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1 INTRODUCTION

Carlingford Lough is located on the east coast of Ireland in a region of great natural beauty
(Figure 1). It has significant potential for mariculture and is already the largest producer of
pacific oysters (Cressosties gigas) in Ireland. There is a mussel (Mytilus edulis) farming industry
located near Rostrevor, while an active winkle (Litorina littoreu) enterprise operates at Omeath
and several cJam (Tapes semidecussatus) enterprises are reported to have progressed beyond the
trial period. Experiments are also being undertaken with albalone (Heliotis tubercutata), scallop
(Pecten maximus) and soft clam (Mya arenaria).

Low-level radioactive effluent is routinely discharged into the north-east Irish Sea from the
nuclear fuel reprocessing facility at Sellafield. These discharges have given rise to enhanced
levels of radioactivity in a wide range of environmental media such as sea water, marine
sediments, seafood, seaweed, beach and estuarine sediments, sea-spray, air and soil, particularly
in the eastern Irish Sea though traces have also been found in the western Irish Sea.

The Radiological Protection Institute of Ireland, formerly the Nuclear Energy Board, and the
Radiochemical Inspectorate of the Department of the Environment for Northern Ireland have
been monitoring the impact of Sellafield discharges on the Irish environment for many years
11.2,3.41. In 1990 both organisations collaborated in a detailed study of the radioactivity levels
in Carlingford Lough with the Environmental Radioactivity Research Laboratory of the
Department of Experimental Physics, University College, Dublin. The latter has extensively
researched the behaviour and biological availability of transuranium and other long-lived
radionuclides in the western Irish Sea [5,6,7.8|.

The principal objective of this study was to assess whether radioactivity concentrations in a wide
range of environmental materials from the Lough were enhanced above general levels found
elsewhere along the east and north-east coasts of Ireland. Other objectives included an
examination of the speciation of plutonium and americium in Lough waters, an assessment of
gamma dose rates in air over inter-tidai sediments throughout the Lough and an examination of
coastal soils to determine the extent of sea-to-land transfer of plutonium and, by inference,
americium.
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Figure 1. Location of C arlingfoni Lough on the Irish Coastline.
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2 DESCRIPTION OF CARLINGFORD LOUGH AND THE IRISH SEA

Carlingford Lough is a shallow estuary approximately 13 km in length and 5 km at its widest,
with a relatively narrow stretch of about 1.7 km at the entrance. The waters of the Lough are
slightly alkaline and salinity variations are relatively small. Little difference is evident between
surface and bottom waters and this suggests that fresh water discharges into the Lough have only
a localised effect [9,10].

The northern shore of Carlingford Lough lies in Northern Ireland while its southern shore is in
the Irish Republic. The coastline is predominantly sedimentary but, where rocky shores occur,
they are dominated by boulders. Along much of the coastline of the Lough boulders occur either
as a band around high water or as a relatively widely dispersed zone around low water. There
are several sandy beaches notably near Cranfield Point and Omeath. The most extensive area
of boulder shore is in the vicinity of Killowen Point where invertebrate fauna are found in
abundance |11J.

The Irish Sea is semi-enclosed and is connected to the Atlantic Ocean by narrow entrances in the
north and south. The flow through the Irish Sea, averaged over a year or longer, is northward
from St. Georges Channel to the North Channel. The flow is weak and water takes one to two
years to travel the length of the Irish Sea. However, on a shorter time scale the movement of
.;ea water can be very variable. Similarly, the flow northward should not be considered as one
broad stream. For example, in the west side of the North Channel, there is a persistent strong
southward flow which at times penetrates as far south as Dublin and is part of a general
clockwise flow around Ireland. The circulation in the eastern Irish Sea tends to be weaker and
more variable. The circulation of water in the Irish Sea is schematically represented in Figure

The low-level radioactive liquid wastes discharged from Sellafield into the north-east Irish Sea
are dispersed by mixing processes and currents in the sea water. The radionuclides of plutonium
and americium are readily adsorbed on to sediment banks near the Cumbrian coastline. In
contrast, caesium-137, the other radionuclide of potential radiological significance, is not
adsorbed to a significant degree and is dispersed widely throughout the Irish Sea, where it has
a mean residence time of one to two years, before being transported out via the North Channel.
The distribution of caesium-137 in the waters of the Irish Sea is indicated in Figure 3 and shows
a marked reduction with increasing distance from Sellafield. Recent research has confirmed that
a detectable transfer of plutonium from sea to land is taking place along the Cumbrian coast [12]
and to a much lesser extent at some sites along the north-east coast of Ireland [13.14].



o

53°

52°

\

3

h

IRISH
SEA

T
T

<

5° 4° 3°

^ ^
K^HSURFACE •
!^^^HCURRENTIu

5° 4° 3°

54^

53°

52C
BOTTOM
CURRENT

B
Figure 2. Schematic representations of the water circulation of the Irish Sea
jAj near surface and jlij near seabed \ll\.



55"

54"

52L

\smmawaem

Figure 3. ( <"/( ciiiitiiitnis j/ii/ hi; j a/

the Irish Sea. /WW //..•>'/.

m /ilwrcil \micr /ram



3 METHODOLOGY

Sampling

The sampling and dose rate measurement sites in Carlingford Lough are shown in Figure 4 and
the types of samples taken at the different sites are listed in Table 1. Samples of coastal sea
water (50 litres), surface sediments (0-5 cm), seaweeds (Fucus vesiculosus and Chrondrus
crispus), mussels and winkles were collected from the inter-tidal zone at various sites around the
Lough during September 1990. Samples of the Pacific oyster were also obtained. Additional
samples of sea water at 1 metre depth and sediment (0-10 cm) were taken from aboard the R.V.
Lough Beltra at three stations along the axis of the Lough and one station outside the entrance.

Finally, samples of undisturbed grassland soil (0-10 cm) were taken at four separate locations
close to the shore and some distance inland to assess the magnitude of the transport of plutonium
from sea to land in sea-spray aerosol.

Dose rate Measurements

Gamma dose-rate measurements were made over the inter-tidal sediments at about 1 kilometre
intervals on both sides of the Lough using Mini-Instruments Environmental Monitors, Type 6-80
with an energy compensated Geiger-Mueller tube type MC-71 probe (Figure 5). This probe is
specially designed to measure environmental levels of gamma radiation and its response is
reasonably independent of radiation energy in the range 50 keV to 1.2 MeV. Each instrument
was fully calibrated using standard calibration sources [15] and intercomparisons were made
between the instruments to ensure uniformity of response. The measurements were conducted
1 metre above the ground and in suitably open locations.

