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MACROPHHES ALONG THE ROMANIAN BLACK SEA SHORE
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AB8TRA.CT:

Thé concentration of 23 chemical éléments con-tained in
11 specàes of marine algae and phanerogaas collected
along thé Ronanian Black Sea coast hâve been determined.
-A conparisoc. with earlier ciionical déterminations ox

Na, K, Ça and Kg concentrations ie briefly presented.

INTBODUCIION

Thé knowledge of thé elemenfral chemical composition of

marine organisms aad particularly of that of seaweeds is importan'b

due to thé concentration capacity of thèse éléments from thé

environmeafc. It is also toown that thé analysis of thé chemical
composition of marine flora is an useful aiid. inexpensive method

for evaluating métal contamination (7). Ihus, some species can be
used as environmental indicators for différent chemical éléments

(l, 1g,W.
Tlie présent paper deals with thé càemical analysis of

thé main macrophytes ezLsting nowadays along thé Bomanian Black
Sea shore.
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Tîiese data constitate a cofflpletion» &s to thé aaaber Qf
inveBfcigated %.teeies, of previoas resalts obtaiaed ly neans af tue
ne&tron sctivatioa âaalysis ix. Soasuiiaa ai logical reseascii&s
(S. ê5-

U£SERÎ£L ASD UEFHQD

Saaçles of ma.eine baBthic aacrophytss, ly 5 ealoro-
pfayceaas, 2 phaeophyîseasas, 2 rhpâ.ophTesans ead ? pîianer&gaos,

collected S&sias 197B &od 198t, (ï'able l), wera w&sto-ed, dff.isd
(lo5°0) and ashed (480°C).

ïhQ ne an Mj'&rafcctre Ç% of £s»sh s-gXÊ.Lt) effi.a «îfec- âry
weight/asli ratio were determineâ for eacli, speûitss

A&ted Eamples ia thin elamiaiutî foils r^!  Irradiat^d
£o£ ?o àoare at £. ?xlo21 W<S^. B s^u-^ozi flux â£ ^7?Â&-£ reac^or
(IPra-Bucliarestt/. Aftes 8 "onling ^irae et aboafe le eQiî ?e dsçî-s . î-lie
samples were . oeasured at 65 sir? 60(1,1)-<ÎB5-iSO Sctec'^. i; (2^ ye?
résolution at 60Co) is coimectioû wifct a tsiû. t. icîias&el. â sïi&l-îaRï
CIOÂ-?o). îhe measiu'eiîeat . ^i.m, was 5o niafffeR S or 2 .tear.

Thé concentration of thé foUwteg iosg li.veâ. elspgats
Ba, Ga, Ce, Go, Cr, Cs, Eu, Fe, Ef, La, .Lu, ab. Se, .Ssi. Si?;, £li;ro
aad Za bas lj3en âeterEiûed. 5SP-1, 3oil-5 8»& ̂ -1 s-fceuiê&sê rocfcs
were isradiated tog^ther with saEplesîfor Ça aad Sr dfetenai,aeî;;-'ns
CaO anà SrCO-r standards wese used. Thé gaîsfia spectra® of

obtained after long irradiation, la exBssçliîieâ (Fig. l).
For tee détermination of tus r-oacaatra-bioa of sîmxt

lived eleneuïs short irradiations (5 mia&te s) ia es ai^ s&ïMt
System of thé reactor were perforaed, thé samplee wer& tEeasareâ
(2 miautes) usine 4;he same set up after. 7 ço 50 Binâtes ttl- t;ooltng
time. liie concentrations of AI, Mg, ÎSr. » .S& as& K were 3®teratiied
using W-l, Soil-5 stand. arii rocks anâ. SMo.O^ solation. Shs gaaiaa
specferum obtained. after siiort; irradiatoion oî S£Z2££l^Eî-S. -'IS& s-5
exemplified (Fig. 2).

7 was founâ. in two samples asd. Ti in oae saffiple.
Thé concentration of elemeabs àete^sined iu aaheiS aa'Eb-

ri.al is expressedL in % os in ppm.

