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NEUTRON ACTIVATION ANALYSIS OF SOME MARINE
MACROPHYTES ALONG THE ROMANIAN BLACK SEA SHORE
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D Romanian Marine Research Institute - Constanta
Institute of Physics and Nuclear Engineering Migurele-Bucuresti

ABSTRACT:

The concentration of 23 chemical elements contained in
11 species of marine algae and phanerogams collected
along the Romanian Black Sea coast have been determined.
A comparisen with earlier chemical determinations of
Na, X, Ca and Mg concentrations is briefly presented,

INTRODUCTION

The knowledge of the elemental chemical composition of
marine organisms and particularly of that of seaweeds is important
due to the concentration capacity of these elements from  the
environment. It is also known that the analysis of the chemical
compogition of marine flora is an useful and inexpensive method
for evaluating metal contamination (7). Thus, some species can be
used as environmental indicators for different chemical elements
(110,13

The present paper deals with the chemical analysis of
the main macrophytes existing nowadays along the Romaniasn Black
Sea shore.
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These data constitute a completion, as to the number of
investigated species,of previous results cbtained Ty weans of the
peutron activation analysis in Romanian algologicel researches
(3, 6.

MATERIAL AND METHOD

Samples of marine banthic mecrophybes, namely % chloro-
phyceans, 2 phacophyceans, <& rhodophyceans and 2 phenercgams,
collected during 1978 and 198¢ (Table 1), were wasbed, dried
(105°C) and ashed (480°C).

The wmeen hydrature (% of fresh weight) and the dry
weight/ash ratio were determined for each s*pe::;iﬁe::é,

Aghed sample_'sjiﬁ th%n aluminitm; foils were irradiated
for So homrs at 2.3xle” nfex.p neutron flux of YE¥ES-Z2 reactor
(IFIN-Bucharest).ifter s cooling time of sbout lo gnd %o days the
samples were measured at &5 cw’ Ge(Li)-ORIEC detector (2.5 XeV
resclution at 6C’Cc.)) in connectiorn with a wmultichannels snelyaser
(ICA-70). The measurement time was 30 minvtes or I hour.

The concentration of the following 3.0!?;8; 1ived slements
Ba, Ca, Ce, Co, Cr, Cs, Bu, Fe, Hf, Le, Lu, Bb, 5c, B, Sr, Th, Y0
and Zn has baen determined. GSP-1, S0il-% and Sh-1 standsrd rocks
were irradiated together with samplesi;for Ca and Sr debermingticns
Cal and SrC05 standards were used. The gamma spectrum of Geramium
elegang, obtained after long irradiation, is exemplifiecd (Fig.l).

For the determination of the concentration of short
1ived elements short irradiations (5 minutes) im an air rabbit
system of the reactor were performed; the samples were measured
(2 minutes)using the same set up after.7 %o 3¢ minutes of pooling
time. The concentrations of Al, Mg, Mun, Hz and K were deternined
using W-1l, Soil-5 standard rocks and Kiﬁﬂﬂlb solution. The gamma
spectrum obtained after short irradiation of Bryopgis mplumcsa is
exemplified (Fig.2).

V was found in two samples and Ti in one sample.

The concentration of elements determined in ashed mabe=
rial is expressed in % or in ppm.
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Concentration of major elements
of marine slgse and Dphanerogams

e o o s e o o

Species Locality ??ﬁg’ a1 (%) Ba (%) Ca (#) K (&
date
CHELOROPHYTA
ﬁggggomorpha Agigea %;%é’ 0.43+0.02 - 4.240.6 9,6%0,6
gi:%uca i:gi' ?Sgé 0.5140.02 0.033+0,006 8.240.6 1o,4%0.5
?{zgg:;s Agigea ?ggé 1.7040.07 11.140.9  3.620.5 7.440.5