Sample Analysis

With the exception of water samples for plutonium and americium analysis, all samples were
taken to the laboratories of the Radiological Protection Institute of Ireland where the initial
sample preparation, high resolution gamma spectrometry and certain plutonium and americium
measurements were performed. Sub-samples were then forwarded to the Environmental
Radioactivity Research Laboratory at University College, Dublin where most of the plutonium
and americium concentrations were determined by radiochemieal separation and high resolution
alpha spectrometry. Samples of water from the central stations of the Lough for plutonium and
americium analysis were pretreated aboard the R.V. Lough Beltra before being returned to
University College Dublin for analysis.

Standard sample handling and radioanalytical techniques were used to determine the
concentrations of radiocaesium and the transuranics in the samples. Seaweeds, sediments and
the edible portions of fish and shellfish were dried, ground to a fine powder and packed into
standard containers for gamma spectrometric analysis. Sea water samples were acidified on
collection and filtered through 0.45 fxm Millipore filters on the day of collection. Radiocaesium
was extracted from the filtered sea water on to an ion-exchange column of silica gel impregnated
with ammonium molybdophosphate.

-8-
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All samples were analysed by high resolution gamma spectrometry using intrinsic germanium
detectors linked to multichannel analysers and a computerised spectrum analysis system. The
detectors were calibrated using suitable reference sources.

For the determination of plutonium and americium, sub-samples (50 g) were ashed at 500°C in
a muffle furnace before being spiked with plutonium-242 and americium-243 chemical yield
tracers supplied by the US National Institute of Standards and Technology. The ashed samples
were then digested in nitric acid and plutonium and americium separately extracted using a
radiochemical procedure based on coprecipitation with ferric iron followed by separation with
di-(2-ethylhexyl)-phosphate in n-heptane. Plutonium is taken into the organic phase whilst the
americium is retained in the aqueous phase. Plutonium together with the iron was back-extracted
from the organic phase using 0.1M ammonium iodide in 8M hydrochloric acid and the iron
subsequently removed by washing with di-isopropyl ether. The aqueous phase was made 1M
nitric acid in 90% methanol and passed through an anion exchange column (Biorad AG1-X4).
Trivalent lanthanides were removed from the column by rinsing with a solution of 0.1M
hydrochloric acid/0.5M ammonium thiocyanate in 80% methanol 116| and americium eluted with
a solution of 1.5M hydrochloric acid in 86% methanol. Plutonium and americium were
separately electroplated on to highly polished stainless discs in a mixed ammonium
chloride/ammonium oxalate medium at pH 2.0. Counting was performed using large area (450
mm2) passivated ion-implanted silicon detectors mounted in quad-alpha spectrometers.

Plutonium and americium concentrations in filtered sea water were determined by a procedure
based on the coprecipitation of both elements with ferric hydroxide at pH 9, followed by
separation and purification on ion exchange columns and electrodeposition as above.

The oxidation-state categories of plutonium, namely Pu(III,IV) and Pu(V,VI) were separated by
the neodymium fluoride coprecipitation method of Lovett and Nelson j 17). The fraction of the
plutonium and americium which was colloidally bound in sea water was determined after passing
the sample through a set of four aluminium oxide beds arranged in series after the method of
Nevissi and Schell [18,19]. In this technique the colloidal fraction is defined as that which can
pass through a 0.45 fim filter but is efficiently sorbed on the first aluminium oxide bed and may
be quantified by the appreciably higher collection efficiency on the first bed compared with the
second and third beds [19].

Quality control was maintained by processing reagent blanks and duplicate samples, as well as
carefully monitoring detector backgrounds. Successful intercomparisons were also carried out
with other laboratories, including that of the International Atomic Energy Agency. Furthermore,
standard reference materials supplied by the National Institute of Standards and Technology have
been analysed repeatedly with excellent results.
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RESULTS AND DISCUSSION

Sea Water

Concentrations of caesium-134, caesium-137, plutonium-238, plutonium-239,240and americium-
241 in surface (1 m depth) sea water sampled at the three centrally-located stations in Carlingford
Lough and one station at the entrance to the Lough, are given in Tables 2 and 3. Little variation
is evident in the caesium-137 levels in filtered water at any of the stations, the mean value being
93 + 4 Bq nr \ Caesium-137 levels in filtered water sampled at the six shore-line stations
around the Lough also show little variation and, with one exception, were indistinguishable from
the levels recorded at the centre-line stations (Table 4). In all cases, caesium-137 levels on the
suspended paniculate fraction (1.0 - 1.5 mg I'1) were below the detection limits, the same being
true for caesium-134. Data on caesium-137 concentrations in the open waters of the western Irish
Sea indicate that the caesium-137 levels within the Lough are marginally higher than those
measured in the western Irish Sea (Table 5).

Concentrations of plutonium and americium in Lough waters were between two and three orders
of magnitude lower than those of radiocaesium. Little variation is evident in the plutonium and
americium concentrations in filtered water at the three central stations inside the Lough. Outside
the Lough and farther afield, concentrations of piutonium in filtered sea water were considerably
higher, but those of americium were very much lower j8|. Between 18% to 22% of the
plutonium-239,240 and 17% to 25% of the americium-241 was associated with the paniculate
phase in Lough waters, whereas to seaward (station Cl) the corresponding values were 8% and
49%, respectively (Table 6). The latter are in good agreement with data from studies carried
out in the open waters of the western Irish Sea in 1988 and 1989 [8].

The plutonium-238/plutonium-239,240 ratios in filtered sea water and suspended paniculate, at
0.21 ± 0.02 and 0.23 + 0.01, respectively, were identical and entirely consistent with the
corresponding ratio in radioactive waste discharges from Sellafield. Outside the Lough, the
americum-241 /plutonium-239,240 ratio in filtered water and paniculate differed sharply, whereas
in Lough waters they were similar, at 0.36 + 0.06 and 0.40 + 0.09, respectively.

Significant variations were observed in the percentages of oxidised plutonium, Pu(V,VI),
in filtered water at the three stations within the Lough (Table 6). Nevertheless, the mean value
for plutonium-239,240 of 30 + 15% is considerably smaller than the mean observed in the open
waters of the western Irish Sea namely, 83 ± 7% |8). Thus, the bulk of the plutonium in filtered
Lough water is in the reduced form, Pu(III,IV). This explains why the plutonium concentrations
in filtered water within the Lough are considerably lower than those outside as reduced
plutonium is much more particle reactive, i.e., adsorbed more readily by sediments. Although
the chemical speciation of americium in filtered water at these stations was not examined, it is
reasonable to assume that it is almost entirely in a reduced form, americium(III), with little or
none of the oxidised species, americium(V), present [20].

The partition of plutonium and americium between paniculate, colloidal and soluble fractions of
sea water sampled at stations C2 and C3 is summarised in Table 7. At both stations about 50%
of the plutonium and almost all of the americium in filtered water, i.e. the colloidal plus soluble
fractions, were in the colloidal form. Given that at least 50% of the plutonium and almost all
of the americum |20] in filtered water from the Lough are in a reduced chemical form, it is not
unreasonable to infer that the bulk of both (reduced) fractions is colloidally bound. This explains
why the concentrations of americium in filtered water within the Lough are higher than those
outside the Lough (and in the western Irish Sea), and also why the americium-241 /plutonium-
239,240 ratios in filtered water and suspended paniculate are similar.



