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Summary

The safety of the food chain and the protection of the environment are prime concerns of the Irish
public. This report presents the results of the marine radioactivity monitoring programme carried out
by the Radiological Protection Institute of Ireland (RPII) during 1998 and 1999.  The primary
objective of the programme is to assess the exposure of the Irish population resulting from radioactive
contamination of the Irish marine environment and to estimate the risks to health from this exposure.
Discharged radioactive waste from the British Nuclear Fuels plc (BNFL) reprocessing plant at
Sellafield continues to be the dominant source of this contamination. In particular, the remobilisation
from sediments of historic discharges makes an important contribution to the levels of radioactivity
in the seawater of the western Irish Sea. Approximately 300 samples of fish, shellfish, seaweed,
seawater and sediment were collected in 1998 and again in 1999.  Both the Marine Institute and the
Department of the Marine and Natural Resources assisted the Institute with this sampling.  The
samples were analysed for a range of contaminating radionuclides at the Institute’s radio-analytical
laboratory. 

The results show that the radionuclide of greatest dosimetric significance continues to be caesium-
137.  The activity concentration of this radionuclide in the Irish marine environment has remained
relatively stable since the mid 1990s but at a lower level than that observed during the previous two
decades. Along the Irish coastline the highest activity concentrations observed are in the north-east.

Since 1994 the commissioning and operation of new facilities at Sellafield have resulted in an
increase in the discharges of technetium-99 to the Irish Sea.  This has been reflected in an increase in
the activity concentrations of this radionuclide at all east coast sampling sites between 1994 and
1999.  However, the low radiotoxicity of technetium-99 means that it is generally of lesser
radiological significance than caesium-137.  For the first year since 1994, a decrease in the mean
activity concentrations of technetium-99 was observed in north-east coastline samples during 1998
and this trend continued in 1999.  

The main pathway contributing to the exposure of the Irish public is the consumption of seafood.  The
committed effective doses to heavy consumers of seafood due to measured artificial radionuclides
were 1.42 µSv in 1998 and 1.33 µSv in 1999.  Of this, caesium-137 is the dominant radionuclide,
accounting for approximately 60% of the total dose.  The dose to the Irish population due to this
radionuclide has declined significantly over the last two decades.  For example, in 1982 the dose due
to caesium-137 to heavy consumers was estimated to be approximately 70 µSv. This had fallen to 0.83
and 0.82 µSv in 1998 and 1999, respectively.

These doses may be put into context by comparing them with the dose attributable to the presence of
the naturally occurring radionuclide, polonium-210, in seafood.  This has been estimated to be 148
µSv for heavy seafood consumers.  The estimated doses may also be compared with the annual
average dose of approximately 3000 µSv from all sources of radiation received by members of the
Irish public.  The dose received in 1998 and 1999 by a heavy seafood consumer corresponds to a risk
of developing a fatal cancer of approximately one in 13 million.

It is evident that discharges from Sellafield result in contamination of the Irish marine environment
and exposure to the Irish population. Clearly continued exposure due to an installation from which
Ireland derives no benefit is both undesirable and unnecessary and should be discontinued as soon as
possible. However, the doses received through the consumption of seafood, walking on beaches or any
other marine based activity are low and do not constitute a significant health risk.
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1. Introduction

This report presents the results of the marine radioactivity monitoring programme carried out by the
Radiological Protection Institute of Ireland (RPII) during 1998 and 1999.  The primary objective of
the monitoring programme is to assess the exposure to the Irish population resulting from radioactive
contamination of the Irish marine environment and to estimate the associated risks to health.  In
addition, the programme aims to assess the distribution of contaminating radionuclides and to identify
long term trends. The programme involves the routine sampling and testing for radioactivity in fish,
shellfish, seaweed, sediments and seawater.  The Institute is assisted in the collection of samples by
the Marine Institute and the Department of the Marine and Natural Resources. 

In recent decades Irish coastal waters have been influenced by a number of artificial sources.  These
include discharges from nuclear installations, fall-out from the Chernobyl accident in 1986,
atmospheric nuclear weapons testing during the 1950s and 1960s and discharges to sewage from some
hospitals of radionuclides used for medical purposes.  The most significant of these sources is the
discharge of low-level radioactive waste from the British Nuclear Fuels plc (BNFL) nuclear fuel
reprocessing plant situated at Sellafield in Cumbria in the north-west of England.

In addition to its routine monitoring activities, the Institute is actively involved in marine
radioecology research aimed at providing a better understanding of the long-term fate of radionuclides
in the marine environment. In June of 1999, the Institute completed its contribution to the European
Union funded Arctic Marine Radioecology project (ARMARA) which had been commenced in
January 1996. Also, during this period the Institute undertook research into technetium-99
concentration factors in a range of marine biota.
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2. Sources of Radioactivity in the Irish Marine Environment

The most significant source of radioactive contamination in the Irish Sea is the discharge of low-level
liquid waste from BNFL’s nuclear fuel reprocessing plant situated at Sellafield. Activities at Sellafield
include spent fuel storage and reprocessing, the storage and vitrification of high-level radioactive
wastes, decommissioning of obsolete plant, the generation of nuclear power and the fabrication of
mixed oxide (MOX) fuel for nuclear reactors. Radioactive wastes resulting from these operations are
treated to reduce their radioactivity concentration and are then discharged to the Irish Sea. These
discharges are authorised by the UK Environment Agency, which stipulates that the best practical
means be used to limit the activity of the waste discharged and that discharges do not exceed
prescribed limits. The Sellafield marine discharge data for 1997 and 1998 and the discharge limits for
1998 are presented in Table 1 [MAFF and SEPA, 1998; MAFF and SEPA, 1999].

In July 1998 at Sintra, Portugal, the Contracting Parties to the Convention for the Protection of the
Marine Environment of the North-East Atlantic adopted the following objective strategy for the
purposes of directing the future work of the Commission with regard to radioactive substances. The
objective is to prevent pollution of the maritime area from ionising radiation through progressive and
substantial reductions of discharges, emissions and losses of radioactive substances, with the ultimate
aim of concentrations in the environment near background values for naturally occurring radioactive
substances and close to zero for artificial radioactive substances. In achieving this objective, the
following issues should, inter alia, be taken into account: legitimate uses of the sea, technical
feasibility and radiological impacts on man and biota.
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Figure 1. Marine Discharges of Caesium-137 from Sellafield, 1952-1998
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The strategy will be implemented in accordance with the following time frame:

• By the year 2000 the Commission will, for the whole maritime area, work towards achieving
further substantial reductions or elimination of discharges, emissions and losses of radioactive
substances.

• By the year 2020 the Commission will ensure that discharges, emissions and losses of radioactive
substances are reduced to levels where additional concentrations in the marine environment above
historic levels, resulting from such discharges, emissions and losses, are close to zero.

