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Abstract

Australia.

Grab sediments, collected from 11 locations from the Pacific Ocean floor in the region between Suva Peninsula and Kadavu Island, Fiji,
were investigated for concentrations of 20 elements using neutron activation and high-resolution gamma ray spectroscopy techniques.
The sediments were collected at distances between 5-35 km from the mainland and at ocean depths ranging from 500 to 2000 m. A
comparison of the elemental abundances of these sediments with those of the Suva lagoon and other nearby locations indicates that the
ocean sediments are likely to be derived from sediments washed out to sea from the mainland. The sediments also show no evidence of
any metal contamination from the industrial activity in the Suva metropolitan area.
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1. Introduction

Most of the Fiji islands belong to a class of islan
known as high-standing oceanic islands (HSIs). BigH
rivers emanate from relatively high mountains (100@r
more), flow through steep gradients and traversertsh
distances before merging with the ocean. The gitigiof
rainfall in HSIs is generally high and their rivexantribute
large quantities of sediment to the ocean (Millimeamd
Syvitski, 1992; Asquithet al., 1994; Careet al., 2002).
For Pacific Island countries like Fiji, apart froemall
areas of the coastal zone, only a very limited amhai
data is available about the marine sedimentaryuress.
There are few opportunities to collect samples fribva
deep water zones and carry out analysis of therhis T
project took advantage of a cruise by the Japamssarch
vessel Koyo Maru to Fiji in December 1998 to cdilec
marine sediments in the Kadavu Passage between V
Levu, the main island of the Fiji group, and thiansl of
Kadavu (Figure 1). The region surveyed also ligshore
from Suva, the main industrial centre in the Padglands.
This study facilitated an assessment of any movéroen
the metal contaminants found in the near shore an@and
Suva (Naidu and Morrison, 1994; Morrisehal., 2001,
Morrisonet al., 2006) into deeper offshore waters.

2. Materialsand Methods

2.1 Sample Collection

Samples were collected from 11 sites as shown i
Figure 1. Specifications for the sites are givemTable 1.
Station 1 was too close to the coral reef for theise
vessel to approach and sediment was not colledtbe.
sites were determined by a combination of attentpts
cover a good cross section of the Kadavu Passagj¢han
requirements to comply with other research comptnen
(water properties as a function of depth, plantfetilife
at ocean bottom, fisheries, etc.) of the cruisetwBen
stations 2 and 9.6, ST2 and ST9) the ocean floor has a
relatively uniform slope of 107 m per kilometre fiche
reference point A, but the depth thereafter resiaimost
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constant around 1900 m. Grab samples were cdllecte
using a very large (110 kg) Van Veen sampler. r€@uarn

to the surface, samples were checked for winnowliogs

of fines), but this was visually determined to b&imal.
Subsamples (1 kg) were immediately removed from the
top of the grab.  Previous work (Pickering and &ud
2003) had indicated that sediments in the area were
predominantly mud (< 63: g fraction is> 90 %), so no
specific particle analysis was completed.
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Figure 1. Map of the transect area across the Suva-Kadavu
passage showing the sampling stations
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Table 1. Site specifications for the sampling along the Skaalavu transect.

Site f D|sta_1nce Start Retrieval End Retrieval Depth
rom point A

(km) Longitude Latitude Longitude Latitude (m)
ST2 4.9 178°35.5'E 18°12.4'S 178°35.5'E 18° .4 112
ST3 6.3 178°36.1'E 18°13.2'S 178°36.1'E 18° 83.0' 308
ST4 7.7 178°36.4'E 18°13.8'S 178°36.3'E 18° B.7" 547
ST5 9.8 178°37.4'E 18°14.5'S 178°37.5'E 18°B1.5' 947
ST6 11.2 178°38.0'E 18°15.2'S 178°38.1'E 18°%.2 1232
ST7 13.3 178°38.5'E 18°16.3'S 178°39.1'E 18°8%.2 1329
ST8 16.1 178°40.3'E 18°17.0'S 178°39.1'E 18°%7.0 1400
ST9 17.5 178°40.9'E 18°17.5'S 178°40.6' E 18°%7.7 1870
ST10 17.5 178°40.9'E 18°17.5'S 178°40.6' E 18°83.1 1864
ST11 23.8 178°41.6'E 18°21.0'S 178°41.6'E 18°3&.5 1759
ST12 33.6 178°444'E 18°25.6'S 178°445'E 18°%%.7 1915

elements As, Br, La, Na, Sb, Sm were determined. A
second set of measurements was carried out after
cooling for 3-4 weeks (when all the short lived
radionuclides had virtually disappeared) to asséss
concentrations of the elements Ce, Co, Cr, Cs,Hey,

Hf, Nd, Sc, Sr, Tb, Th, Yb, and Zn.