The affinity with which a radionuclide becomes attached to suspended paniculate in the water
column and thereafter entrained in a cycle of deposition on and resuspension from the sea-bed,
is usually described in terms of a distribution coefficient. Kd. defined as the activity per unit mass
oi suspended paniculate (Bq kg'\ dry wt.) divided by the activity per unit volume of filtered
water (Bq I'1) under equilibrium conditions (i.e.. when the rates of adsorption and desorption are
equal). Kd coefficients for plutonium and americium in Carlingford Lough have been deduced
from the data and are given in Table 8. Total Kd values for both elements at Station Cl , just
outside the Lough, differ from one another by an order of magnitude and are fully consistent
with the Kd values reported for the western Irish Sea elsewhere | 8 | . However, within the Lough,
total Kd values for both elements are similar with means of (2.S ± 0.4)xI(F and (2.3 ±
0.6)xl0\ respectively. The mean Kd for reduced plutonium. Pu(III.IV). is also very similar at
(3 + l)xlO-\

The similarity betweeen the total Kd for plutonium and americium is readily explained by the fact
that the bulk of the plutonium in the filtered water is in a reduced state and consequently, the
oxidised fraction contributes only marginally to the total K,,. Furthermore, competition between
suspended solid and other species likely to be present in estuarine waters, such as colloidal
organic carbon, will tend to diminish measured KjS [21] and probably explains the lower values
(about a factor of two) observed in Lough waters.

Sediments

Radionuclide concentrations in estuarine sediments were determined at 13 inter-tidal sites around
the Lough and 3 sites near the centre of the Lough (Tables 9, 10). Caesium-137 concentrations
in the range 8-200 Bq kg"1 were observed, while plutonium-239,240 and americium-241 levels
were at least an order of magnitude lower at 1.4-18 Bq kg'1 and 0.4-8.8 Bq kg1, respectively.
These concentrations are broadly similar to those observed elsewhere along the north-east coast
of Ireland (1,2,3,13]. A particle-size distribution and classification of the sediment samples
showed them to consist mainly of sand, with only a few containing significant amounts of silt
and fine mud. As expected, there appeared to be a correlation between activity and the type of
sediment: fine sediments having a larger surface area per unit mass adsorb more radioactivity.

The mean plutonium-238/pIutonium-239,240 ratio for sediments from Carlingford Lough shows
little variation at 0.17 + 0.02 and is consistent with ratios reported for sediments along the
north-east coast of Ireland [1,13]. The americium-241/plutonium-239,240 ratio also shows little
variation, the mean being 0.42 ± 0.09. The caesium-137/caesium-134 ratio shows considerable
variation due largely, it is believed, to the imprecision of the caesium-134 determinations
resulting from the very low concentrations of this nuclide present on sediment. Nevertheless,
the mean value of 80 + 30 is consistent with values reported elsewhere throughout the Irish Sea
[1].



Biota

Mean radionuclide concentrations in biota from Carlingford Lough are given in Tables 11, 12,
13 and 14. Concentrations in the seaweed, Fucus vesiculosw, showed relatively little variation
with mean values of 6.5 ± 1.8 Bq kg1 (wet), 0.64 ± 0.22 Bq kg1 (wet) and 0.20 ± 0.08 Bq
kg ' (wet) for caesium-137, plutonium-239,240andamericium-241, respectively. Theplutonium-
238/plutonium-239,240 ratio, at 0.190 + 0.007, is similar to that of the inter-tidal sediments,
while the americium-241/plutonium-239,240 ratio, at 0.29 + 0.08, appears to be marginally
lower.

In the case of shellfish, concentrations of caesium-137 in samples of mussels, winkles and oysters
at 1.3 + 0.4 Bq kg1 (wet), 2.6 ± 0.9 Bq kg'1 (wet) and 1.0 + 0.2 Bq kg ' (wet), respectively,
were very low and quite similar to one another. Mean plutonium-239,240 levels in the three
species were an order of magnitude lower at 118 + 19 mBq kg'1 (wet), 120 + 7 mBq kg'1 (wet)
and 116 + 56 mBq kg"1 (wet), respectively, while the corresponding americium-241
concentrations were 53 ± 24 mBq kg'1 (wet), 5 2 + 1 3 mBq kg"' (wet) and 37 + 3 mBq kg'1

(wet). The mean plutonium-238/plutonium-239,240and americium-241 /plutonium-239,240 ratios
in shellfish were both similar to the corresponding ratios in seaweed and intertidal sediments.

Concentrations factors (defined as the activity of the nuclide per unit fresh mass of the material
or organism divided by the activity of the same nuclide per unit volume of water) for
radiocaesium, plutonium and americium in sediments and biota have been deduced from the data
and are summarised in Table 15. In general, the mean concentration factors for the various
species i:re in good agreement with published values for the Irish Sea and the north-east Atlantic
1221.

Gamma dose rate measurements

The gamma dose rates in air at 43 inter-tidal sites around the Lough are given in Table 16. The
overall mean was 96 + 10 nGy h ' and, with one exception, all measurements were within two
standard deviations of this value. After correction for the contribution from cosmic rays and
instrumental background, the mean terrestrial gamma dose rate in air 1 metre above ground is
33 nGy h1. This is higher than the reported mean outdoor terrestrial gamma dose rate in
Northern Ireland of 23 nGy h1 |15] though similar to the average figure obtained for Great
Britain of 34 nGy h ' |23 | and lower than the mean value reported for the Republic of Ireland
of 42 nGy h ' |24|.

In the Northern Ireland survey the highest dose rates were found in the granitic Mournes area
of South Down with a maximum of 103 nGy h'1, while in the Republic of Ireland elevated levels
were also detected in the vicinity of Carlingford and its hinterland. In contrast, dose rates for
the North Antrim basalt area were generally less than 20 nGy h '. Carlingford Lough is situated
quite close to the Mournes area; indeed, dose rates of 35 nGy h1 and 69 nGy h"1, respectively,
were reported for two adjacent 10 km square grids straddling the Lough 115|. It is clear that the
contribution of artificial radionuclides to these dose rates is negligible as virtually all of the dose
rate is due to natural sources of radiation.
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Sea-to-Land Transfer

Studies have demonstrated a clear sea-to-land transfer of plutonium and americium along the
coast of Cumbria. Measurements of coastal soils at St. Bees and Ravenglass showed
concentrations which were some 6 and 40 times higher respectively than those expected from
global fallout |12]. The concentrations decreased rapidly with distance from the shore and a
positive correlation with sodium confirmed the sea as the source. Further work, using a muslin
screen collection technique to sample sea-derived aerosols from the atmosphere both on and off
shore, demonstrated that the surf zone was the main source of actinides available for transfer.
A similar study in Northern Ireland showed that a very small sea-to-land transfer was occurring
at 8 of the 23 sites examined [13, 14J. No significant radiocaesium enrichment in aerosols or
transect soil samples was observed.