Cladophora Techir- Auge.,

vagabunds ghiol 1978 0.6840.01 0.015£0.008 1.B+c.4 15.6%0.7

Oladopoora  agigea ‘i‘g"éé‘ 2.7540.03 0.05040.017 7.3%: .6 22.441.1
PHAROPHYTA

Cystoseira Jupi- Aug., - y e
o e Lo 1998 0.7440.0% 0.06440.006 8.240.6 22.4%1.2

?gggggéﬁ?gn Agigea {gga’ 1.47+40.03 0,055+0,016 8&.1#c.7 13.841.0
RHODOCPHYTA

corivn  pgiga K5 23 sews - Mmed 310
fgigggigcta e ﬁggé’ Le4120406 - %:01003 13.510.7
PHANEROGAMAE

o - o Sforie AUEsr 1.5 0.1 0.026£0.011 5.5£0.5 14.010.6
EreeE Sforie 281 0.58+0.01 0+02620.008 11.541.0 12.040.6
. _ marximum concentration 6.4 o 6.4 3.0

=~ minimum concentration
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{% of ash) from 11 species
.along the Romanian Black Sea shore

= -~
Fe (%) Mg(%) ¥Mn (%) Na (%) Sr (%) Zn (%)
0.5140.03 6.440.7 0.13940.002 lo0.1+0.3 0.13+0.02 0002740005
042740.01 6.9+0.7 0.048+0,001 6.640,2 0.13%0.02 0.0064+0.001
1.1540.04 1.540.4 0.106%0.002 6,8%t0.2 1.90%0.06 0,01140.004
0.4040.02 1.6+0.3 0.043+0.001 10.8+0.2 0,09%0.02 0,021+0.004
1.63+0.05 1.9+0.3 0.1l0440,002 5,0#0.1 0.14%0.03 0+03%0+0.006
0.5740.02 3.640.4 0.,035:0.001  6.3+0.2 1.20%0.04 0.005t0.001
1.4040.05 2.340.3 0+033£0.,001 6.74£0.2 0¢5240.05 0.042+0.009
1.70+0.04 2.0+0.4 0.21540.002 6.2£0.2 0,08+0.04 0,015+0.003
1.07+0.03 2.6#0.5 ©0.03%6+0,001 11.640.3 0.17£0.03 0,038+0.008
0.9910.03 6.7+0.7 0.628+0,0l0 9.040.3 0.1940.02 0,018%0.004
0+3840.01 2.3+0.3 0.119+0.002 9.8+0,3 0.67+0.04 0.010+0.002

6.3 4.6 19 2.3 23.8 7
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RESULTS AND DISCUSSIOF

The concentrations.of chemical elements are differently
presented as major elements — % (Table 1) and trace elements- ppm
(Table 2).

Bggide the elements .contained in the +tables, the pre-
sence of V in Cystogeira barbata (12+4 ppm) and Ceramjum elegansg
(2946 ppm), and of Ti in BScytogiphon lomentaris (o0.43to0.04 %)
is evinced.

In the tables,the ratio R means the coefficlent between
the highest and lowest concentration of an element. Generally,
& variation within an order of magnitude of ratio R 1s obgerved.
Exceptions concern the elements Ba, Sr, Eu, Mn, La, Hf and Th for
which the ratios of 740, 24, 20, 19, 15, 13 and 11, respectively,
show gignificant differencies among the analyzed species.

The element Ba,for which this ratio is very high (740),
is very concentrated in Bryopsis plumoga (11l.1 %), as compared to
Cladophora vagabunda with a minimum Ba content (0.0l5 %), showing
thus a variation of almost three orders of magnitude., Bryopsig
plumoga is interesting also due to its high content of Sr(24 times
higher than in Ceramjum elegans), and of La (44.7 ppm) and Cs
(2.4 ppm) as compared %o Cladophora vagabunda (3 ppm) and Ulvg
lactuca (0.5 ppm), respectively.

But Bryopsis plumosg has the lowest concentration values
‘concerning K and Mg as compared to the other species.