2.2 SampleHandling and Analysis

In the laboratory, the samples were dried®@Gnd
ground to a fine (< 63: m) powder. Single aliquots of
each sample (about 100 mg) were accurately weighed
into a clean polythene bag (12 mm X 12 mm) and heat
sealed. Each sample bag was sealed within a second

polythene bag as a precaution to contain any leakég Table 2. Elemental concentrations in a standard reference

radioactivity after irradiation with neutrons. Digate material.
USGS (United States Geological Survey) and IAEA Element RGM-1
(International Atomic Energy Agency) standard saspl Certified
of similar size were prepared and stacked togetliir (mg/kg) This work Value*
sediment samples and loaded into an aluminium As 31+07 3
irradiation can. The USGS standards are finely gdou Br # 1.34
rock powders, while the IAEA standards were of an Ce 528+ 0.6 47
environmental nature (lake sediment and vegetatidin) D
is well known that the matrix of standards or saapl Co 2.14+0.05 2
under investigation is not critical in the neutron Cr 6.1£0.5 3.7
activation technique using gamma spectroscopy,esinc Cs 12.4+0.38 9.6
self-absorption effects are minimal and can be rigdo Eu 0.67 £0.03 0.66
The aluminium can was sent to the Australian Nuclea Fe (%) 1.39+0.04 131
Science and Technology Organisation (ANSTO) for Hf 66 + 0.1 6.2
thermal neutron irradiation (4 h at a flux of 2X5.0™ La 24402 24
cm? s%). The standards were intended to serve three Na(%) 3.06+0.06 302
purposes: a) to correct for the non-uniformity efitron Nd 1é + 2' 1é
flux received by the samples during irradiationtlire -
reactor (this correction in the present work wasfbto Rb 168 + 10 149
be about 18%), b) to measure the elemental Sb 1.64 £0.07 1.26
concentrations in sediments by using the comparator Sc 4.99+ 0.02 4.4
method, and c) to cross-check the accuracy and Se 0.060 + 0.009 0.006
reliability of results by treating some of the stards as Sm 4.31+ 0.03 4.3
unknowns. Sr 134 21 108
The irradiated samples were allowed to cool for 5 d Ta 1.2+0.1 0.95
and then returned to Suva for analysis using arpype Tb 057 +0.08 0.66
germanium (HPGe) gamma-ray spectrometer (efficiency Th 16.6 + 0.2 15.1
24.5 % and resolution 1.84 keV). Neutron activatio P :
analysis (NAA) determinations of 20 elements were Yb 3.0+0.3 2.6
completed on each sample and the reference material Zn 28+1 32
Activation  products were identified by their Zr 225+ 33 219

characteristic gamma energies and were confirmted la
by half-life measurements. Each sample was counted
several times to minimise counting errors and inapro
precision. Measurements were carried out in twasph

— immediately upon receipt in Suva for the shorédi
radionuclides Ty < 7 d) from which concentrations of

# Used as Standard for calculating bromine.

3 Resultsand Discussion
3.1 Reference Material Data

Measured concentrations for the various elements i
the reference material RGM-1 and the certified &alu

*@draju (1994)
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(Govindaraju, 1994) are given in Table 2. Thereswa
generally good agreement between the experimenthl a
certified values.

3.2 Kadavu Passage Data

Measured concentrations for the various elemehts o
the Kadavu Passage samples are summarised in Jable
Examination of the data shows that there is some
variability in the results, but there are no majatterns
with depth or distance from the Viti Levu shoret id
interesting to note that the sediment data in thesent
work for elements Co, Cr and Zn is close to the Hgh
of Careyet al. (2002), which would tend to support the
possibility that the sediments came from river
discharges. As the present work did not, however,
measure the other elements (Cu, Mn, Ni and Pb)
investigated by Caregt al. (2002), this agreement is
marginal.