A number of mechanisms considered responsible for the transfer are cited in the literature.
These include surface sea water suspension by wind, the injection of sea water into the air by
wave breaking and the resuspension of sediments from inter-tidal areas. However, the
mechanism most favoured is that of enriched aerosol production by bubble bursting. The top
few microlayers of the seas and oceans have been observed to be highly enriched in trace metals
when compared with sub-surface water [25]. It was suggested that the cause of the enrichment
of these elements in the air/sea interface is the association of particulate trace metals with
particulate organic carbon and their eventual scavenging by wave-produced air bubbles passing
through the water column.

Radiocaesium and plutonium concentrations were measured in coastal soils at four locations along
the shores of Carlingford Lough (Table 17) and the plutonium isotopic ratios examined to
establish whether or not a detectable sea-to-land transfer had taken place (Table 18). These
ratios were compared with the mean ratio due to global fallout for inland soils throughout Ireland
of 0.034 ± 0.004 [26]. The comparison showed that the two northern sites had slightly higher
ratios, though in each case only at a point 10 metres from the high water mark. There was no
evidence of any increase in the ratio at the two southern sites. Fifty metres inshore the ratio at
all four sites was similiar to the mean inland ratio of 0.034.

That only sites on the northern shore of the Lough appear to be affected is not unexpected as the
prevailing wind is south-westerly and almost directly on-shore. Three other sites, one situated
17 km north of the Lough at Newcastle, another at Whites Town just south of the entrance to
the Lough and the third 20 km south at Clogher Head, were also examined. Only at Clogher
Head - a particularly exposed site of low relief - was there evidence of perturbation in the ratio.
Sites with elevated ratios at the 10 metre mark compared to the 50 and 100 metre marks are
indicative of localities where some degree of sea-to-land transfer of plutonium has taken place,
given that the plutonium-238/plutonium-239,240 ratio in Lough waters and the western Irish Sea
is typically in the range 0.17-0.23.

-15-



5 RADIOLOGICAL ASSESSMENT

Using the data obtained in this study an assessment of dose from seafood consumption, sea-to-
land transfer and recreational use can be made. A convenient method for estimating the
radiological consequences of the measured concentrations is by reference to the generalised
derived limits published by the National Radiological Protection Board (NRPB) [27]. These
generalised derived limits are concentrations in environmental media which might lead to an
annual dose of 1 millisievert to an individual. This is the recommended International
Commission on Radiological Protection (ICRP) dose limit for members of the public.
Deliberately cautious assumptions are made in calculating them so that their application is not
likely to underestimate the dose. The NRPB recommend that if environmental levels exceed
25% of the generalised derived limits further investigations should be undertaken so that site-
specific parameters can be used in the dose calculation.

Table 19 sets out the highest concentration found in each medium sampled and expressed as
percentages of the generalised derived limits. The highest percentage in marine samples
corresponds to caesium-137 in filtered sea water which, at 5%, is well below the 25%
investigation threshold.

A second approach to the estimation of dose in the absence of a habits survey is to postulate a
hypothetical individual who lives close to the shoreline, utilises the Lough extensively for
recreational and work purposes and consumes large quantities of locally caught seafood. If it
is assumed that he spends 100 hours/year swimming; 1000 hours/year on the inter-tidal areas and
ingests 10 g of sand a year, he would receive a dose of 2 microsieverts in a year from these
activities. External irradiation from caesium-137 in beach sediment is the primary contributor
to this dose. In addition, if the same individual consumed 50 kg fish, 10 kg crustaceans and 10
kg molluscs in a year, he would receive an additional dose in the order of 7 microsieverts. The
sea-to-land transfer effect being very small is of negligible radiological significance and can be
ignored in this dose calculation.

It is clear that this hypothetical individual, who is not typical, receives a dose of less than 10
microsieverts in a year from artificial radionuclides, i.e., less than \% of the ICRP limit of
1,000 microsieverts, from the pathways considered. This is very small when compared with the
annual average dose of 2500-4000 microsieverts received by members of the Irish public from
all sources of radiation.

It is, therefore, concluded that the dose resulting from artificial radioactivity in Carlingford
Lough is of negligible radiological significance.
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6 CONCLUSIONS

Radionuclide concentrations in Carlingfbrd Lough are broadly similar to those observed
elsewhere along the north east-coast of Ireland. There is, therefore, no evidence to suggest that
the Lough is a more effective 'sink' for artificial radioactivity than other regions along the
north-east coast. It is also clear that the dose rates recorded over the inter-tidal sediments of the
Lough are predominantly of natural origin.

The sea-to-land transfer effect is negligible and has clearly no radiological significance.

The total annual dose from the pathways considered, i.e., seafood consumption, sea-to-land
transfer and recreational use, is unlikely to exceed 10 microsieverts. This dose is less than 1%
of the ICRP recommended limit of 1000 microsieverts for members of the public and is very
small compared with the annual average dose of 2500-4000 microsieverts received by members
of the public from all sources of radiation.

The percentages of oxidised plutonium in the filtered sea water was found to be much lower in
the Lough than in the open waters of the Irish Sea. This is not unexpected and may be related
to the fact that dissolved organic carbon levels are considerably higher in Lough waters. Much
of the plutonium and americium in the filtered fraction of Lough waters appeared to be in a
colloidal form.
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TABLE I

Location of sampling sites in Garlingford Lough, September 1990.

Location Grid Rtf Samples Collected

Soldiers Point

Mill Rock

Carrtgaroaii

Killowen

Rostrevor Quay

Rosirevor

Rostrevor

\V;irrcnpoint

Narrow Water Castle

Xewry

Customs Point

Omeath

Omeath

S( hoolquay

Two Mile River Bridge

Carlingford Harbour

Carlingford

Carlingford

Golf Course

Golf Course

Cireenore

Ballyagon

2(i2 1(17

21(i

211

18!)