176



s

"§
^'
^

SOÛÛ

^ 5000

_§ woo
^
^ 3000
$

^ sooo
/ooo

ffryops/s p/u/nos3
Pux: /ff/sn. cm-S. S~/
frr3(//'3^/o/? f/'/ne : 5 /n m
ffecl3y //w<? : /3m/'/j

Covnf f/me : fmw

<^
l ^

^
.^ ^

/oe soo soo ^oa sou

<l-
^
è^
^^
^^i

^
^
N

^

.^
?5
j

^^
Ïî?
^^
^'^
^^

^
?s
^

(Ï

§

^
^

^̂
^
^

.i
< <

q;
-y

.̂

^
cS^^
^i
r;";ç

eoif 700 eoo soa MCB //<%> /soo /soo Mffff /soe /sos /?so

<%?/w<?/. r/t/ffpôer

Fig.l - Gamma spectram of Br.yousia Blumoaa



Cône entr at ton o£ major alenenta

of marine algae and phanerogams

Spe oies Loeality ̂ ~ ^. W Ba (.%.) Ga (%) K W
date

OELQROPBÏTA

Enteromorpîia
linza

Ulva
lactuca

Bryopsis
plumosa

Agigea

Jupi-
ter

Agigea

Oladophora îechir-
vagabonda ghiol

c,Laf3;°" A^e"

Aug»,
1978

ë?e
May,
1978
AU®.,
1978-
Âpr.,
198o

PSAEOPSÎPÂ

Gystoseira
barbata

Jupi- Aug.,
ter 1978

Scytosiphon
lomentaria

.ïan*,
198o

HHODOPHYTÀ

Ceramium
elegans

Porphyra
leucosticta

PHANSQOGAMÂE

Zosiera
nsxia

Postera
marina

Agigsa g^-
Aeigea î^o-

Bforie Âug.,
Sud 1978
Sforie Aug.,
Sud 198o

o. 45±o. o2

o. 51±o. o2 o. o53±o. oo6

1.70+o.Q? ll. l±o.9

o. 68+o. ol o, ol5±o. oo8

2. 75±o. o5 o. o5o±o. ol7

o. ?4+o. o? o. o64to. oo6

l, 4.?±o o? o, oc;5±o. ol6

2. 5 ±o.o5

1.41*o. o6

l. 5±o. i o. o26j;o. oll

o. 58±o. ol Q. o26^o. 008

^-. 2to. 6 9. 6±o,6

8. 2±o. 6 10, 4^0.5

5. 6±o. 5 7. 2y;o.5

1.8+C.4. lc.. 6±o.7

7. 5±^ . 6 22.4fl.l

8. 2+0.6 22.4±1.2

8. l+o.. 7 15.8.tl.o

A.. 5±0.4 ?. 3.t0.5

4. 0^0. 5 l?. 5+o.7

5. 5±o. 5 14. 010.6

11. 5+l. o 12. 0.1.0.6

maximum conceatr . cion
BiinimiiSt concentration

6.4 74o 6.4 5,0

1?8



Table l

(% of ash) from 11 species

along thé Honaniaa Black Sea shore

assaas=s====as=sss=s=sss=saass=s=s=ss=ss===s

Fe W Mg(?6) Mn (%) Na (%)

;ssss==s===ss===

Sr W Zn (%)

o. 51±o. o? 6. 4±o. 7 o. l59^o. oo2 lo. l±o., 3 o. l5±o. o2 o. o27j;o. oo5

o. 2?±o. ol 6. 9±o«? o. o48j;o. ool 6.&to«2 o. l3.t°«o2 o. ooS.to. ool

1.15±o.o4 1.5±o.4 o. lo6±o. oo2 6. 8^0.2 1.9o±o. o6 o. oll.to. oot.