Discharges from Sellafield to the marine began in the early 1950s and were relatively low until the
early to mid-1970s, when considerably larger discharges occurred [Gray et al., 1995].  Discharges
then decreased during the late 1970s and early 1980s.  The commissioning of the Site Ion Exchange
Effluent Plant (SIXEP) and the Salt Evaporator waste treatment facility resulted in a substantial
reduction in discharges in the mid-1980s.  Since 1986, discharges of most radionuclides from the site
have remained relatively constant with the notable exception of technetium-99.  The discharges of the
radionuclide caesium-137 between 1952 and 1998 are illustrated in Figure 1.  Furthermore the
remobilisation from sediments of historic discharges is now an important source of caesium-137
particularly in the seawater of the western Irish Sea [MAFF and SEPA, 1998; Hunt and Kershaw,
1990].

Annual marine discharges of technetium-99 from the Sellafield site have increased significantly since
1994.  This is clearly seen in Figure 2, which shows annual discharges of technetium-99 as compared
with caesium-137 for the period 1988 to 1998.  The increased discharges of technetium-99 are due
mainly to the processing of a backlog of liquid waste through the Enhanced Actinide Removal Plant
(EARP) at Sellafield.  This liquid waste had been accumulated in storage tanks on site since the early
1980s and contains a range of long-lived radionuclides including technetium-99 and the actinides.
EARP, which is designed to reduce the concentrations of actinides in effluent discharged to the Irish
Sea, is ineffective at removing technetium.  Hence the processing of this waste backlog has resulted
in a large increase in the quantities of technetium discharged.

Fall-out from nuclear weapons testing, most of which was carried out during the 1950s and 1960s, has
also resulted in contamination of the marine environment.  The longer lived radionuclides resulting
from these tests, such as tritium (hydrogen-3), carbon-14, strontium-90, caesium-137 and plutonium-
238,239,240, have contributed to the inventory of artificial radioactivity in the Irish marine
environment. 

The UK Government revealed in 1997 that dumping of radioactive wastes at locations in the Irish Sea
and other waters around the coast of the UK had taken place on a limited scale between 1957 and
1976.  These sites included Beaufort’s Dyke, the Firth of Forth, the North Sea, the Firth of Clyde,
Liverpool Bay, Morecambe Bay and the Humber Estuary.  The materials dumped included sludges
and packaged solid wastes.  The Minister for the Marine and Natural Resources established a Task
Force to examine the impact of this dumping.  As part of this study the Institute, in conjunction with
the Physics Department of University College Dublin, commenced an assessment of the potential
doses to members of the Irish population from this dumping.  The Task Force carried out much of its
work in 1998 and reported its findings in 1999 [Dept. Marine and Natural Resources, 1999]. The Task
Force acknowledged the legitimate concern expressed by members of the public about the fact that
some of the material dumped exists on the seabed but concluded that the risk to human health and to
marine life arising from the dumping is low and does not constitute a health hazard. 
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Radionuclides such as iodine-131 are used for medical purposes and give rise to discharges from
hospitals to sewage, resulting in traces of these radionuclides in some Irish coastal waters.  As these
radionuclides are predominantly short-lived, their contribution to the inventory of artificial
radionuclides in the marine environment is small.

The primary source of radioactivity in the marine environment is of natural origin.  The activity
concentrations of the naturally occurring radionuclides most commonly found in seawater are
summarised in Table 2 [Walker and Rose, 1990].  Of these polonium-210 is known to make the most
significant contribution to radiation exposure through the consumption of marine foodstuffs [Pollard
et. al., 1998]. 

Potassium-40, a naturally occurring radionuclide, is present in relatively large activity concentrations
in the marine environment. However it is controlled by homeostatic processes in the human body
[Eisenbud and Gessell, 1997] and its equilibrium activity concentration in the body is normally
independent of the amount consumed.  Therefore, while the activity concentrations of this
radionuclide in seafood are considerably higher than many other natural radionuclides, its presence
does not result in an increased radiological hazard.
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Figure 2. Marine Discharges of Technetium-99 and Caesium-137 from Sellafield, 1988-1998
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3. Methods of Sampling and Analysis 

Sampling

During 1998 and 1999 fish and shellfish were routinely collected from commercial landings at major
Irish fishing ports. Particular attention was given to collecting samples from the “north-east” ports of
Carlingford, Clogherhead and Howth. Seawater, sediment and seaweed were also collected from
coastal sites and seawater and sediment samples were taken at offshore sites in the western Irish Sea.
The Marine Institute’s research vessel, the Celtic Voyager, was used for offshore sample collection.
The coastal sampling sites are shown in Figure 3 and offshore locations in Figure 4 with their co-
ordinates listed in Table 3.  Sampling details are given in Table 4.  The sampling frequency for each
site reflects the resolution judged to be necessary to assess the population dose and to identify
important trends.

The fish species routinely monitored were whiting (Merlangius merlangus), cod (Gadus morhua),
plaice (Pleuronectus platessa), herring (Clupea harengus), mackerel (Scomber scombrus), and ray
(Raja sp.). These constitute the major proportion of fish landings and are the more common species
consumed by members of the Irish public.  The shellfish species routinely monitored were prawns
(Nephrops norvegicus), mussels (Mytilus edulis) and oysters (Crassostrea gigas).

While Institute staff carried out most of the sampling operations, Fisheries Officers of the Department
of the Marine and Natural Resources assisted in the sampling along the south and west coasts.
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Figure 3. Main Coastal Sampling Locations
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Analysis

Initial preparation of samples included cleaning fish and shellfish and separation of the edible portion
for analysis.  Seaweed samples were washed to remove all sediment and other extraneous material.
Fish, shellfish, seaweed and sediment samples were then dried to constant weight, pulverised and
thoroughly mixed.  Samples were analysed individually for caesium-137 and other gamma-emitting
radionuclides.  Selected individual and bulked samples were analysed for carbon-14, technetium-99,
plutonium-238, plutonium-239,240 and americium-241.  Analytical and measurement techniques are
summarised in Table 5.  

All results are quoted as activity concentrations in Bq/kg or mBq/l and were decay corrected to the
date of sampling.  Where activity concentrations are quoted as Bq/kg, they are expressed either on a
wet weight (wet) basis or on a dry weight (dry) basis. Bulked samples were decay corrected to the
middle of the bulking period.  Approximate detection limits under typical analytical conditions are 0.1
Bq/kg for technetium-99, 1.0 Bq/kg for carbon-14 and iodine-131, 0.3 Bq/kg for caesium-137, 0.001
Bq/kg for plutonium-238 and plutonium-239,240 and 0.002 Bq/kg for americium-241.  Under typical
counting conditions, two-sigma uncertainties on gamma and alpha spectrometry and carbon-14
measurements were ± 15% or better while those for technetium-99 measurements were ± 10% or
better except in fish where uncertainties are typically 30%.