181

181

17<)

1 18

125

102

I .'id

137

112

157

172

192

199

20«

21()

216

227

225

1 •].'{

1 15

155

17(i

178

179

181

191

233

188

177

170

152

111

118

HI

109

108

no
101

095

Sediment, sea waici.
sraweol, winkles

Sedinienl. coaslal soil

SedniHiil. toasial soil,
seaweed

Sediinenl. sea watei

Seaufed

Seil i men i

Mussels

Sediment

Sedimeni, sea water,
seaweed, mussels, winkles

Sediment

Sediment

Coaslal soil

Sediment, seaweed

Sea water

Seaweed, mussels

Sediment, sea water,
seaweed, winkles

Mussels, oysters

Coastal soil

Seaweed. Sediment

Seaweed

Sea water, oysters

Sediment, seaweed,
ovsters

Station Cl

Station C2

Station C3

Station Cl

53°59.76'N 0<i°00.5(>' S

51°0l.76'N 0(>°07.01'S

54°03.31'N 0ti°10.00'S

51°01.10'N 06° 13.50'S

Sediment, sea water

Sea water

Sediment, sea water

Sediment, sea water
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TABLE 2
Radiocaesium in surface sea water in Carlingford Lough, September 1990.

(Station |

Co-ordinates
Fraction Concentration (Bq m1)

1 ̂  HltjJ_l_c-ill_i_;iH«_e

|CI {
•>:> : i ! i . 7 i i '

(Mi l)O..")li'

l_nsu]ej_|i< • L i j u^h

.">! 01.7( i '

(Mi 0 7 . 0 1 '

(Mi 10 .00 '

1)1.10'

Mean ol stations
inside die 1 .onuh

l i l leied walcl

!*;»( tit ul;ile

li l leied w.itel

I'.IIIK nhite

Iilleied water

I'.iilii ulale

li l leied walei

l'attic ul.Me

lilteted ualet

Panic nlate

\ \ f

\ M

\ \ I

\.\I

\ M

8S + I

\.M

!)l + 1

91 + :i

(18 + 1

\M

9:5 ± i

NM

I ii< eilainlies (]iioled ale * I S.l).
N'M: Not Measnicd



TABLE :S

Plutonium and americium in surface sea water in Garlingford Lough, September 1990.

[Station] Fraction

Co-ordinales

Concentrat ion (mBq i n ' )

- : wPu - : !"-'" Pu - " A m
-"•• l l lPu - " A m -:w--"

Lough entrance

5:i°59.7(i'

Filtered
water

Panicula te

58 + 2 283 ± 5 I S t l i 0.20-1 r O.OOli O.Oii - 0.02

(> + 1 2(i + 2 17 t I 0.22 r 0.0.") 0.1)5 + 0.0l>

Inside the
Lough

[C2|
5!°O1.7(i'
0«°07.01'

[c::5j
54°o.s.:5r
Oti° 10.00'

[CM|

54°0i 10'
IH) 1.1..)u

Filleted
watei

Partit'iikiK

Filtered
water

Particuhitt

Fiheri'd

water

Panitulatt

1 1 + 2 2 1 2 + 1 (ii + 7 0 . 1 i ) j t 0.007 0.:i0 ± O.O.'i

l.'J+ 2 59 ± 2 21 + .S 0.22 t 0.0.S O.:i(i ± O.(t")

10 + 2 20") i-1 7") + !)

11+!) 15 +1 15 ± 2

12 + 1 182 ± 12 71 + 8

9 ± 2 10 ± 2 20 ± :i

O . I W t 0.010 0..S7 + 0.0-1

0.21 + 0.02 0..'i.') + 0.0-1

0.23 ± 0.02

0.2.S ± 0.05

0.11 + 0.05

0.50 + 0.08

Mean o(
stations

inside ihe
Lough
(C2. C.'5. (Ml

Filtered
water

P,nti< ulak

11 ± 1 200+ 1(1 71 ±ti

11 ± 2 18+10 19 + .S

0.21 ±0.02

0.2:5 ± 0.01

o.:5<i ± o.O(i

0.10 ± 0.09

I'lUfitainiies (]uoted are ± 1 S.D.

- 2 , C 5 -



TABLE !
Radioraesium in filtered sea water at shore-line stations

in Carlingjbrd Lough, September 1990.

L o c a t i o n ( . r i d R e l ( . o i u c n l r . i l i o i i ( B ( | m ' i

•'Cs

Sohlii-i-

kil lowc

Narrow

S( hoolq

(lailin^i

(.H'CIIOI

Mean

J'oll

n

Wan

c

•l

lie

2(>2

ISO

ILT.

l f > 7

192

227

KIT

1 :"»:>

19!

l : > 2

118

MM

107 + I

I 'lHcilainlics quolril ate t I .S.I).

TABLE 5

Radiocaesium in filtered sea water in the western
Irish Sea, September 1990.

Location (Coordinates) Concentration (Bq nr'!)

°N °S '••'••Cs l : i7Cs

W'y'l' ")°1 1' <2 (>9 ± .S

:>rvi' :>°w <2 69 ± :•>

:>3°'>2' :")o.rj3' <2 80 ± 1

5.S°20' r>°:')<>' < 2 72 ± 3

53°2()' 5°20' <2 73 ± .«

.r)3°()3' 5°31' <2 68 ±3

I'nccrtaiiiiU's (juoli'd arc ± I S.I").



TABLEG
Percentages of plutonium and americium on suspended particulate and percentage
of plutonium (V, VI) in filtered ( <0.22 p.m) surface water from Carlingford Lough,

September 1990 and the Irish Sea, 1989.

Station

Inside ihe Lough

C2

CS

Cl

Mean

Lough Mntrance

Oi,on

-••«Pu

21 + 1

22 ± 18

18 + 1

21 + :i

suspended paniculate
2.i».2-i»pu j i iAm

2 2 + 1 25 + ; ;

18 t 1 17 t .'i

1 8 + 1 2 1 + 1

19 + 2 2 1 + 1

"a Pu (\T, VI) in filtrate

^ P u m 2 . o P u

;)2 ± :> 2:> r 2

l(i - 3 50 - 1

22 -1- 1 ! 7 - 1

: ^ i ,

S + I 19 +

Weslein Irish Sea

(9 89W 7 + li 7 + (i

Western Irish Sea

.12 89)-'

! ti + 5(1 + 21 85 t 7 8)5 t 7

Kastern Irish Sea

•12 89)-'

60 ± 20 (iO + 20 90 + 2 8 1 + 3 83 +

1'iU't'Maintifs (juoifd + 1 S.I).

•'Soimr: Miuliell el ;il. |8| .



TABLE 7
Partition of plutonium and americium between the particulate ( <0.22 |Xm),

colloidal and soluble fractions of sea water at stations C2 and C3 in
Carlingford Lough, September 1990.

Station

Inside the I .ou.nl

C2

C3

Fraction

li

Paniculate

Colloidal

Soluble

Paniculate

Colloidal

Soluble

Concentration

-'•'"•-"'Pu

33 ± 2

5f> + 12

65 + 17

21 t 2

70 + 10

70 + 20

(mBq m j )

" ' A n .

15 ± 1

12 + 2

< 3

15 + 2

81 ± 5

< 8

23».2-10pu

22 ± 5

36 ± 9

•12+ 12

15 + 2

15 ± 10

•15 ± 10

% of total

-"Am

5,i * 6

H +8

16 + 2

81 ± 7

I iKcilainlies (juoled are ± 1 S.D.

