This article was downloaded by:

On: 15 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455114

“Chemistry
~and Ecolpgy- _.

Determination of Trace Elements in Marine Sediments Collected Between
the Volturno River and the Circeo Cape (Tyrrhenian Sea)

R. Boniforti*; V. Damiani, M. Madaro®; A. Moauro® G. Zurlini®

= 2 ENEA Centro Ricerche Energia Ambiente, La Spezia, (Italy) > ENEA CRE Casaccia Divisione

“ | Chimica, Roma, (Italy)

To cite this Article Boniforti, R. , Damiani, V., Madaro, M. , Moauro, A. and Zurlini, G.(1986) 'Determination of Trace
Elements in Marine Sediments Collected Between the Volturno River and the Circeo Cape (Tyrrhenian Sea)', Chemistry
and Ecology, 2: 2, 113 — 124

To link to this Article: DOI: 10.1080/02757548608070828
URL: http://dx.doi.org/10.1080/02757548608070828

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455114
http://dx.doi.org/10.1080/02757548608070828
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 46 15 January 2011

Downl oaded At:

Chemistry in Ecology, 1986, Vol. 2, pp. 113-124
0275-7540/86/0202/0113 $18.50/0

© 1986 Gordon and Breach, Science Publishers, Inc.
Printed in Great Britain .

Determination of Trace Elements
in Marine Sediments Collected
Between the Volturno River

and the Circeo Cape (Tyrrhenian
Sea)t

R. BONIFORTI,f V. DAMIANI,} M. MADARO,§ A. MOAURO§
and G. ZURLINI]
t ENEA Centro Ricerche Energia Ambiente C.P. 316 19700 La Spezia (Italy)

§ENEA CRE Casaccia Divisione Chimica C.P. 2400 00100 Roma (/taly)

(Presented at the Symposium on Analytical Problems in the Marine Environment, Genoa,
23-24 May, 1983).

The determination of Ce, Co, Cr, Cs, Eu, Fe, Gd, Hf, Mn, Rb, Sb, Sc, Ta, Tb, Th, Zn,
Zr and Yb by instrumental neutron activation analysis in sediment samples collected
from the Gulf of Gaeta (Central Tyrrhenian Sea) is described. The granulometric fractions
of the sediments were grouped by cluster analysis into three granulometric facies (sand,
clayey silt, and silty clay) which were then assumed to be the main factors controiling
the distribution patterns of the elements. This assumption was confirmed by a discriminant
analysis carried out on the trace element data.

INTRODUCTION

The study of marine sediments in coastal areas influenced by the inputs
of rivers is essential when defining the characteristics of drainage basins
and evaluating the effect of man’s activities. Thus, if a coastal environ-

+ Work carried out under the contract No. BIO B 322-1 (S) of the Radioprotection
Programme of the Commission of the European Communities.
113



14: 46 15 January 2011

Downl oaded At:

114 R. BONIFORTI et al.

ment is affected by the installation of nuclear or conventional power
plants, knowledge of the chemical, mineralogical and granulometric
composition of the sediments may be vital in predicting the fate of
pollutants discharged during the operation of the plant. As a part of
an investigation of the Gulf of Gaeta which has received inputs from
a nuclear power plant, through the River Garigliano, for 16 yr, Ce, Co,
Cr, Cs, Eu, Fe, Gd, Hf, Mn, Rb, Sb, S¢, Ta, Tb, Th, Zn, Zr and
Yb were determined in sediments by instrumental neutron activation
analysis (INAA). Twenty-eight samples were collected from the area
bounded by the Volturno River and the Sabaudia Lake (Tyrrhenian
sea) (Fig. 1).
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FIGURE 1 Sampling area.
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Many elements may occur upon the organic or inorganic surface
coatings of particles (Balistrieri et al., 1981; Yuan-Hui Li, 1981). As the
importance of this effect is inversely related to the surface area of the
particles and therefore to their dimension, 160 additional sediment
samples were analyzed for their granulometric composition with the
aim of identifying granulometric facies which could be correlated with
the observed distribution of the elements. The number of granulometric
analyses was sufficient to allow an accurate definition of the sedimenta-
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tion characteristics of the area, which also plays an important role in
the distribution of elements of lithogenic origin.