Pearson correlation coefficients for the Kadavu
Passage samples were calculated and are presented i
Table 4. Correlation analysis shows that there are
patterns for some elements, but not for othersw Be
very poor correlations were found for As, Br, Cs, NId,

Sb, Tb, Th and Yb. Many of these are not surpgisia
they do not often give significant correlations in
sediments.  Strong correlations X 0.9) were found
between Fe and Sc and between Fe and the lantkanide
Ce, Eu, La, and Sm as might be expected with toagt
geochemical linkage of these elements (Munksgaard
al., 2003). Weaker correlations (0.7r<< 0.8) were
found between Fe and Co, Cr and Zn; these eleraeats
often closely linked in marine sediments (Chest8g0).
Negative correlations were found between Sr andCEe,
Co, Cr, Eu, Hf, Sc, Sm and Zn as might be expeifted

the Sr was derived mainly from reef carbonate nelter
entering the sediment, with the other elements goein
derived from terrestrial/fluvial sedimentary maddsi

There are few data from the South Pacific region
with which to compare the results found in thisdgtu A
previous study in the Kadavu Passage along a anse
slightly further to the west of the present invgstion
(Pickering and Suda, 2003) found that Zn concebptrat
(measured by atomic absorption spectrophotometry)
averaged 67 mg/kg (range 5.7-103 mg/kg), slightly
lower than in this study. Comparison with other
sediment metal concentration data is given in Tablét
should be noted that sites used for comparisoradypin
their sedimentary environments and thus conclusions
should be treated with caution. Data from the prést
Astrolabe lagoon (Morrisomt al., 1997) show similar
ranges or only slightly lower concentrations (for a
limited number of elements where comparable data is
available) to the sediments in Kadavu Passage.
Comparison with data from Laucala Bay, lying adjace
to the Suva metropolitan area (Nand, 2002) shows
similar ranges to the Kadavu Passage samples tirdjca
that there is no significant change in moving aoffgh
and no evidence of movement from the metal poltutio
hotspots in Suva to the surrounding sediments. tharo
river, apart from the Rewa river, which discharges
considerable amounts of sediment into the ocedheis
Navua river (see Figure 1). However, comparisorh wit
sediment data from Navua river mouth (Htay andtFlin
1991) shows that the site (Navua) is too far towiest
to be of significant interest especially with the
predominantly westward movement of sediment along
the South coast of Viti Levu.

Table 3. Trace metal concentrations (from neutron activagioalysis) of the Kadavu Passage deep sea sedimdintsncentrations

are in mg/kg, except for Fe and Na (in %).

Element ST2 ST3 ST4 ST5 SI6 SI7 SIT8 ST9 ST10 ST11 ST12
S 142 12 19 13 13 16 148 14 151 10.6 13.6
Br 76.3 49 65 65 74 67 48.6 80.1 49.1 63.3 63
Ce 16.9 19 20 18 17 15 156 139 153 148 154
Co 235 25 23 22 20 19 239 18.1 198 19.2 20
Cr 85.7 87 94 89 82 73 952 70.7 759 719 733
Cs <0.1 1 07 12 0.6 1 <0.1 <01 044 <01 134
Eu 122 13 13 11 0.8 1 101 076 085 079 084
Fe() 635 65 65 62 57 55 588 549 546 548 5.66
Hf 271 29 23 26 26 23 253 218 215 192 186
La 899 9.1 8.7 8 76 68 793 698 744 6.73 7.69
Na(%) 272 23 03 26 25 22 224 26 212 237 244
Nd 11 12 6 6 8 6 8 11 8 4 8
Sb 03 03 02 03 03 03 03 027 061 047 0.27
Sc 128 13 13 12 11 10 11 104 101 102 10.9
Sm 42 43 43 38 34 31 347 297 31 291 3.26
Sr 320 352 550 534 578 691 682 903 1150 869 863
Th 07 09 06 06 05 05 06 <01 05 0.7 0.5
Th 094 12 11 11 09 08 114 097 104 103 095
Yb 285 32 29 28 25 25 292 222 258 267 3.8
Zn 107 139 178 152 142 73 84 81 79 99 92
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Table4. Correlation coefficients for Kadavu Passage sedimetal concentrations.
As | Br [ Ce Co Cr Cs Eu Fe HfF | La Ma HNd 5b 5S¢ S5m S Tb Th Yh Zn