TABLE 8

Distribution coefficients for plutonium and americium in sea water in
Carlingford Lough, September 1990 and the Irish Sea, 1989.

Station Kd (Total) Kd (reduced)

Insidi

(

(

(

Mean

• the Lough

'.2

;3

:i

(2.

(2.

(1-

(2.

5

9

7

1

2.I9.2-M)pu

± 0.9) X HP

±0.9)x 10s

± 0.7) x 10s

±0.4)x 10r>

(3.0

(1.8

(2.1

(2.3

'•"'Am

± 1.2)

±0.7)

±0.9)

±0.6)

X

X

X

X

',()'<

10-

10r'

(3.6

(4.1

(2.1

(3

23!

±

±

±

±

1.3)

1-7)

0.8)

Dx

'u

x 10r>

x 10s

x 10s

105

Lougli KniiaiKc

Cl

Western Irish Sea-'

Kastern Irish Sea11

(5.7 ± 1.5) x 101

(-1 ± 2) x 10s

(5.9 ± 2.5) x 1

(5 ± 3) x 10r'

(3± l ) x 1011

(6 ± 4) x 10s

( 3 ± 2 ) x 101'

(Incertaimies ((noted are ± 1 S.D.

'Soune: Mill hell et al [8]. -26-



TABLI 9

Radiocaesium in sediments in Carlingford Lough, September 1990.

Location

Soldiers Point

Mill Rock

Canigaioan

killowen

Rostrevor

Warrenpoini

Narrow W'au-r (iisil<-

Nl'WIA

Oineatli

Omealh

(in lingiord I larlxiut

Golf Course

Ballyagon

Lough Kniiance

Cl

Inside (lie Lough

CS

Cl

Mean (inter-tidal

sediments)

CJri*l Rt l

2(i2 107

2!( i l-l.S

211 115

18!) 155

182 178

118 181

125 1!)|

102 2:W

I.SO 188

112 170

192 118

2 hi 108

225 095

Concentration (Bq

•••"Cls

<0.2

1.1 i 0.2

0.8 + 0.2

2.0 < O.:i

2.5 t 0.8

0.0 + 0.2

2.7 t 0.1

1.1 ^ 0..S

2.7 t 0.2

I.I ( 0.2

2.5 + 0.1

<0.2

0.1 M).l

0.2 t 0.1

<0.2

().(> t 0.2

-

k g ' ) (dry \\i)

1:17Cs

1 I . I - 0 . 1

1!) < 2

77 + 2

150 t .i

. 7 .SM!

liS + 2

Ki2 + 1

17!) < 1

1 7 1 + 1

lili ^ 2

200 + 1

18.5 + 0 . 5

i : ; . i + o . i

Mi.fi t 0.1

7.7 + 0..S

71 + 2

-

'-Cs

15

!Mi

/.)

(i!>

7(i

«„,
II

(il

fiO

80

LSI

8.S

I2.S

80

•^'Cs

-

i * 8

* 1 8

• 10

< 2:1

• 17

M)

* ,S

"* .'»

+ 11

+ 12

-

+ (ifi

+ 21

-

+ .SI

+ :>o

I'lKcMainlies (inoied are i 1 S.I).



TABLE 10
Plutonium and ameriuum in sediments in Carlingford Lough, September 1990.

Location (;ri<l Rel Com duration (mBt) kg"1) (dry wi)

Soldieis Point 2C.2 107 198 4 9 l.'>89 + 29 .WO4 21 (I. I l."> - 0.007 0.2t> -r 0.02

Mill R(>( k 2Ki 1 i:i - - I.'{.">."> + 19(i'

C;ini,i;;iioan 211 113 H U M 29 8372 + I l<> :iR!)ll ' !l!l 0.188 t O.O.'i 0.13 + 0.01

ki l lowcn 189 133 - - .r>.'4.tS 4 li.37'

R(istn-\oi 182 178 2129 + .")/ 11987+11)0 3 7 7 ! 4 I ( > 3 0.178 + 0.0(12 0.18 + 0.02

W a n e n p o i n t I 18 181 - - li.31(i + 1010'

Xaviow Watci 123 191 2O7M + 78 12:>2."i 4 :i()7 1820 r 131 0. HiK + (I.OOli O.:i9 + 0.02

Casilc

\ r \ \ i \ 102 2:i.'i - - 88.'i.3 + 1 I 10'

Oincalh l.'iO 188 - - 7K").'> f S.S7-'

O m c a i h 112 170 911) M 8 3:i(i(l + 72 2321 4 82 0.171 + O.OO.'i 0.17 + 0.02

o n ! 192 IIS :il!t:i+IO(i 18030+100 H(i20 + 2(i0 0.177 + 0.003 0.18 + 0.02

f laihoiii

(ioll Coins.- 21b 108 - - Ki/I 4 .'529'

l ialKaooii 223 093 - - li.39 + 170'

I .oiitj l l

3 1 •().'{'< Mi 10' - - - <))!) + 181

3 1 dl 'Ol i l . ' i ' - - - 21 10 + 100

Mean - 0 . 17+0 .02 0.12 + 0.09

I'IK ci lainlics (|iioU'd a n ' + 1 S.I).

'Measured bv high resolution gani ina sj>ct tromctry
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TABLE II

Radiocaesium and poiassium—JO in Fucus vesiculosus anil ('.hrondrus crispus

in Carlingford Lough, September 1990.

Locution

.Soldiers I'oinl

Canigaroan

Carngaroan

Rosirevor Qiiav

Narrow W'aier

Caslle

Omealli

Two Mile Rivei

Bridge

Two Mile River

Bi'idge

Cailingloid

1 Iarhoui

(ioll Course

Ballvagon

Mean

Grid Rel

2(i2 107

211 115

211 115'

181 17(i

125 19!

1 12 170

172 111

172 1111

192 118

2l(i 110

225 095

: i i i •

:>(»8 +

8 8 +

2 is +

:vi.5 *

250 +

s i2 t

5 ( i ^

:ii(i t

w *

28.S +

Conu'iilialior

1 1

1 1

q

10

17

1(1

12

IS

13

11

0.07

0.09

(1.09

0.11

(UK)

0.12

0.09

<

0.1 1

0.0(i

0 09

i (Bq k g 1 )

!lc:s

' 0 .02

- O.O.'i

i 0.0.S

t O.O.'i

+ 0.0:5

+ O.O.'i

+ O.O.'i

:o..s

+ O.().'i

+ 0.02

f 0 ()')

' • • (

1.5 -

I . I '

5.8 *

(i.l -

5. 1 t

li. 1 +

7.1 +

1.5 +

10.9 +

5.1 +

( i9 +

().'> +

Is

(1.2

0.2

0.2

0.2

0.2

0.2

0.2

()..'!

o.:i

0.2

0.2

1.8

'•'Cs

7:; •

5 5 ̂

90 -

5:! *

82 r

-

78 t

90 +

/ / +

75 t

" ' C s

1!)