EXPERIMENTAL

Sample collection and pretreatment

The sediment samples were collected in June 1981 at depths of 10, 20,
40, 70 and 100 m by a free-falling perspex gravity corer (30 cm length;
4 cm diameter). Before chemical analysis, the samples were homogene-
ized, dried at about 100°C, and then sieved to pass a 250 um nylon
sieve. The sieved samples were ground with an agate mill and sub-
samples of 500-600 mg were pelletized and placed in polyethylene
vials for irradiation. Before granulometric analysis of the fraction
<0.063 mm, the samples were dispersed in distilled water containing
0.1%, hexametaphosphate.

Neutron activation analysis

The samples were irradiated in the TRIGA MARK 1II reactor of the
Casaccia Center at a flux of 5 x E+ 12 n cm~2 s~ 1. The irradiation
time varied from 10 s to 30 h according to the elements measured. The
gamma-emitting radionuclides were measured after a suitable decay
period by using a Ge(Li) detector Canberra (FWHM 1.8 keV at
1332 keV; efficiency 13.6%;; peak/Compton ratio 43/1) connected with
a multichannel analyzer Canberra 80 (4096 channels). Standardization
was carried out using Orchard Leaves (NBS-SRM 1571) and Lake
Sediment SL-1 (IAEA-Vienna) standards.

Granulometric analysis

The granulometric fractions between 2 and 0.063 mm were determined
by dry sieving, whereas the fractions less than 0.063 mm were analyzed
by using a Sedigraph Model 5000 (Micromeritics).

RESULTS AND DISCUSSION

The sampling plan did not allow the distribution patterns of the elements
to be clearly related either to the different fluxes of elements transported
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to the sea upon suspended matter in the Volturno and Garigliano Rivers
or to the coastal morphology. Thus, it was argued that the concentration
patterns were mainly governed by the granulometric composition of
the sediments. In order to check this assumption, a preliminary analysis
was performed using the minimum variance clustering method (Orloci,
1978) on the 2 to 0.001 mm granulometric fractions of the sediments.
This analysis grouped the 28 stations into 3 granulometric facies (sand,
clayey silt, and silty clay) (Damiani et al., 1983). A discriminant analysis
{Cooley and Lohnes, 1971) was then carried out upon the trace element
data. The analysis showed that the average content of many elements
was inversely related with the size of the sedimentary particles. The 28
stations in the plane defined by the first 2 discriminant functions are
presented in Fig, 2. The stations grouped into the 3 granulometric facies
by means of the discriminant analysis were substantially the same when
grouped by means of the cluster analysis. Thus it was confirmed that
the granulometric composition of the sediments was primarily respons-
ible for the concentration patterns observed. The elements grouped

DISTRIBUTION OF THE 28 SAMPLING STATIONS IN THE
PLANE OF THE FIRST 2 DISCRIMINATING FUNCTIONS
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FIGURE 2 Distribution of the sampling stations in the plane defined by the first two
discriminating functions.
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TABLE I
Analysis of the sediments of the Gulf of Gaeta (ug/g; *mg/g)

means and standard deviations of the mean for stations belonging to clayey silt facies
m=7)
Gd Ce Th Hf Yb Cr Zr Cs Tb Sc Rb Fe* Zn Co Ta Eu Mn Sb

17 15221 4 4 89 25714 1 13 164 41 125 15 19 13 851 017
8 141 1 2 22 286 .1 4 18 1 16 3 .15 .05 67 .02

means and standard deviations of the mean for stations belonging to silty facies
(n=10)

Gd Ce Th Hf Yb Cr Zr Cs Tb Sc Rb Fe* Zn Co Ta Eu Mn Sb

15 15019 5 4 8 32312 1 13 168 38 111 14 18 12 770 .16

9 8 1 2 2 42 257 1 6 16 2 116 1 .04 48 01

means and standard deviations of the mean for the stations belonging to sandy facies
(n=11)