The Institute’s radio-analytical laboratory implements a comprehensive quality assurance system and
holds accreditation from the Irish National Accreditation Board for a broad range of tests [NAB,
1998].  Analytical techniques are normally validated both through participation in intercomparison
exercises and by analysis of certified reference materials.
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Figure 4. Sampling Locations in the Irish Sea
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4. Radioactivity Concentrations

Seawater

Seawater samples were analysed for caesium-137 and a selected number for technetium-99.  The
results for coastline seawater are presented in Table 6 and the mean activity concentrations of
caesium-137 are presented in Figure 5.  In 1998 the mean activity concentrations of caesium-137 in
coastline seawater samples ranged from 34 mBq/l at Greenore, the most northern Irish Sea seawater
sampling point, to 3 mBq/l at Galway. The maximum activity concentration recorded was 48 mBq/l
in Greenore in November.  In 1999 the mean activity concentrations of caesium-137 in coastline
seawater ranged between 31.5 mBq/l at Bull Island to 2 mBq/l in Galway. The maximum activity
concentration recorded was 36 mBq/l in Greenore in September. 

Caesium-137 activity concentrations in offshore samples from the western Irish Sea in 1998 ranged
from 31 mBq/l at locations N4 and N6, between Dundalk Bay and the Isle of Man, to 9 mBq/l at
station S2, south-east of Dublin (Table 7). In 1999 the activity concentrations in offshore seawater
ranged from 31 mBq/l recorded at locations N1 and N6 to 22 mBq/l at station N5. The offshore
locations south of Dublin were not sampled in 1999.

7

Galway

Castletownbere

1999
1998

4
-

3
2

4
- Dunmore East

Bull Island

Balbriggan

Greenore

4
-

12.5
7.5

34
29

22.3
31.5

24.5
27.7

Cahore

Figure 5. Mean Caesium-137 Activity Concentrations in Coastline Seawater (mBq/l),
1998 and 1999

Killybegs



Figure 6 illustrates the trend observed in caesium-137 activity concentrations in seawater at locations
N1-N6 inclusive since offshore sampling was commenced in 1985. Since the mid-1990s caesium-137
activity concentrations in the western Irish Sea have remained essentially stable. The remobilisation
from sediments of historic discharges is now an important source of caesium-137 in seawater from
the western Irish Sea [MAFF and SEPA, 1998; Hunt and Kershaw, 1990].  For this reason the rate of
reduction in caesium-137 activity concentrations in seawater has been slower than would be expected
due to the decreases in discharges of this radionuclide from Sellafield. The caesium-137 activity
concentrations measured along the south and west coasts in 1998 and 1999 were similar to those
measured in the periods 1996 and 1997 [Long et al., 1998].

In 1998 the mean activity concentrations of technetium-99 in coastline seawater samples ranged from
22 mBq/l at Balbriggan to 0.3 mBq/l at both Galway and Killybegs. The maximum activity
concentration recorded in 1998 was 38 mBq/l at Balbriggan in April.  The mean activity concentration
measured in offshore samples from the western Irish Sea north of Dublin was 23 mBq/l. In 1999 the
mean activity concentrations of technetium-99 measured in coastline seawater samples ranged from
22 mBq/l at Balbriggan to 0.3 mBq/l at Passage East (near Dunmore East). The maximum activity
concentration recorded in 1999 was 27 mBq/l at Balbriggan in April. The mean activity concentration
measured in offshore samples from the western Irish Sea north of Dublin was 18 mBq/l. The activity
concentrations of technetium-99 measured in seawater samples from the south and west remain close
to the limit of detection.
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Figure 6. Caesium-137 in Seawater from Locations N1-N6 in the Irish Sea, 1985-1999
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Sediment

Sediment samples were analysed for caesium-137 and other gamma emitting radionuclides.  The
results are presented in Tables 8 and 9 and the mean activity concentrations in coastline sediments for
1998 and 1999 are shown in Figure 7.  In 1998, the mean activity concentrations of caesium-137 in
east coast sediments ranged from 10.3 Bq/kg (dry) at Balbriggan to 0.8 Bq/kg (dry) at Cahore. The
maximum activity concentration recorded was 12.5 Bq/kg (dry) at Balbriggan in April. In 1999 the
mean activity concentrations of caesium-137 in east coast sediments ranged from 9.4 Bq/kg (dry) at
Balbriggan to 0.6 Bq/kg (dry) at Cahore. The maximum activity concentration recorded was 14.4
Bq/kg (dry) at Balbriggan in October.

In 1998 the activity concentrations of caesium-137 in offshore sediment samples from the western
Irish Sea ranged from 131.3 Bq/kg (dry) at location N5 which is between Dundalk Bay and the Isle
of Man to 0.4 Bq/kg (dry) at station S2, south-east of Dublin. In 1999 the activity concentrations of
caesium-137 in offshore samples from the western Irish Sea ranged from 119.1 Bq/kg (dry) at location
N5 to 6.1 Bq/kg (dry) at location N1. The offshore locations south of Dublin were not sampled in
1999. 

The activity concentrations of caesium-137 in sediment from the south and west coasts were all less
than 2 Bq/kg (dry).  These activity concentrations are similar to those measured during 1996 and 1997
[Long et al., 1998].  All other artificial gamma emitting radionuclides were below the detection limit.

The relatively high activity concentrations of caesium-137 measured in sediments from locations
between Dundalk Bay and the Isle of Man (N3 - N6 inclusive) can be attributed to their being from
areas of mud and silt accumulation which tend to concentrate radionuclides to a greater degree as has
been previously observed in the Irish environment [Ryan et al., 1996].

Figure 7. Mean Caesium-137 Activity Concentrations in Coastline Marine Sediments
(Bq/kg, dry), 1998 and 1999
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Seaweed

The mean activity concentrations for caesium-137 and technetium-99 for 1998 and 1999 are presented
in Figures 8 and 9. The detailed results are given in Tables 10 and 11. All results are presented on a
dry weight basis and an estimate of the wet weight activity concentration may be obtained using the
mean dry to wet weight ratio of 0.19 established during 1998 and 1999. 

In 1998, the mean caesium-137 activity concentration in seaweed (Fucus vesiculosus) from the Irish
Sea coastline ranged from 4.7 Bq/kg (dry) at Greenore to 1.2 Bq/kg (dry) at Cahore. The maximum
activity concentration recorded was 5.9 Bq/kg (dry) at both Greenore and Balbriggan in August. In
1999 the mean caesium-137 activity concentrations ranged from 5.5 Bq/kg (dry) at Balbriggan to 0.7
Bq/kg (dry) at Cahore. The maximum activity concentration recorded was 8.0 Bq/kg (dry) at
Balbriggan in June. Caesium-137 activity concentrations in seaweed sampled from Balbriggan, as
with seawater, have remained relatively constant since the mid 1990s (Figure 10). The activity
concentrations in seaweed from the south and west coasts were similar to those measured in 1996 and
1997 [Long et al., 1998]. 
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Figure 8. Mean Caesium-137 Activity Concentrations in Fucus vesiculosus
(Bq/kg, dry), 1998 and 1999
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During 1998 the mean activity concentration of technetium-99 measured in seaweed from the Irish
Sea coastline ranged from 6852 Bq/kg (dry) at Greenore to 942 Bq/kg (dry) at Cahore. The maximum
activity concentration recorded was 9684 Bq/kg (dry) at Greenore in March. In 1999 the mean activity
concentration of technetium-99 in seaweed ranged between 4453 Bq/kg (dry) at Greenore and  606
Bq/kg (dry) at Cahore. The maximum activity concentration recorded was 4950 Bq/kg (dry) at
Greenore in November. Activity concentrations measured in samples collected from south and west
coasts were significantly lower.  Technetium-99 activity concentrations in seaweed from Balbriggan
and Greenore are shown in Figure 11 for the period June 1988 to December 1999.  These data
demonstrate that technetium-99 activity concentrations in seaweed from the north-east coastline
peaked between late 1997 and early 1998.