21

28

i:;

:<s

11

2,'i

17

•M)

' )>)

10

I'lucilainiies tjuoli'd ;ire t I S.l).

•'Chrondrus irispus
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TABLE 12

Plutonium and amemium in Fucus vcsiculosus and Chtondvus cnspus in
Garlingford Lough, September 1990.

Location d i d Rrf Coin filtration (niBq kg1) (wei wt)
L':ispu L>.l'l.21»I>u

Noldieis 1'oini 21)2 107 113 + 3 ">70 t 9 I39?"> 0.198 + O.(IOf) 0 .21*0 .01

C a n i g a i o a n 21111.") 117 « 3 .">91 ? 20 117 + .') 0.197 M).OO9 ().LV> ± 0.01

C a n i g a i c a n 211 1 l.V - - 290 - 70''

RoMieun 181 I7(i 122 + .") (i8"> + 19 2 7 1 + 1 1 0.179 + 0.009 0.10 ± 0.02

NaiiDw Wati-i I2.">191 <i2 + :i .'W0 + 8 9 7 + 1 2 0.189 + 0.009 0.29 + 0.01

Castle

Oinca th 112 170 9 1 + 2 180 t 9 1 .").'> + 5 0.190 + 0.00(5 0.32 ± 0.01

l u o . M i l e 172 1 II - - 212 + .•>!'•

Ri \e i Bridge

Cai l iug l iml 192 I IS IS2 + I 9 1 0 + 1 7 :VI3 t 8 0.191+0.00(5 O.3I5 + O.O1

1 (aihoin

(it til (J)iiiM' 2lli 108 -

Ballyagon 22") 093 I(i7 + 5 <»0(i + 22 l(i"» t (i 0.18') ± 0.00(5 0.18 + 0.01

Me;m 122+11 (513+220 202 + 82 0.190 ±0.007 0.29 ± 0.08

I i](<'iiainiics (jiioied are + 1 S.I).

•'('.liri)H(lru.\ t ri.s/m.s

''Measured h\ high resolution gamma spec iromelry



TABLE 13

Radiocaesium and potassium-40 in shellfish in Carlingford Lough, September 1990.

Localion Grid Ref
111K

Concentration (Bo, kg1) (wet wt)

•••"Cs '•"Cs

Mussels

Rostrevor

Narrow Water Castle

'I"wo Mile River Bridge

Carlingford

Trawl

Carlingford

Mean

Winkles

Soldiers Point

Narrow Water Castle

Carlingford I larhour

Mean

Oysters

Carlingford

Gieenore

Ballyagon

Mean

179 179

125 191

172 111

199 111

-

199 1111

2(>2 107

125 191

192 118

199 111

227 KM

225 095

3 1 + 2

11 + 3

11 ±3

38 ± 3

18 ± 3

75 ± 2

71 ±9

1)2 ± 7

Hi ± 12

l)^ + ] ]

7 1 + 7

7(i + 8

<0.8

1.0 + 0.1

1.2 + (U

1.0 ±0.1

0.9 ±0.1

2.0 ± 0.I

1.3 ± 0.1

1.5 + 0.2

3.1 ± 0.2

3.3 ± 0.1

L'.fi ± 0.9

0.9 ± 0.2

1.0 ±0.2

1.2 ±0.2

1.0 ±0.2

Uncertainties quoted are ± 1 S.D.

••siiinplcd in August 1988
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TABLE 14

Plutonium and americium in shellfish in Carlinglord Lough, September 1990.

Location Grid Ref Concentration (mBq kg~') (wrl wt)

-'»Pu -"Am

Mussels

Rosircvor 179 179 21 + I

Narrow Water 125 191

Castle

Two Mile 172 111

River Bridge

Winkles

Soldiers Point 262 107

Carlingford 192 118

Harbour

Mean

Oysters

Carlingford 199 111

Greenote 227 101

Mean

Mean for shellfish

I 7 ± I

Carlinglord 199 111 18 + 2

Trawl

Carlingford 199 111' 13 ± 2

Mean 25 + 2

21 + I

22 ± 1

22 ± 1

111 ±

100 + 2

1-13 + (i

221 + 8

111 + 19

120 + 7

(7 + I 0.19 ± 0.01 0.12 r 0.02

1 3 - 2 0 .17*0.01 0 .13-0.03

7 1 + 2 0.13 + 0.02 ().")() + 0.03

29 + 1

0.20 + 0.01

17 + 21 0.17 + 0.03 0.1.r)±0.01

11") ±3 12 + 3 0.18 + 0.01 0.37 + 0.02

121 + 3 (il + 3 0.18 + 0.01 0..")0 + 0.03

52 + 13 0.18 ±0.01 0.11 + 0.09

31 + 1

17 + 2

21 + 10

155+1

7 6 +• 1

11 (> ± 56

37

37

37

+ 3

+ 2

+ 3

0.20

0.22

0.21

0.19

± 0.01

+ 0.03

+ 0.01

+ 0.02

0.2 1 + 0.02

0.18 ± 0.01

0.36 + 0.1 7

0.12 + 0.10

Uncertainties quoted arc ± 1 S.I).

•'Sampled in August 1988
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TABLE 15
Concentration factors for radiocaesium, plutonium and americium in sediment

and biota in Carlingford Lough, September 1990.

Compartment Mean concentration factor' |Range]

Kadiocacsium Plutonium Americium

Sediment (1.2 + 0.6) x IO ! <(> + 2) x 10'

|3 - 9 | x 10'

(n - 5)

lii( us \esi( ulosns

| 1 - l l | x 10'

(it = 7)

Cliiondtis erispus 5 x KM - l x 10:(

(Carragheen)

(n = I)

(1.2

|o.r.
in =

(7 +

M-
(n =

f> x

[:"'-

(ii =

(1.3

|0.!>

(n =

(.. =

(1.0

|0.<>

(11 =

' t 0.6) x

- 2 . 0 | x

= 11)

2) x 10'

10!