o. 4o±o. o2 1. 6±o. 5 o. o45^o. ool lo. S^o. 2 o. o9±o. o2 o. o21.to. oo4

1.63±o.o5 1.9±o. 5 0. 10-4^.0. 002 5. o.to. o. l4±o. o5 o. o5o±o.oo6

o. 57±o. o2 5. 6±o. 4 o. o55.£o. ool 6. 5±o. 2 l. 2o.to. o4 o. 005.1.0. ool

1. 4-o±o.o5 2. 5±o.5 o. o55.to. ool 6. 7^o. 2 o. 52j>.o. o5 o. o42.fo. oo9

l. ?o+o. o4 2. o±o. 4 o. 215±o. oo2 6. 2.to. 2 o. 08^0. o4 o. ol5±o. oo5

l. o?±o. o5 2. 6±o. 5 o. 056^0. ool 11. 6.t.o. 5 o. l?±o. o5 0. 058^0. 008

o. 99±o. o5 6. 710. 7 o. 628.to. olo 9. o±o. 5 o. l9±o. o2 o. ol8j. o. oo4

o. 58±o. ol 2. 5±o. 5 o. 119.to. oo2 9. 8j;o. 5 o. 6?^o. o4 o. olo.to. oo2

6.5 4.6 19 2.5 25.8
ss===sss=s==a====sss=============:
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BESCTLTS JUTO DISOUSSIDIÎ

Thé concentratioiis of chenical éléments are differently
preeented as major éléments - % (Table l) and trace éléments- ppn
(Table 2).

Bsside thé eleaents oontained in thé tables, thé pre-

sence of V in Ovstoseira barbata (12+4 Tyomî and Cejamium eleiîans
(29±6 ppm), and of Ti in Sc-Ttosiphon lomeataria (o. 43±o. o^. ?S)
is evinced.

In thé tables, thé ratio B meass thé coefficient between

thé Mghest and lowest concentration of an elemenl:. Generally,

a variatioa within an order of magnitude of ratio B is observed.

Exceptions concern thé eleneats Ba, Sr, Ea, Mn, La, Hf and Th for
which thé ratios of ?4o, 24, 2o, 19, 15, 15 and 11, respectively,
show eignificant différencies anong thé analyssed specieso

Thé élément Ba. for which this ratio ta very high (?4o) ,
is very concen-brated in Br-roTîsis ulumosa (11*1 ̂ ), as compared to
CladoTiliora vaeabi.mcLa with a minimum Ba content; (o«ol5 SS), showing
thas a variation of almost three orders of magnitude. Br-yopsis

Dlumosa is interesting also due to its high content of 8r(24- times
higher thaa in Ceraiaium eleKans), aiul of La (44. 7 ppm) and Os
(2*4 ppm) as compared to Gladouhora vaeabunda (5 Ppn) sud Slss
lactuca (o«5 ppm), respec-bively.

But BTTODSJS Tïlumosa has thé lowest concenfcrabion values

concerning K and Mg as conpared to -bhe other species.

Other chlorophyceans, Enteromorplia linza aad OladODhoïa
vaKabunda, do not évince a high concentrafcioa for none élément,
as compared to ofcher species: .fchey show thé lowest coneen'brations
for Al, Rb and Se and for Ba, Oa, Ce, La, Lu, Rb, Se, Sm, Th and
Yb, respectively.

Cladophora sericea shows, high concentrations for Al, K,
Cr, Se and a lowest value for Na concentrafcî-on, aiid. Ulv lactuc
a liigh concentration of Mg anâ. a lowest concentration for Fe, Zn,
Oo aad Cs.

Àmong phaeophyceans, Sc osi hon lomentaria is interest-
ing due to its high concentrations of several éléments: Zn, Ce,
Eu, Hf, Lu, Sb, Sm, Ih aad Tb, and low values for Mn and Or.
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Concentrât ion of trace eleaea'be

of marine alfiae and phanerogans

Species Ce (ppm) Oo(ppn) Cr (ppn) Os(ppn) Bu (ppn) Hf(ppa)

GHLOROIBÏTÂ

Enteromorpha
linza

Ulva
lactuoa

Bryopsis
pluaosa

Cladophora
vagabonda

Oladophora
sericea

EBLABOPBTDA

Gystoseira
barbât a

Bcybosiphon
lomentaria

EHODOEEÏTA

Ceramiam
ele gans

Porphyra
leucosfcicta

PHANEHO&AMÂE

Zostera
nana

Zostera
marxoa

6. 8±1.5

8. 1^0.8

21.4+2.0

5.îy;l.5

26. 51.2.5

6.4+0.7

E
>nc.

min. cône.