Iodine-131 is discharged to sewage systems as a result of its use in medicine.  In 1998 the mean
activity concentration for this radionuclide in samples from Bull Island was 43.5 Bq/kg (dry) while
individual measurements ranged from 18 to 86  Bq/kg (dry). In 1999 the activity concentrations of
iodine-131 in seaweed from Bull Island ranged between 5 Bq/kg (dry) and 139 Bq/kg (dry). Variations
of this nature are expected due to the intermittent use of the radionuclide and its dilution following
discharge.  Figure 12 clearly indicates this variability as observed in samples of Fucus vesiculosus
collected from Bull Island between 1993 and 1999.

All other artificial gamma emitting radionuclides were below the detection limits
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Figure 10. Mean Caesium-137 Activity Concentrations in Fucus vesiculosus at Balbriggan, 1982-1999
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Fish and Shellfish

Fish and shellfish samples were analysed for caesium-137 and other gamma emitting radionuclides
and a selected number of individual and bulked samples were analysed for carbon-14, technetium-99,
plutonium-238, plutonium-239,240 and americium-241.  The results of measurements on fish are
presented in Tables 12 to 17 and those for shellfish in Tables 18 to 24. The mean caesium-137 activity
concentrations in fish species for 1998 and 1999 are presented in Figure 13.

The mean caesium-137 activity concentration measured in fish landed at the north-east ports of
Clogherhead and Howth in 1998 and 1999 was 0.8 Bq/kg (wet) for both years.  This is also effectively
unchanged from the 1997 figure of 0.84 Bq/kg (wet). The mean caesium-137 activity concentrations
measured in prawns and mussels from east coast ports in 1998 were 0.8 and 0.6 Bq/kg (wet),
respectively.  In 1999 the mean activity concentration of caesium-137 measured in prawns and
mussels were 0.9 and 0.4 Bq/kg (wet), respectively. Mean caesium-137 activity concentrations in
oysters from Carlingford in 1998 and 1999 were 0.4 and 0.2 Bq/kg (wet) respectively.

All other artificial gamma emitting radionuclides were below detection limits.
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Figure 13. Mean Caesium-137 Activity Concentrations in Fish Species landed at Irish
Ports (Bq/kg, wet), 1998 and 1999
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The mean measured activity concentrations of technetium-99 in fish, prawns and mussels from north-
east ports during 1998 were 0.5, 74 and 37 Bq/kg (wet), respectively.  In 1999 these mean activity
concentrations were 0.3, 82 and 36 Bq/kg (wet). Activity concentrations were observed to be higher
in crustaceans than in molluscs and higher in molluscs than in fish.  This is consistent with the higher
concentration factor reported for this radionuclide for shellfish than for fish [IAEA, 1985].  For
lobster, the species with the highest concentration factor for technetium-99, the mean activity
concentration measured in north-east coast landings was 164 Bq/kg (wet) in 1998 and 51 Bq/kg (wet)
in 1999.  The highest individual observation for lobster in 1998 was 433 Bq/kg (wet) for a sample
taken from Carlingford in March. In 1999 the highest individual observation was 72 Bq/kg (wet) for
a sample also taken from Carlingford but in August of that year. 

In 1998 total carbon-14 activity concentrations in fish ranged between 26.3 Bq/kg (wet) in a
composite sample of plaice from Clogherhead and Howth and 21.9 Bq/kg (wet) in a composite sample
of whiting also from Clogherhead and Howth. Activity concentrations in mussels and oysters from
Carlingford were 18 Bq/kg (wet) and 30.8 Bq/kg (wet), respectively. In 1999 total carbon-14 activity
concentrations in fish ranged between 53.2 Bq/kg (wet) in a composite sample of plaice from
Clogherhead and 22.3 Bq/kg (wet) in a composite sample of whiting from Clogherhead. Activity
concentrations in mussels and oysters from Carlingford were 14 and 21.2 Bq/kg (wet) respectively.
More extensive analyses of samples is required to determine the contribution of the Sellafield
discharges to the total carbon-14 activity concentrations in the marine species of the Irish Sea. 

Plutonium-238 was below the detection limit in the fish species analysed in 1998 and had a mean
measured activity concentration of 0.0002 Bq/kg (wet) in 1999. The mean measured activity
concentration of plutonium-239,240 in fish from north-east Irish ports was 0.0002 Bq/kg (wet) in
1998 and 0.001 Bq/kg (wet) in 1999. Plutonium-238 was below the detection limits in prawns in 1998
and was 0.002 Bq/kg (wet) in 1999, while mean activity concentrations of plutonium-239,240 in
prawns was 0.008 Bq/kg (wet) in 1998 and 0.011 Bq/kg (wet) in 1999. The mean activity
concentrations of plutonium-238 and plutonium-239,240 in mussels in 1998 were 0.035 Bq/kg (wet)
and 0.2 Bq/kg (wet) respectively. In 1999 these were 0.024 Bq/kg (wet) and 0.130 Bq/kg (wet)
respectively. The activity concentrations for  these radionuclides in fish and shellfish are similar to
those reported for the 1997 monitoring period [Long et al., 1998].  In 1998, mean Pu-238 and Pu-
239,240 activity concentrations in oysters from Carlingford were 0.006 and 0.033 Bq/kg (wet)
respectively. In 1999 these were 0.014 Bq/kg (wet) and 0.057 Bq/kg (wet) respectively.
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5. Assessment of Radiation Exposure

The Ingestion Pathway

Committed Effective Dose

The committed effective dose due to the consumption of seafood was estimated for typical and heavy
consumers using the following dose model :

dose = [mean activity concentration] x [annual consumption rate] x [dose conversion factor]

The mean activity concentrations for artificial radionuclides in fish, crustaceans and molluscs from
north-east ports for 1998 and 1999 are presented in Tables 25 and 26.  The consumption rates used
were considered to be a conservative representation of the quantities eaten daily by typical and heavy
consumers of seafood and are 40 g of fish and 5 g of shellfish for a typical consumer and 200 g of fish
and 20 g of shellfish for a heavy consumer.  Shellfish consumption was assumed to be divided equally
between crustaceans and molluscs and activity concentrations in prawns and mussels were considered
to be representative of crustaceans and molluscs, respectively.  Dose conversion factors used were
those recommended by ICRP 72 [ICRP, 1996(a)] and these are presented in Table 27.

