor of 6^Zn in
thé green algae as coinpared to thé brown ones, like for E. liaza
and G. t>aT"bat;qL from thé Somsnian shore, were observed for other

species too, e. g. in ̂ a^ssa eompared to Sarsassum (2).

Variation of conceQtration factor (CF) of °ySs

in eroBor-Dha linzo imder expérimental conditions
(June-Jaly and Augus't-September, 1981)

Ta-ble 5

:==c====s======_'s=s===a==a;==s;========s======c==========ss=sa

Time Residue Besidue Residue Ash
Month (days) from from cpm. g cpm. g

loo ml loo g
water alga
(g) (fresh

wei t

Water/ Alga/
loo ml loo g CF
cpm f. w.

cpm

VI - VII 2
4
7

14
21

VIII-IX 2
4

7
14
21

l.
l,
l,
l,
l,
l,
l,
l.
l.
l.

, 28
18
35
59
4o

55
66
61
72
9o

!=;======;==;=;

5. 15 5^. 5o lo9. 61 44. 0? 564. 49 12
ll. o6 22. 05 156. 85 26. 61 1754. 55 65
4. 66 28. 12 492. 59 57. 54 2294. 55 61
5.27 25. 15 510.72 32.15 1657.49 51
5. 84 18, 59 572. 22 26. o? 1429. 52 55
2. 64 55. 76 197. 75 187. 14 621.12 5
5.1o 118, 5o 427,47 265.72 1^75.18 6
5.59 65.72 lp81.66 158.o5 5^57. ;tô 54
3.55 9^. 98 J^8o.l5 245. 75 ^8?2.47 28
5. 5o 66. 57 3^87. 16 188. 97 53i8;66 28

;==========================================;;;
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As coaoems 89sr, -thoagh lotù for E. linza aad C. barbata
high activiti-es were radioassayed in thé twoperiods, ranging
"between 565 - 2,295 cpn aad betwsen 1,268-1, 843 cpm, jespectively,
tue coaceatration fac-bors are much lower thaB those for ./7Fe asd
6^Zn« Thé maximum concentration factor of y3r, obtaiaed, for both
species in June, were in E. linza 65 (Table 5) and in G. oarbata
12o (Table 6).

îabl 6

Variation of concentration factor (OB') of u:7Sr
in Çvstoseira barbata under experimen'bal conditions

(June-July and Âugûst-ÊÎeptember, 1981)
!S==sssses-

Montfa
lime Resiàae Besidue Eesidue Ash
(days) from

loo ml
water

71 - YII

VIII-IX

2

4

.7
11
15

2
4

7
12
15

. 56
. 2?
. 54
. 56
. 58

1. 51
1. 6o
1. 67
l-55
1. 71

from
loo g
alga
(fresh
wei t

4. 75
4. 9o
4.8o
4. 6o
?. 9o
4. oo
4.. 60
4. 60
4. 1a
4. 5o

cpm. g cpm. g
Water/ Alga/
loo ni loo g
cpa f.w.

cpm

19. ol 368. 89 25. 85 y/l-5. 52
12.25 576. 0? 15.31 I^<-2.69
14.99 5&0. 54 2o. o8 î^?o. 59
15. 22 587. 95 17. 97 ÏZ^-^Z
l4. ô8 525. 10 20. 25 3,267. 87
75. 48 125. 58 147. 61 _/<-26. 4?
64. » 50 1,470. 5^ 159. 92 ^629. ?o
54. 17 1,492. 62 13^. 65 lctP^'5o
45. 7? l^o?. 95 _ 99. 67 9.o52t-. 5o
42.48 1,521. 95 107. 15 ^91. ^0

68
12o

86
99
65

à
Il
81

S SSS2SSSSSS3SSSS3S1

Thé présent data are considerably Jaigher as coaç>areà to
thé conceatration factor l known for E. coraDressa (14.),.bo thé
concentration factor lo found for G. barbât frora thé Somaxiiai Elask
Sea shore by indirec-b raâioassays (4.) esâ. to thé concentration
factor 4o obtained previously also for C. barTîata from thé Black
Sea (14).

CONCLUSIONS

l. Thé following relation was established be-bween thé

concentration factors of thé invesfcigated raâionueliies ia Entero-
mot-nha linza and Cvatoaeira bar'bata: Î'G 65Zn>FC 59?e>PC 89Sr.moruha linza and

2. Tue following maximam concentration fac-bors vese
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experimentally àeternined ia E. linz^s for 59Fe = 5, 227 (August),
for 65Zn a 7J.47 (Âugust) aaâ. for 89Sr a 65 (June).

5. Ihe following maximum concentration factors were
experimea-fcally determineâ in G. 'bsjbata: for 59Fs s 455 (Auguat),
for 65Zn = 2, 444 (Âugust) aad for 9Sr = 12o (June).

4.. Grenerally, maxiaum values of thé concentra-bion
faotors were recordeâ. for both species after 4 days from radio-
auolide addition.

5. Thé data obtained suggest thé algae E. linz and
C. barbata as possible 'bioindicators for thé contamination of thé
coast al marine ecosystem wi.th 59Fe and 65Zn and with 59Fe, 65Zn
and "'7Sr, respect ively.
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