25. 5±2.2

17±2

17. 8.tl.7

6. 7+1.0

8.1

7.^±o.4 18.5±2.5 1. 0^0. 2 o. 51±o.l2 o.9io*2

5.5±o.2 14. 5^:1.4 o. 5j;o. l o. lqjt.o. o? l. qio.l

7. 6±o. 5 50. 7^5. 0 2. 4^0. 2 ©.?9±o. l2 5. 0^0.2

6. 1^0. 5 U. o^l. 4 1. 1^0. 2 o. lZfo*04 o. 7±o.2

9. &to. 4 4o.?±5. 2 1. 9!±o. 2 o. 5oio. io 2. 5±o.5

6. 0+0. 2 14. 2i;l. o l. ojto. l o. o5.i;o. o2 o. 610.1

7. o±o. 4 7. 9±o. 5 2«lj;o. -4. l. o ±0.2 7. 8^0.4

17.5±o.6 55. 0^2.5 2.2^0. 5 o. 55±o.lo 2. o.to.2

6. 2±o. 5 5o. 5±5. o 2. 5.£o. 5 o. 52±o. o8 2. 5±o.5

25. 6±o. 8 2?. 2±2. 5 l*6±o. 2 o. 55±o. o8 1. 4±o.2

9. 2^0. 5 11. 2±1. 1 l. l±o. 2 o. l&to. o4 o. G.to.l

7.3 5.2 4.8 2o 15

»BB====S!
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Table 2

(ppn of ash) fron 11 species
along thé fioaaiiiaa Blacfc Sea shore

Iia(ppm) Lu (ppn) Rb(ppm) Sc(ppm) Sm(ppm) Th(ppm) Tb(ppm)

5. 2±o. 5 o. o?.to. o2 52±lo l. l^o. l o. 5±o. l o. 9±o. 2 1. 5+0.6

3. ^±o. 5 o«o7.t;o*jîl 35^ 9 l. l^o. l o. 9.to. l 1. 2±o. l o. 5±o.2

44-. 7±2.7 o. lo.to, o2 56± 8 5*6j;o. l 1.5±o.2 2. 8±o. 5 0. 8+0.5

5. oto. 5 o. o5±o»o2 52,1 8 l. o.fo. l 0. 5^0. ! o. 7±o. 2 o. 4±o.5

15. 5.to. 7 o. lB.fo. o^ 65±2o 5. 7±o. l 2. 5io. 2 ^-. o.to. 5 1. 5±o.6

5. 5±o.4 o. o5±o,ol 84t 9 1. 8±o. l o. 5+o. l o. 8+o. l 0. 4.+0.2

24. 7.t2. 5 0.2510. 04 8&«.18 }. 6^0.1 5. 9±o. 2 7. 9±o.5 2. 5±o.8

l5. qio. 9 o. l5±o. o2 85^15 5. 5±o. l 2. 1±o. 2 5. 9±o. 2 l. ?±o.6

lo. 9±o.9 o. l4io, o5 57±1? 5. 5±o. l 1. 5±o.l 2. 5±o. 5 1. 5+0.6

9. 7±o. 9 o. o9io. o2 68.flo 5. 5±o. l 1. 6.to. 2 2. 6to. 5 o. 8j.o.5
/

5. 1^0. 4 o. o6j;o<ol 48t 7 l. l.fo. l o. P.fo. l o. 9±o. 2 o. 4±o.2

14..9 7.7 2.8 5.7 7.8 11.5 6.5
;=S;=S==! ;====ass:
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G«rnmiiim eles;ans. among rhoolophyceaBS, évinces a highest
concentration for îe aod a lowest value for Sr, and Porph'yr^
leucost'ct a higheat concentration for Na.