The committed effective doses by radionuclide for typical and heavy consumers of seafood landed at
north-east ports for 1998 and 1999 are given in Table 28.  The total doses for 1998 were estimated to
be 0.32 and 1.42 microsieverts (µSv) to typical and heavy consumers, respectively. Similarly in 1999
these doses were 0.30 and 1.33 µSv also to typical and heavy consumers, respectively. These doses
include contributions from technetium-99, caesium-137, plutonium-238,239,240 and americium-241.
For example, the doses due to the ingestion of caesium-137 to the typical and heavy consumers in
1998 were 0.17 and 0.83 µSv, respectively and in 1999 were 0.17 and 0.82 µSv, respectively. 

These doses may be compared with those attributable to the presence in seafood of the naturally
occurring radionuclide, polonium-210.  The latter doses were estimated to be 32 and 148 µSv for
typical and heavy consumers, respectively [Pollard et al., 1998].  The doses from artificial
radionuclides may also be compared with the annual dose limit for members of the public from
practices involving controllable sources of radiation which is 1000 µSv [EU, 1996].  Thus, during
1998 and 1999, typical and heavy consumers would have received about 0.03% and 0.15% of this
limit, respectively, in each year.

Another comparison can be made with the annual average dose of approximately 3000 µSv from all
sources of radiation received by members of the Irish public.  Of this, approximately 90% is due to
naturally occurring radiation and the remainder is mainly due to medical uses of radiation.  It can be
seen, therefore, that the doses arising from the consumption of fish and shellfish, even by heavy
consumers, are a very small fraction of those received from other sources.

Caesium-137 continues to be the dominant radionuclide, accounting for approximately 60% of the
total dose due to artificial radionuclides in the marine environment.  Although there are significantly
higher activity concentrations of technetium-99 than of caesium-137 in shellfish, technetium-99
accounts for less than 25% of the dose.  This is mainly because the dose received per becquerel of
technetium-99 ingested is approximately 20 times less than that received per becquerel of caesium-
137 ingested.  

Of the dose attributable to caesium-137, approximately 90% is due to the consumption of fish. This
is in contrast to the dose due to technetium-99, where over 90% of the dose is attributable to shellfish
reflecting the significantly higher activity concentrations of this radionuclide in crustaceans and
molluscs than in fish (Tables 25 and 26).  The estimated committed effective dose to heavy consumers
due to radiocaesium is shown in Figure 14 for the period 1982 to 1999 [Reports in the RPII Marine
Series].  A downward trend is evident during the mid to late 1980s but in recent years the decrease in
dose has been less pronounced and has remained essentially unchanged since 1997.
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Technetium-99 activity concentrations in seaweed from the Irish Sea coastline are substantially higher
than in fish and shellfish.  However, commercial harvesting of seaweed takes place mainly on the
western and southern coasts of Ireland at present where no significant increase in technetium-99
activity concentrations has been observed.

Collective Effective Dose

The collective effective dose was calculated for the consumption of fish, crustaceans and molluscs
landed at the north-east Irish Sea ports of Clogherhead, Skerries and Howth.  The landing tonnages
for fish, crustaceans and molluscs for 1998 were provided by the Department of the Marine and
Natural Resources [Personal Communication] and are presented in Table 29. The landing data were
combined with the mean activity concentration for each radionuclide measured (Tables 25 and 26).
The fractions of the landing weight consumed for fish, crustaceans and molluscs were taken to be 0.5,
0.35 and 0.15 respectively [Pentreath et al., 1989].  It was assumed that 20% of landings were
consumed in Ireland and that the remainder was exported. 

The total collective doses to the Irish population, due to caesium-137, technetium-99, plutonium-
238,239,240 and americium-241, for 1998 arising from fish and shellfish landed at north-east ports
was 0.012 manSv (Table 30). This dose may be compared to the collective dose to the Irish population
from all sources of radiation of approximately 10,000 manSv per annum.

External Exposure

The effective dose from beach occupancy was estimated from the caesium-137 activity concentration
in intertidal sediments using the sandy beach model described by Hunt [1984].  It was calculated for
an individual spending one hour per day in the intertidal zone and is based on the mean caesium-137
activity concentrations in sediments for the two sampling locations in the north-east, Balbriggan and
Greenore.  The dose was estimated to be approximately 0.3 µSv for both 1998 and 1999.  These doses
are similar in value to the annual committed dose to the typical seafood consumer from artificial
radionuclides.  However, in the absence of detailed habit surveys, it is assumed that the actual number
of people who spend 365 hours per year in the intertidal zone is considerably smaller then the number
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Figure 14. Doses to Heavy Seafood Consumers due to Radiocaesium, 1982-1999
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of typical seafood consumers.  The ingestion pathway is therefore still considered to be the dominant
one affecting the Irish public.  Other external exposure pathways such as swimming in the sea or
boating are considered to be of lesser significance.

The dose rate due to all radiation sources was also measured directly at locations along the coastline
in 1998 and 1999 using an energy compensated Geiger Muller dectector.  These data are presented in
Table 31.  The mean dose rates measured at east coast locations during 1998 and 1999 were 0.064 and
0.07 µGy per hour respectively.  This is equivalent to an exposure of 0.054 µSv per hour in 1998 and
0.06 µSv per hour in 1999 using a mean conversion factor of 0.85 µSv per µGy for gamma rays in the
energy range 0.05 to 2 MeV [ICRP, 1996(b)].  This exposure is due predominantly to cosmic radiation
and the presence of naturally occurring radionuclides in beach sediments and the earth’s crust.  An
individual spending one hour per day on the beach would, therefore, receive a total dose of 20 and 22
µSv from all radiation sources in 1998 and 1999 of which 0.3 µSv may be attributed to caesium-137
contamination from Sellafield.

Risk Estimates

Evaluation of the risks associated with radiation exposure is based on the assumption that there is a
linear relationship between radiation dose and the risk of a fatal cancer.  The probability of a fatal
cancer occurring in an exposed population is estimated to be 5 x 10-2 per sievert, i.e. a chance of 1 in
20 of developing a fatal cancer after exposure to a radiation dose of 1 Sv [ICRP, 1991].  The radiation
induced risk for 1998 and 1999 is, therefore, about one in 60 million to a typical Irish seafood
consumer and about one in 13 million to a heavy consumer.  These compare with a general risk of
death  from cancer of 1 in 479 in any year [Central Statistics Office, 1996]. 

6. Research

Marine Invertebrates

It is well established that transuranic radionuclides such as plutonium and americium entering the
marine environment are rapidly transported to the sediment. In turn, sediment dwelling animals may
absorb these radionuclides from direct contact with sediment, from ingestion of food, from seawater
and from interstitial water. Marine invertebrates influence the fate of artificial radionuclides by
affecting the rate at which they are removed from the water column to the sediment and they can also
be involved in the transport of radionuclides to older sediment layers through their burrowing, feeding
and excretion activities. The invertebrates can also play a role in the resuspension of radionuclides
from sediment into the water column.  The Institute participated in an international research
programme partially funded by the European Commission between 1996 and 1999 known as the
ARMARA project. The Institute’s contribution to the project was primarily an examination of the
uptake of plutonium by sediment dwelling marine invertebrates in different contaminated zones [Ryan
et al., 1999(a)]. As well as generating a useful data base on the uptake of plutonium by marine
invertebrates the project provided information on differences in uptake rates in different contaminated
zones.