Gd Ce Th Hf Yb Cr Zr Cs Tb Sc Rb Fe* Zn Co Ta Eu Mn Sb

13 13717 5 3 78 29710 1 10 131 31 80 12 13 11 600 .16

.8 01 3 2 5 177 04 4 716 6 .7 1 .05 31 .01

according to the granulometric facies are shown in Table I. As this Table
shows, the concentration of most, but not all elements, decreases with
increasing granulometric size. For example, Hf, Yb, Cr, Tb, Co and
Sb were evenly distributed in the 3 facies, whereas the concentration
of Ce, Ru and Ta decreased only in the sandy facies. The geochemical
interpretation of the discriminant functions was carried out on the basis
of their cross-correlations with the original variables (i.e., the trace
element contents). The first discriminant function, which yielded 70%;
of the discriminating power, is an expression of the contents of Sc and
of Mn, which were higher in the silty clay facies. Scandium is also
representative of Gd, Cs and Fe because of the high statistical correla-
tion between Sc and these elements. The second discriminant function,
which yielded 309 of the discriminating power, was an expression of
Zr, which was more abundant in the clayey silt fraction. Scandium, Mn
and Zr are present in the environment from geochemical sources and
not from industrial activities. Because the higher discriminating power
is due to these elements, it follows that elements of possible anthro-
pogenic origin (e.g., Zn and Cr) are not so evidently associated with
certain granulometric facies as are Sc (Gd, Cs, Fe), Mn and Zr. This
suggests that the coastal area surveyed is not polluted by industrial
activities.

In order to show the areal distributions of some of the element
analyzed, the CalComp’s General Purpose Contouring Programme was
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FIGURE 4 Areal distribution of carbonates.
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used to draw contour diagrams of the element concentrations, car-
bonates and granulometric facies through the sampling stations.

The areal distributions of the granulometric facies (Fig. 3), carbonates
(Fig. 4), Sc (Fig. 5), Mn (Fig. 6), and Zr (Fig. 7) reveal that: (1) the distribu-
tion of Sc is inversely related with both the prevailing presence of sands
near-shore between the Volturno River and the Gaeta Cape and with
the prevailing presence of carbonates in the area delimited by the Gaeta
Cape and the Circeo Cape; this agrees with the assumption that Sc is
representative of the alumino-silicates; (2) the concentration of Mn is
clearly influenced by the diluting effect of carbonates; because of the
affinity of 60-Co with Mn (Means et al., 1978), the areal distribution
of Mn provides information on the possibility of sediments acting as
traps for 60-Co; and (3) the distribution of Zr is influenced by the
transport of material of volcanic origin by the Volturno River. The Zr
is mainly associated with the silty facies and thus it is transported further
out into the sea. This accounts for Zr not being found directly off the
mouth of the Volturno River.

The areal distributions of Co (Fig. 8) and Cs (Fig. 9) may provide
information on the distribution of 60-Co and 137-Cs released into the
marine environment by the operation of the nuclear station. The
concentration of Co is lower in the carbonatic near-shore area between
Gaeta and Circeo Capes and increases with increasing Mn concentra-
tion.

Because Sc and Cs are correlated, the areal distribution of Cs is of
course similar to that of Sc. It is also observed that the concentration
of Cs tends to increase in sediments collected at greater water depths.
The affinity of stable Cs for suspended particulate matter (SPM) in the
marine environment is low (oceanic residence time 6 x E + 5 y, Brewer
and Spencer, 1975), whereas the residence time of 137-Cs seems to be
dependent on both that part of the marine environment investigated
(in particular, the chemical composition of the SPM) and the “reactivity”
of radiocesium which may be different according to the source (either
fallout or operation of nuclear plants). For instance, Noshkin and
Bowen (1973) calculated a residence time as low as about 3 x E+ 2 y,
whereas other authors report that radiocesium remains largely in
soluble form in sea water. Thus, the conditions which favour the
accumulation of radiocesium discharged by a nuclear station in near-
shore sediments may be argued from a knowledge of the concentration
pattern of stable Cs on going from shoreline to the open sea.

The areal distributions of Eu (Fig. 10) and Th (Fig. 11) were studied
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FIGURE 7 Areal distribution of Zr.
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FIGURE 8 Areal distribution of Co.
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FIGURE 10 Areal distribution of Eu.
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FIGURE 11 Areal distribution of Th.

because these elements may be used as simulators of the behaviour of
Am(III) and Pu(IV) in the marine environment (Krishnaswami et al.,
1976; Nelson and Lovett, 1978; Weimer et al., 1980; Guegueniat, 1983).
The higher content of Eu was found in sediments with a higher content
of carbonates. This agrees with the observation that Eu is more
abundant in carbonates and other compounds (e.g., niobates, nitrates,
sulfates) with high cation coordination numbers (Kai, 1972). The dis-
criminant analysis above showed that the effect of the granulometric
size on the concentration of Eu was negligible.