10'

l l | x 10'

KM

( i ] x 10'

2)

+ o . h x

- 2.01 x

<>)

:i]x 10'

3>

+ 0.2) x

- 1.21 x

3)

10'

10'

10'

10'

<8±

(n =

((i.O

(ii =

(6 +

| 1 -
(ii =

i:
i l

: l>

±

3)

»1
2)

\ x 10'

1 x 10-

)

C.3) x 10-

i.2]x 10-

I

\ !()•-'

x 10-

(7 ±

1-'-
(n =

(3±

M -
( i i =

1)

121
11

1)

1]>

7)

x 10'

x 10'

)

x 10'

.Mussels (1.3 + O . h x 10' ( 8 ± l ) x l O : i (7 ± I) x 10-

| 2 - 1 3 ) x l O -

(n = "))

Winkles ( 3 + D x l O 1 (<>.() -t C.3) x 10- ( 7 ± 2 ) x i 0 -

[6 -« ) ]x 10-

(n = 2)

Ovsters (1.0 + 0.2) x 10' (6 + 3) x 10- "> x 10-

(ii = 2)

I n< cllainties quoted are + I.S.I).
•'CaUuIated using mean l i 7(.s. -'W-H'I'ii and -"Am (oiKcniiation.s in Calling lord Lough
of 101 Bq in :;. 200 inBq m ''. and 71 niBq m •''. ics|)e< lively.



TABLE 16

G a m m a close rale measurements at inter-tidal sites a round C'arlingford L o u g h ,

September 1990.

Location

(iianlield F.isi
Soldieis Point
Soldieis Poilll

(.leen Island Piet

(iieen Island l'iei
Dn.H.Hans Point
I he IJenis

l>enai>li I louse

Mill Roi k
li.illmnn
1 >.1111111L11

( ! a i t i . i > a i o a n

(iauijjaioan
( .in 1s4.no.111

I5ii- Moal

Killowen

Killowen
Roslte\oi Qua\
Rostlexoi

Rosltevoi

Dobbins Point
Waneiipoiiil

Narrow Water Caslle

Customs Poini

Customs Point
Omealli

Omeath

Omeaili
St liool(]iia>
Selioolquay

Two Mile River Bridge

Catlinglord

Carl in.(> ford
Caiiiu^lord I laibour
Catlinglord

Carlinj;lord
Carlinglord
Golf Course

Golf Course
Golf Course
Gteeiiore Poll
Gieenore

BiillyjiRon

(.rid Ref

2(i8 101

21 i2 107

25 1 112

211 l l t i

215 122

217 127
25!) 128

25l i l:i5

211. 1 i:i

2:17 1 i:i
227 1 Hi
221 1 l:i

211 1 15
205 1 15
198 150

IX!) 155

1 8 5 M i l

1 8 1 17fi

179 17!)

hi!) 182

157 l«.'i
118 181
125 191

II!) 195

ISO 188
l.'ili 180

112 170

1 12 I(i2

157 152
Ili2 1 18
172 11!

181 ]Mi

18(i 12(i
192 118
199 111

20(i 10!)
208 112
2 Hi 101
2 hi 108

2I(i 110
221 111
227 101

225 095

Sile I)es< liplion

Sand
Sand

Sand
Sand
Sand Sih

Sand Sill
Mud Small Slones
Mud Small Stones

Mud Sill

Sand Sill
Sand Shingle

Sand Stones

Sand Stones
Sand Stones

Sand Sill
Slolles
Stones

Slones
Sand Sliinjule

Sill Mud

S a n d Sliiiii>le

Sand
Fine Mud

Mud Sill
Mud Sill
Mud Sill
Mud Sill

Sand

Coarse Sand
Coarse Sand
Stones

Stones

Stones
Mud Sill

Fine Sand

Fine Sand

Fine Sand
Stones Sand
Sand

Coarse Sand Gravel
Roeks

Fine Sand
Fine Sand

Mean ( ± 1 S.I).)
Kant;e

Gamma Dose Kate
in air at lm

81

81 i

9(1

82

81

8.5

107
101

10!)

91
10!)

9ti

105

10.S

107
99

102
108
100

129

102
99

110

91

!):i

103
111

9!
92

92

91)

!)()

!)()

!)()

!)()

88
92
85

91
87
82
81

9(i± 10
81 - 129

-.SI-



TABLE 17

Radiocaesium and plutonium in coastal soils (0-5 cm depth) at Carlingford Lough
and farther afield, September 1990.

Location

Carlingford Lough:

Mill Rock

Carrigaroan

Omeath

Carlingford

Other sites:

Newcastle, Co. Down

Clogher Hd., Co. Louth

Whites Town, Co. Louth

(Ballangan Point)

Distance from
high water
mark (m)

10

50

10

50

10

50

20

50

10

100

10

100

20

100

Bq kg"1 (dry

'*Cs

15

13

12

17

12

14

12

17

11

11

13

10

20

11

Concentration
wt)

••»Cs

158

135

131

175

128

142

127

176

149

121

135

113

174

107

mBq kg"1

*»PU

85

35

79

45

39

38

37

41

40

49

75

45

33

34

(dry wt)

2K..240pu

1200

1015

1144

1210

1075

1035

1120

1150

1090

1130

960

985

990

970
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TABLE 18
Plutonium isotopic ratios in coastal soils at Carlingford Lough

and farther afield, September 1990.

Location Grid Ref Disianre from high
water mark (m) iO»pu/-2S9.240pu

Cailingiord I .mi

Mill Rock 2-1(> I 13 10
50

0.07J ± 0.004
0.03-1 ± 0.003

Canigaioan 211 1-13 10
50

0.069 ± 0.003
0.037 ± 0.00-4

137 177 10
50

0.036 ± 0.00-1
0.037 ± 0.003

Cai lingforcl 206 10!) 20
50

0.033 ± 0.004
0.036 ± 0.001

Others:

Newcastle.
Co. Down

10
100

0.037 ± 0.002
0.043 ± 0.003

Cloghei Hd,
CA>. I.oulh

10
100

0.078 ± 0.004
0.046 ± 0.004

U'liilc's I'own
(Ballangan Pi).
Co. Louih

20
100

0.033 ± 0.002
0.035 ± 0.004

Irish Inland Survey 0.034 ± 0.004-"

•'mean ( + 1 S.D.)
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TABLE 19

Environmental levels of radionuclides in Carlingford Lough, September 1990,
in comparison with generalised derived limits.

Measured Quantity
and Units

Filtered
sea waier
(Bq 1 ')

Beaeh
sediment*
(Bq kg-'.dry tt-i)

Molluscs*
(Bq kg'1, wet vvl)

Carlingford

Radionudide

c:s-i.S7
Pu-2:59,210
Am-211

c:s- i - i7

Pu-2.S9.210
Ain-211

Cs-137
Pu-2:59.21O
Am-211

L o u g h

Maximum

I.I x 10-'
2.1 x 10 >
7.5 x 1 ()-•"•

2x 10-
18
8

2.2 x 10•'

7.1 x 10-

Generalised Derived
Limit (GDL)

•>

o.o:5
0.00'J

7 x 10!

•1 x 10 '

:i x I O 1

1 x 10'
2x 10-
1 x 10-

.Percenlage
of GDL

5.1
0.7
1.5

2.9
0.05
0.03

0.0.1
0.1
0.7

Fish*
(Bq kg-', wet wt)

Cs-137 2.9 8x 10- 0.12

•Highfsl level found in spot samples.
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