As i
Br ] i

Ce nze . 1

Co nu 044 o7 1

Cr opaz 032 o7e 088

Cs poz -0 032 007 001 1

Bu o3 .02z 085 088 076 009 1

Fe nzz .00 om0 o087 081 021 035 1

HE no5 003 06 078 083 001 067 0Ft 1

La oz 0z o083 03 075 0% 089 034 07T 1

Ma 073 02 058 -025 042 003 045 039 Off | 028

Nd oo o6 006 029 003 0N 023 026 05 047 03 1

Sb | 2 046 033 028 028 D22 022 046 026 034 06 02

Se oM .00 084 083 071 023 093 038 07 082 026 03 047 1

Smogoe 0tz 03 088 077 021 096 099 073 047 038 034 042 097 1

51 o3 oM 072 074 064 0I5 077 084 0B 075 004 | 027 058 036 084 1

Tb o7 049 062 072 05 021 082 0 048 081 003 042 005 059 062 058

Th o5 07 043 067 061 005 05 05 036 053 034 005 012 042 048 018 047 1

Yh ooz 04 032 044 021 051 034 036 007 047 02 008 025 037 038 02 046 031 1
Znogn 005 09 05 064 033 06 077 045 061 081 042 035 07 07 06 044 033 015 1

Table 5. Average elemental concentrations in the sedimeats the Suva-Kadavu passage compared with othénenanvironments
and continental crust materials. Units are in mgékgept for Na and Fe (in %).

Element Suva-Kadavu Laucala Bay, Navua River Continental Deep Sea

Passage, Fiji Mouth, Crust Clay
Fiji Fiji
Nand (2002) (Htay and Flint, (Chester, (Chester,
This work 1991) 1990) 1990)
As 13.9+ 2.2 15.8+25 2.83 7.9 13
Br 64 +11 107 £25 4.04 4 100
Ce 162 23212 11.7 86 100
Co 212 201+11 8.82 13 55
Cr 82+9 805 17.3 71 100
Cs 0.6+0.5 NA <1 3.6 5
Eu 1.0+£0.2 11+0.1 <05 12 15
Fe (%) 59+04 6.3+0.2 1.78 35 6.5
Hf 24+0.3 23%0.2 1.71 5 4.5
La 7.8+0.8 8.9+0.8 4.15 41 45
Na (%) 22+0.7 24+04 NA 1.42 4
Nd 8+2 12+3 NA 37 40
Sb 0.3x0.1 0.2+0.1 <0.2 0.9 0.8
Sc 11+1 24.8+0.9 9.09 10 20
Sm 3505 25+17 2.37 7.1 7
Sr 681 = 250 792 = 87 NA 278 250
Th 0.6x0.2 04x0.1 NA 1.05 1
Th 1.0£0.1 11+0.1 0.79 9.3 10
Yb 28x04 29+05 1.27 35 3
Zn 111 £ 35 127 +7 <100 127 120

NA — Not analysed
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Comparison with data from deep sea sediments inHtay, T. and Flint, D. J. 1991. Exploratory NAA&aysis

general (Table 5, Chester, 1990) shows that thexena of composite beach and fluvial samples from Vanua
unusual concentrations for the elements measureklisn Levu, Navua-Sigatoka and Sigatoka sand dunggi
study. Mineral Resources Department Note BP60/7.
. Unpublished.
4. Conclusions Milliman, J. D. and Syvitski, J. P. M.  1992.
Deep sea sediments from the Kadavu Passage, southGeomorphic/tectonic control of sediment discharge t
the Viti Levu, the main island of the Fiji groupcsh no the ocean: the importance of small mountainousrsive

evidence of metal contamination from the industrial Journal of Geology, 100 (5), 525-544.
activity in the near by Suva city. The metal cortcaions Morrison, R. J., Gangaiya, P., Nagasima, M. R. ldaitiu,

are in line with data from other deep sea zonescancbe R. 1997. Trace metal studies in the Great Astelab
explained by considering the sediments as beinyeter Lagoon, Fiji, a pristine marine environmentMarine
from terrestrial materials with some coralline itgu Pollution Bulletin, 34, 353-356.
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