17



Technetium-99 Concentration Factors in Fish and Shellfish

As part of an ongoing research programme, the Institute undertook a comprehensive study of
concentration factors for technetium-99 in fish, shellfish and seaweed sampled from Irish coastal
locations. In general the concentration factors for fish and shellfish were higher than those in the
literature which were derived from laboratory studies, but agreed well with values which were based
on field studies. The data confirmed that crustaceans concentrate technetium-99 to a higher degree
than molluscs which in turn concentrate technetium-99 to a higher degree than fish. Of all the seafood
studied lobster was the species with the highest technetium-99 concentration factor [Smith et al.,
1997; Smith et al., accepted for publication].

7. Conclusions

The consumption of fish and shellfish from the Irish Sea is the dominant pathway through which
radioactive contamination of the marine environment results in radiation exposure of the Irish
population.  In 1998 and 1999 the committed radiation doses to a heavy consumer of seafood from
the Irish Sea were 1.42 and 1.33 µSv, respectively,  due to the ingestion of  caesium-137,  technetium-
99, plutonium-238,239,240 and americium-241. These doses compare with doses of 1.6 and 1.4 µSv
in 1996 and 1997, respectively. Caesium-137 remains the dominant radionuclide accounting for
approximately 60% of these doses.

These doses can  be compared with the annual dose of about 148 µSv received by the same consumer
due to the presence of the naturally-occurring radionuclide polonium-210 in seafood, and with the
average annual dose to a person in Ireland from all sources of radioactivity of about 3000 µSv.

The increased discharges of technetium-99 from Sellafield since 1994 have resulted in corresponding
increases in the contribution of this radionuclide to the doses to seafood consumers during the period
1994 to 1999.  However, because of the relatively low radiotoxicity of technetium-99 it contributes
less than 25% of the dose arising from the ingestion of fish and shellfish.  For the first year since 1994,
a decrease in annual mean activity concentrations of this radionuclide was observed in north-east
coastline samples indicating that levels of this radionuclide in the western Irish Sea may have peaked
between late 1997 and early 1998.

The remobilisation from sediments of historic discharges is now an important source of artificial
radionuclides in the seawater of the western Irish Sea.

Although radiation doses to Irish people resulting from Sellafield discharges are now very low and do
not pose a significant health risk to the public, any contamination of the marine environment, in
particular due to an installation from which Ireland derives no benefit, remains highly objectionable
from an Irish viewpoint.  However, it is emphasised that the levels of radioactive contamination which
prevail at present do not warrant any modification of the habits of people in Ireland, either in respect
of consumption of seafood or any other use of the amenities of the marine environment.
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5\DQ�� 7�3��� 'RZGDOO�� $�0��� /RQJ�� 6��� 6PLWK�� 9��� 3ROODUG�� '�� DQG� &XQQLQJKDP�� -�'��� ����� �E��3OXWRQLXP� DQG� $PHULFLXP� LQ� )LVK�� 6KHOOILVK� DQG� 6HDZHHG� LQ� WKH� ,ULVK� (QYLURQPHQW� DQG� WKHLU&RQWULEXWLRQ� WR�'RVH��-RXUQDO�RI�(QYLURQPHQWDO�5DGLRDFWLYLW\� ������ ���������� �(OVHYLHU�6FLHQFH/LPLWHG�
6PLWK��9���5\DQ��5�:���3ROODUG��'���0LWFKHOO��3�,��DQG�5\DQ��7�3���������7HPSRUDO�DQG�JHRJUDSKLFDOGLVWULEXWLRQV� RI� 7F���� LQ� LQVKRUH� ZDWHUV� DURXQG� ,UHODQG� IROORZLQJ� LQFUHDVHG� GLVFKDUJHV� IURP6HOODILHOG��5DGLRSURWHFWLRQ�&ROORTXHV� ����&����������
6PLWK��9���)HJDQ��0���3ROODUG��'���/RQJ��6���+D\GHQ��(��DQG�5\DQ��7�3�� �DFFHSWHG� IRU�3XEOLFDWLRQ��7HFKQHWLXP����LQ�WKH�,ULVK�0DULQH�(QYLURQPHQW��-RXUQDO�RI�(QYLURQPHQWDO�5DGLRDFWLYLW\�
:DONHU��0�,��DQG�5RVH��.�6�%����������7KH�UDGLRDFWLYLW\�RI�WKH�VHD���1XFOHDU�(QHUJ\�����������������



��

5HSRUWV�LQ�WKH�53,,�0DULQH�6HULHV

&XQQLQJKDP�� -�'�� DQG� 2
*UDG\�� -��� ������ � 5DGLRDFWLYLW\� PRQLWRULQJ� RI� WKH� ,ULVK� PDULQHHQYLURQPHQW�GXULQJ���������� 'XEOLQ��1XFOHDU�(QHUJ\�%RDUG�
&XQQLQJKDP�� -�'��� 2
*UDG\�� -��� 5XVK�� 7��� ������ �5DGLRDFWLYLW\� PRQLWRULQJ� RI� WKH� ,ULVK� PDULQHHQYLURQPHQW������������� 'XEOLQ��1XFOHDU�(QHUJ\�%RDUG�
2¶*UDG\�� -�� DQG�&XUULYDQ�� /��� ������5DGLRDFWLYLW\�PRQLWRULQJ� RI� WKH� ,ULVK�PDULQH� HQYLURQPHQW����� 'XEOLQ��1XFOHDU�(QHUJ\�%RDUG�
2
*UDG\�� -��� &XUULYDQ�� /���0F(QUL��&��� 2
&ROPDLQ��0��� &ROJDQ�� 3�$�� DQG�&XQQLQJKDP�� -�'��� �����5DGLRDFWLYLW\�PRQLWRULQJ� RI� WKH� ,ULVK�PDULQH� HQYLURQPHQW�� ���������� 'XEOLQ��1XFOHDU� (QHUJ\%RDUG�
0LWFKHOO��3�,���9LYHV�L�%DWOOH��-���5\DQ��7�3���0F(QUL��&���/RQJ��6���2
&ROPDLQ��0���&XQQLQJKDP��-�'��&DXOILHOG��-�-���/DUPRXU��5�$��DQG�/HGJHUZRRG��)�.���������$UWLILFLDO�UDGLRDFWLYLW\�LQ�&DUOLQJIRUG/RXJK��'XEOLQ��5DGLRORJLFDO�3URWHFWLRQ�,QVWLWXWH�RI�,UHODQG�
0F*DUU\�� $��� /\RQV�� 6��� 0F(QUL�� &��� 5\DQ�� 7��� 2
&ROPiLQ�� 0�� DQG� &XQQLQJKDP�� -�'��� �����5DGLRDFWLYLW\�PRQLWRULQJ�RI�WKH�,ULVK�PDULQH�HQYLURQPHQW������DQG������� 'XEOLQ��5DGLRORJLFDO3URWHFWLRQ�,QVWLWXWH�RI�,UHODQG�
&XQQLQJKDP�� -�'���5\DQ��7�3���/\RQV�� 6��� 6PLWK��9���0F*DUU\��$���0LWFKHOO�� 3�,���/HyQ�9LQWUy��/��/DUPRXU�� 5�$�� DQG� /HGJHUZRRG�� )�.��� ������$UWLILFLDO� UDGLRDFWLYLW\� LQ� /RXJK� )R\OH� 53,,������'XEOLQ��5DGLRORJLFDO�3URWHFWLRQ�,QVWLWXWH�RI�,UHODQG�
3ROODUG��'���/RQJ��6���+D\GHQ��(���6PLWK��9���5\DQ��7�3���'RZGDOO��$���0F*DUU\��$��DQG�&XQQLQJKDP�-�'��������� �5DGLRDFWLYLW\�PRQLWRULQJ� RI� WKH� ,ULVK�PDULQH�HQYLURQPHQW�� ����������� 53,,� �����'XEOLQ��5DGLRORJLFDO�3URWHFWLRQ�,QVWLWXWH�RI�,UHODQG�
/RQJ��6���3ROODUG��'���+D\GHQ��(���6PLWK��9���)HJDQ��0���5\DQ��7�3���'RZGDOO��$��DQG�&XQQLQJKDP�-�'����������5DGLRDFWLYLW\�PRQLWRULQJ�RI�WKH�,ULVK�PDULQH�HQYLURQPHQW������DQG�������53,,������'XEOLQ��5DGLRORJLFDO�3URWHFWLRQ�,QVWLWXWH�RI�,UHODQG�



��

����*ORVVDU\�RI�7HUPV

$EVRUEHG�'RVH
4XDQWLW\� RI� HQHUJ\� LPSDUWHG� E\� WKH� LRQLVLQJ� UDGLDWLRQ� WR� XQLW�PDVV� RI�PDWWHU� VXFK� DV� WLVVXH�� � ,W� LVPHDVXUHG�LQ�JUD\V��*\����2QH�*\�SURGXFHV�GLIIHUHQW�ELRORJLFDO�HIIHFWV�RQ�WLVVXH�GHSHQGLQJ�RQ�WKH�W\SHRI UDGLDWLRQ�L�H��DOSKD��EHWD�RU�JDPPD�
$FWLYLW\
$FWLYLW\�GHVFULEHV�WKH�UDWH�DW�ZKLFK�QXFOHDU�GLVLQWHJUDWLRQ�RFFXUV���7KH�XQLW�RI�DFWLYLW\�LV�WKH�EHFTXHUHO�%T����2QH�%T�LV�HTXLYDOHQW�WR�RQH�GLVLQWHJUDWLRQ�SHU�VHFRQG�
&ROOHFWLYH�(IIHFWLYH�'RVH
7RWDO�GRVH�RYHU�D�SRSXODWLRQ�JURXS�H[SRVHG�WR�D�JLYHQ�VRXUFH���,W�LV�UHSUHVHQWHG�E\�WKH�SURGXFW�RI�WKHDYHUDJH�HIIHFWLYH�GRVH�HTXLYDOHQW�WR�WKH�LQGLYLGXDOV�LQ�WKH�JURXS�E\�WKH�QXPEHU�RI�SHUVRQV�FRPSULVLQJWKH�JURXS���,W�LV�PHDVXUHG�LQ�PDQ�VLHYHUWV��PDQ6Y��
&RPPLWWHG�(IIHFWLYH�'RVH
7RWDO� GRVH� JUDGXDOO\� GHOLYHUHG� WR� DQ� LQGLYLGXDO� RYHU� D� JLYHQ� SHULRG� RI� WLPH� E\� WKH� GHFD\� RI� DUDGLRQXFOLGH�IROORZLQJ�LWV�LQWDNH�LQWR�WKH�ERG\���7KH�LQWHJUDWLRQ�WLPH�LV�XVXDOO\�WDNHQ�DV����\HDUV�IRUDGXOWV�DQG����\HDUV�IRU�FKLOGUHQ�
(IIHFWLYH�'RVH
:HLJKWHG� VXP�RI� WKH�HTXLYDOHQW�GRVHV� WR� WKH�YDULRXV�RUJDQV� DQG� WLVVXHV�� �7KH�ZHLJKWLQJ� IDFWRU� IRUHDFK�RUJDQ�RU�WLVVXH�WDNHV�DFFRXQW�RI�WKH�IUDFWLRQDO�FRQWULEXWLRQ�RI�WKH�ULVN�RI�GHDWK�RU�VHULRXV�JHQHWLFGHIHFW�IURP�LUUDGLDWLRQ�RI�WKDW�RUJDQ�RU�WLVVXH�WR�WKH�WRWDO�ULVN�IURP�XQLIRUP�LUUDGLDWLRQ�RI�WKH�ZKROHERG\���7KH�XQLW�RI�HIIHFWLYH�GRVH�LV�WKH�VLHYHUW��6Y��
(TXLYDOHQW�'RVH
7KH� TXDQWLW\� REWDLQHG� E\� PXOWLSO\LQJ� WKH� DEVRUEHG� GRVH� E\� D� IDFWRU� UHSUHVHQWLQJ� WKH� GLIIHUHQWHIIHFWLYHQHVV�RI�WKH�YDULRXV�W\SHV�RI�UDGLDWLRQ�LQ�FDXVLQJ�KDUP�WR�WLVVXHV�� �,W� LV�PHDVXUHG�LQ�VLHYHUWV�6Y����2QH�6Y�SURGXFHV�WKH�VDPH�ELRORJLFDO�HIIHFW�LUUHVSHFWLYH�RI�WKH�W\SH�RI�WKH�UDGLDWLRQ�
+DOI�OLIH
7KH�WLPH�WDNHQ�IRU�WKH�DFWLYLW\�RI�D�UDGLRQXFOLGH�WR�ORVH�KDOI�LWV�YDOXH�E\�GHFD\�
5DGLRQXFOLGH
$Q�XQVWDEOH�QXFOLGH�WKDW�HPLWV�LRQLVLQJ�UDGLDWLRQ���7KH�HPLVVLRQV�PD\�EH�HLWKHU�DOSKD��EHWD�RU�JDPPDUDGLDWLRQ�
�5DGLRWR[LFLW\
$ PHDVXUH�RI�WKH�GRVH�SHU�EHFTXHUHO�UHVXOWLQJ�IURP�WKH�LQJHVWLRQ�RI�D�SDUWLFXODU�UDGLRQXFOLGH�



��

����5DGLDWLRQ�4XDQWLWLHV�DQG�8QLWV

$FWLYLW\�DQG�'RVH�8QLWV
4XDQWLW\ 8QLW�DQG�6\PERO
$FWLYLW\ %HFTXHUHO��%T�
$FWLYLW\�&RQFHQWUDWLRQ %HFTXHUHO�SHU�XQLW�PDVV�RUYROXPH��%T�NJ�RU�%T�O�
$EVRUEHG�'RVH *UD\��*\�
(IIHFWLYH�'RVH
&RPPLWWHG�(IIHFWLYH�'RVH
(TXLYDOHQW�'RVH