Other chlorophyceans, Enteromorphs linza and Cladophora
vagabunda, do not evince a high concentration for none element,
as compared to other species; they show the lowest concentrations
for Al, Rb and Sc and for Ba, Ca, Ce, La, Lu, Rb, Sc, Sm, Th and
Yb, respectively.

Cladophora gerices shows high concentrations for Al, K,
Cr, Sc and a lowest value for Na concentration, and Ulva lactuca
a high concentration of Mg and a lowest concentration for Fe, Zn,
Go and Cs.

Among phaeophyceans,Scytosiphon lomentarig is interest-
ing due to its high concentrations of several elements: Zn, Ce,
Bu, Hf, Lu, Rb, Sm, Th and Yb, and low values for Mn and Cr.
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Concentration of trace elements
of marine alfae snd phanerogams

SRR EREREDT

Cs(ppm)

Eu (ppm) Ef(ppm)

Species Ce (ppm) Co(ppm) Cr (ppm)
CHLOROPEYTA
Enteromorpha g,41.5 7.4%0.4 18.5+2.5
e 8.140.8 3.5+0.2 14,5+1.4
giggggis 21.442.0 7.640.3 30.743.0

Cladophora 3
vagabunda 5.441.5 6.1#0.3 ll.otl.4

Cladophora
seritea 26.5+2.5 9.6+0.4 40.743.2

PHAEOPHITA

Cystoseira .
barbata 6.440.7 6.010.2 14.2+1.0

l.0%0.2
"0.5%0.1
2e440.2
1;130.2

1.940.2

l.0t0.1

0314012 0.9+0.2
0.10+0,03 1l.0%0.1
0.39+0.12 3.0+0.2
0.12+0.04 0:230.2

0.50+0.10 2.5%0.3

0.05+0.02 0.6+0.1

?gzgggg?:n %4 700:_0.4 7.9;005 201:004 l.0 1002 7.8:0.4
REODOPEYTA

Ogramlul  55.542.2 17.52046 35.082.5 2:250:3 0.5520.10 2.0£0.2
fgﬁﬁggﬁicta 1742 6.24003 30.3£3.0 2.340.3 0.32£0.08 2.5%0.3
PHANEROGAMAE

Zogtezd 17.841.7 25.640.8 250242.5 1.620.2 0.33£0.08 1.440.2
Zostera

it 6.74+1.0 9.240¢3 1l.2#1.1 1l.140.2 0,18+0.04 0.6%0.1
R = ZaX.0002- 5.1 7.3 5.2 4,8 20 13
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(ppm of ash) from 11 species
along the Romanian Black Sea shore

Table 2

= =
La(ppm)  Ium (ppm) Rb(ppm) Sc(ppm) Sm(ppm) Th(ppm) Yb(ppm)
342405 0.0740.02 32410  1l.1#0.1 0.5#0.1 0.9+0.2 1.5+0.6
34240.5 0407#£0.01 35 9 1l.1t0.1 0.9+0.1 1,2+0.1 0.5+0.2
44.742.7 0.10%0.02 36+ 8 3.6#0.1 1.53+0.2 2.8+0.3 0.8+0.5
30020.5 0.0340.02 324+ 8 1.0#0.1 0.5%0.1 0.740.2 0.440,3
15.3£0.7 0.1840.03 65420 5.740.1 2.5#0.2 4,0%0.3 1.5+0.6
Z.5+0.4 0.05+0.,01 84+ 9 l.8+0.1 0.5+0.1 0+8+0.1 0.440.2
24.7+42.3 0.23+0.04 88+18 3.640.1 3.940.2 7.910.3 2.5+0.8
13.0#0.9 0.15%0.02 85%15 5.5+0.1 2.140.2 3.940.2 1.740.6
10.9£0.9 0.1440,03 37413 3.5#0.1 1.5+0.1 2.540.3 1.54+0.6
8.740.9 0.09+0,02 68+lo 3e3+0.1 1.640.2 2,6+0.3 0.8+0.3
4
3+.1%0.4 0.06%0.01 48+ 7 1l.140.1 0.740.1 0.940.2 0.4%0.2
14.9 7.7 2.8 5.7 7.8 11.3 6.3