Among phaaerogams, Zostera nana bas thé Mghest concen-
tration for Mn and Go, aaû Z. maruia thé Mghest coaceatration for
Oa anâ. lowest values for Ib and Ht.

Quite similar concentration values among species are
visible from thé tables conceraing thé major éléments Iîa, S, ag ,and
even F e,Ça aad Al, and conceming thé teaoe slements Bb,0r and Se.

Coacerniag thé concentrations of Na.E.Ga and Mg, values
of thé saae order of ina^itaâe as previous ones obtained -by che-
mical methods (lï) resulteâ using neutron activatioa analysis:
some di.ffejîsnces'occiu-eà only for Ça, consisting in loves values
obtained using a.eatron activât ion analysis.

There are numerous refereaues coDceming thé chemical
compoaL-tlon of marine macropliytes. but less for a direct eoaparison
B-ith our resul'fcs.

However, we exemplify soOe of othes author's data con-
cerning fcùe aame genus (species) from otàer marine areas.

l'hus, among chlorophyseaas, Bnteromor ha liaz evinced
1. 55 ag OrAg dry weight (g), E. coinpressa lo. 9 mg Nt/kg d. w. (3),
anû B. 'rolifeja eoncentrations especially of Mn, Co, Zn, Mo and
Gr (15)î in GladoDhora d-omerate 25. 7 mg Zo/lïg d. w. (ig)î in £iâ-
d'OTihora sp. ixigh conoentrations of Zn, Bb, Se, Or, Ba and Ni(^é)i
ID^JI^ betweeû 1. 5. - 5. 1 mg V/kg d. w. (î) and in U. fençsfcrata

concentra'bion. s of Mn, J?s and Ni (15).
Among phaeophyceans, in Gvstoaeira bartoata 1. 2t-2 mg Cr/kg

à..y. werfi determiued (2Ï«

In Porph-rra. among rhodopii7ceans,using .9îs aeutron activa-
tion analysis, 262 sag Vkg ash anà l? mg Mg/kg ash (5), or 1. 2 mg
&s/kg d. w. and till l. o mg Mb/kg d. w.®) ,aBà in P umb lie lis 66 ng
Zn/kg d. w., 587 miî Fe, 29 mg Ma and 2. 2 mg Ni (15) were found..

in eue uÈanerogam ^os-cera çis.î. anca concen-craïions 01
.Si, Î&Q., Ni and Mo were established (15)'

Ihe accumulation of rare eartîis i-a différent marine
orgaaisms, includiag Ulva lactuca, fijstoseira b rbat and Zo tpra
aa^ns, seems to be spécifie, suggesting thé possibility of their
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U.SQ as iiidicator species? diffejences of one to two orders of

aagûifcude were determined between tliie concentrations of some

eieaents in thé sa.me algal species from -bhe aorthern and southern

Adriatic Sea (11).
It was establisbed. too that; algae évince higher concen-

trations than terrestrial plants conceraing Na.î'e aad Mg, or nucli

liigiier coacentrationa thaxi seawater ooaceming Or (§). Also, thé
Ni contents of linaietic algae are highes than those of seaweeds
0). Bat tha data of différent authors do not coincide always;
thus, for example, highei concentrations of Pe were détermine d in

chlorophyceaas conpared to phaeophyceans (g), or higher ones in
phaeophyceans than ia cblorophyceaQS (1^)*

GOJÎOLUSIONS

l. Thé concentrât ions of 25 cliemical éléments were de-
.ëemined in thé main species of algae and phanerogams aLong thé
Somanian Black Sea shore^

2. Tbe concentrateion of chemical éléments varied depend-

ing on thé t;axonoinic belonging of species.

5. Thé species Oladophora sericea. Br-rousis olumosa and

Scybosiohoa lomentarla evinced numeroas éléments with thé highest

concentration as compared wifch other species.

4. Thé above meationed species require further analyses

of their chemical composition in order to précise their use as

bjLoindicators in studies of marine pollution with metals.
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