Thorium is hydrolyzed in the marine environment. In addition, the
transport of Th out of surface waters is likely to involve uptake of Th
by phytoplankton, ingestion of the phytoplankton by zooplankton, and
inclusion of Th in rapidly settling faecal pellets (Feely et al., 1980). Thus,
conditions which favour the sedimentation of Th may be reflected by
the distribution of Th in the sediments. This might be used tentatively
to predict the fate of Pu(IV) in the case of accidental release from the
nuclear station.



14: 46 15 January 2011

Downl oaded At:

124 R. BONIFORTI et al.

References

Balistrieri, L., Brewer, P. G. and Murray, J. M. (1981). Scavenging residence times and
surface chemistry of sinking particles in the deep ocean. Deep-Sea Research, 28A,
101-121.

Brewer, P. G. and Spencer, D. W. (1975). Minor element models in coastal waters. In
Marine Chemistry in the Coastal Environment, pp. 80-96 (T. M. Church, ed.), American
Chemical Society, Washington, D.C.

Cooley, W. W. and Lohnes, P. R. (1971). Multivariate Data Analysis, Wiley, New York.

Damiani, V., De Rosa, S., Ferretti, O. and Zurlini, G. (1984). Caratterizzazione sedimento-
logica, mineralogica e geochimica dei sedimenti marini costieri tra Cuma (Campania)
a Sabaudia (Lazio). In Un esempio di analisi ecologica del sistema marino costiero,
pp. 77-95 (V. Damiani, and G. Zurlini, eds.), Proceedings of the Seminar ENEA-CNR
CREA. La Spezia (Italy), June 14, 1983.

Feely, H. W, Kipphut, G. W, Trier, R. M. and Kent, C. (1980). 228-Ra and 228-Th in
coastal waters. Coastal Marine Science, 11, 179-205.

Guegueniat, P. (1983). Studies of some characteristics of the geochemical and radio-
chemical behaviour of REE, Am, Cs and Ru. Proceedings of the ENEA-CEC
International Symposium on the Behaviour of Long-lived Radionuclides in the Marine
Environment, La Spezia (Italy) September 28-30, 1983 (in press).

Kai, R. (1972). Europium: element and geochemistry. In The Encyclopedia of Geachemistry
and Environmental Sciences, vol. IVA, pp. 349-350 (R. W. Fairbridge, ed.). Dowden
Hutchinson and Ross, Inc., Straudsburg.

Krishnaswami, S., Lal, D. and Somayajulu, B. L. K. (1976). Investigation of gram quantities
of Atlantic and Pacific surface particulates. Earth and Planetary Science Letters, 32,
403-419.

Means, J. L., Crerar, D. A, Borosik, M. P. and Duguid, J. O. (1978). Adsorption of Co
and selected actinides by Fe and Mn oxides in soils and sediments. Geochimica et
Cosmochimica Acta, 42, 1763-1773.

Nelson, D. M. and Lovett, M. B. (1978). Oxidation state of Pu in the Irish Sea. Nature,
276, 599-601.

Noshkin, V. E. and Bowen, V. T. (1973). Concentration and distribution of long-lived
fallout radionuclides in open ocean sediments. In Radioactive Contamination of the
Marine Environment, pp. 671-686, IAEA-Vienna.

Orloci, L. (1978). Multivariate Analysis in Vegetation Research, Dr. W. Junk, B.V,, The
Hague.

Weimer, W. C,, Laul, J. C. and Kutt, J. C. (1980). Prediction of the ultimate biological avail-
ability of transuranic elements in the environment. In Contaminants and Sediments,
vol. 2, pp. 465-484 (R. A. Baker, ed.), Ann Arbor Science, Ann Arbor.

Yuan-Hui Li(1981). Ultimate removal mechanism of elements from the ocean. Geochimica
et Cosmochimica Acta, 45, 1659-1664.