T e e R e i R —
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Cergmium elegans, aWODRE rhodophycesns,evinces a highest
concentration for Fe and a lowest value for Sr, and Porphyrs
leucosgticta a highest concentration for Kz,

Among phanerogams, Zogtera ngna has the highest concen-
tration for Mn end Co, and Z.mgrina the highest concentration for
Ca and lowest values for Yb and Hf.

Quite similar concentration values among species are
vigible from the tables concerning the major elements ¥a,K,dMg and
even Fe,Ca and Al,and concerning the trace alements Rb,Cr and Sc.

Gonecerning the concentrations of Na,K,Ca and Mg, values
of the same order of magnitude as previous ones sbtained by che-
mical methods (14) resulted using neutron activation analysis;
some differences occured only for Ca, consisting in lower values
obtained using meutron activetion analysis.

There are numerous refereaces concerning the chemical
compogition of marine macrophytes,but less for a direct comparison
with our results.

However, we exemplify some of other suthor's daba con-
cerning the same genus (species) from other marine areas. '

?hus, smong chlorophyceans, Enteromorpha linzas evinced
1.55 wg Cr/kg dry weight (g), E.compressa 10.9 mg Ni/kg d.w. (2),
and B.proiifera concentrations especially of Mn, Co, Zn, Mo and
Cr (13)s in Cladophora glomerata 2%.7 ug Zn/kg d.w. (1lo); in Cla-
dophora sp. high concentrations of Zn, Rb, Sc, Cr, Ba and Ni(16);
in Ulve between 1.3 = 3.1 mg V/kg d.w. (4) and in U.fenestrata
concentrations of Mn, Fe and Ni (15). ,

Among phaeophyceans,in Cygtogeira bgrbata l.42 mg Cr/kg
d.w. were determimed (2).

In Porphyra,among rhodophyceans,using e neutron adiva-
tion analysis, 262 wg V/kg ash and 17 mg Mg/kg ash (3), or 1.2 mg
ts/kg d.w.and till 1.0 mg Mb/kg d.w.l) ,and in P,umbilicalis 66 mg
Zn/kg d.w., 387 mg Fe, 29 mg Ma and 2.2 mg §i (13) were found.

in the phanerogam 10stera asiabics concentravions ol
Ti, ¥n, Ni and Mo were established (;2),

The accumilzstion of rare earths in different wmarine
organisms, including Ulva lactuca, Cvstoseira barbata and Zostera
maring, seems to be spec¢ific, suggesting the possibility of their
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use as indicator species; differences of one to two orders of
nagnitude were determined between ths concentrations of soume
elements in the same algal species from the northern and southern
hdriatic Sea (11).

It was established too that algae evince higher concen-
trations than terrestrial plants concerning Na,Fe and Mg, or much
higher concentrations than sea water concerning Cr (g). Also, the
Ni contents of limnetic slgae are higher than those of seaweeds
(9). But the data of different authors do not coincide always;
thus, for example, higher concentrations of Fe were determined in
chloropkyceans compared +o phaeophyceans (Q), or higher ones in
phaeophyceans than in chlorophyceans (12).

CONCLUSIONS

1. The concentrations of 23 chemical elements were de~
termined in the main species of algae and phanerogams along the
Romanian Black Sea shore.

2. The concentration of chemical elements varied depend=-
ing on the taxonomic belonging of species,

%. The species Cladophora gericea, Bryopsis plumosa and
Scytogiphon lomentaris evinced numerous elements with the highest
concentration as compared with other species.

4, The above mentioned species require further analyses
of their chemical composition in order to precise thelr use as
biocindicators in studies of marine pollution with metals.
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