6LHYHUW��6Y�

&ROOHFWLYH�(IIHFWLYH�'RVH 0DQ�VLHYHUW��PDQ6Y�

&RPPRQO\�8VHG�$FWLYLW\�DQG�'RVH�8QLW�0XOWLSOHV�DQG�6XE�PXOWLSOHV
$FWLYLW\ 'RVH

� PLOOLEHFTXHUHO����P%T�  ��[������%T � PLFURVLHYHUW�����6Y�  ��[������6Y
� NLOREHFTXHUHO����N%T�  ��[���� %T � PLOOLVLHYHUW����P6Y�  ��[������6Y
� PHJDEHFTXHUHO����0%T�  ��[���� %T ��QDQRJUD\����Q*\��  ��[������*\
� WHUDEHFTXHUHO����7%T�  ��[������%T ��PLFURJUD\����m*\��  ��[�����*\



��

5DGLRQXFOLGH�6\PEROV��3ULQFLSDO�(PLVVLRQV�DQG�+DOI�OLYHV���
5DGLRQXFOLGH 6\PERO 3ULQFLSDO

(PLVVLRQ���
+DOI�OLIH

7ULWLXP +�� b ������\HDUV
&DUERQ��� &��� b �����\HDUV
3RWDVVLXP��� .��� b �����[���� \HDUV
&REDOW��� &R��� b �����\HDUV
6WURQWLXP��� 6U��� b ������\HDUV
1LRELXP��� 1E��� b ������GD\V
=LUFRQLXP��� =U��� b ������GD\V
7HFKQHWLXP��� 7F��� b �������\HDUV
5XWKHQLXP���� 5X���� b ������GD\V
,RGLQH���� ,���� b �����GD\V
&DHVLXP���� &V���� b �����\HDUV
&DHVLXP���� &V���� b ���\HDUV
&HULXP���� &H���� b ������GD\V
3RORQLXP���� 3R���� a �������GD\V
3OXWRQLXP���� 3X���� a ������\HDUV
3OXWRQLXP���� 3X���� a �������\HDUV
3OXWRQLXP���� 3X���� a �����\HDUV
3OXWRQLXP���� 3X���� b �����\HDUV
$PHULFLXP���� $P���� a ������\HDUV

1RWHV��������6RXUFH��,&53������
� ����a �DOSKD�SDUWLFOH���b �EHWD�SDUWLFOH���g �JDPPD�UD\��±�JDPPD�UD\V�YHU\�RIWHQ�DFFRPSDQ\�WKH� SULQFLSDO�HPLVVLRQ�RI�DQ�DOSKD�RU�EHWD�SDUWLFOH



��

����7DEOHV
7DEOH��'LVFKDUJHV�RI�5DGLRQXFOLGHV�IURP�6HOODILHOG�WR�WKH�,ULVK�6HD���� �����DQG�����

'LVFKDUJH�7%T5DGLRQXFOLGH�&DWHJRU\ /LPLW���
7%T ������� �������

7RWDO�$OSKD ��� ��� ����
7RWDO�%HWD ��� ��� ����
7ULWLXP ������ ����� �����
&DUERQ��� ���� ��� ����
&REDOW��� �� ��� ����
6WURQWLXP��� �� ���� ����
=LUFRQLXP������1LRELXP��� � ���� ����
7HFKQHWLXP��� ��� �� ����
5XWKHQLXP���� �� ��� ����
,RGLQH���� ��� ��� ����
&DHVLXP���� ��� ��� ����
&DHVLXP���� �� ��� ����
&HULXP���� � ���� ����
$PHULFLXP���� ��� ���� �����
3OXWRQLXP��DOSKD� ��� ���� ����
3OXWRQLXP���� �� ��� ����
8UDQLXP��NJ� ���� ��� ���

1RWHV��������)URP�VHD�SLSHOLQH�����/LPLWV�DV�VHW�E\�8.�DXWKRULWLHV�IRU����������6RXUFH��0$))�DQG�6(3$�������������0$))�DQG�6(3$������

7DEOH��1DWXUDOO\�2FFXUULQJ�5DGLRQXFOLGHV�LQ�6HDZDWHU���
5DGLRQXFOLGH $FWLYLW\�&RQFHQWUDWLRQ��P%T�O
7ULWLXP ���
&DUERQ��� ���
3RWDVVLXP��� �����[����

/HDG���� ���
3RORQLXP���� ���
%LVPXWK���� ���
5DGRQ���� ���
8UDQLXP���� ����
8UDQLXP���� ����
5DGLXP���� ���

1RWH�������6RXUFH��:DONHU�DQG�5RVH������



��

7DEOH��2IIVKRUH�6DPSOLQJ�/RFDWLRQV�LQ�WKH�,ULVK�6HD�������DQG�����
6DPSOLQJ�/RFDWLRQ /DWLWXGH /RQJLWXGH

1� �����1 ����:
1� �����1 ����:
1� �����1 ����:
1� �����1 ����:
1� �����1 ����:
1� �����1 ����:
6� �����1 ����:
6� �����1 ����:
6� �����1 ����:
6� �����1 ����:
6� �����1 ����:

7DEOH��6DPSOLQJ�3URJUDPPH�������DQG�����
6DPSOLQJ�/RFDWLRQ 6DPSOH�7\SHV
&DUOLQJIRUG 6KHOOILVK
*UHHQRUH 6HDZDWHU��6HGLPHQW��6HDZHHG
&ORJKHUKHDG )LVK��6KHOOILVK
%DOEULJJDQ 6HDZDWHU��6HGLPHQW��6HDZHHG
/RXJK�6KLQQ\ /REVWHU
+RZWK )LVK��6KHOOILVK
%XOO�,VODQG 6HDZDWHU��6HGLPHQW��6HDZHHG
&DKRUH 6HDZDWHU��6HGLPHQW��6HDZHHG
3DVVDJH�(DVW 6HDZDWHU��6HDZHHG
'XQPRUH�(DVW )LVK��6KHOOILVK��6HDZDWHU��6HGLPHQW��6HDZHHG
%DQWU\ 6KHOOILVK
&DVWOHWRZQEHUH )LVK��6KHOOILVK��6HDZDWHU��6HGLPHQW��6HDZHHG
*DOZD\ )LVK��6KHOOILVK��6HDZDWHU��6HGLPHQW��6HDZHHG
.LOO\EHJV�0RXQWFKDUOHV )LVK��6HDZDWHU��6HGLPHQW��6HDZHHG
/RXJK�)R\OH 6KHOOILVK
:HVWHUQ�,ULVK�6HD 6HDZDWHU��6HGLPHQW



��

7DEOH��$QDO\WLFDO�7HFKQLTXHV�XVHG�LQ�WKH�'HWHUPLQDWLRQ�RI�5DGLRQXFOLGHV
5DGLRQXFOLGHV
PHDVXUHG

6DPSOH�W\SHV $QDO\WLFDO�WHFKQLTXHV

.�����,������&V����DQG�RWKHU�JDPPDHPLWWLQJUDGLRQXFOLGHV

)LVK��VKHOOILVK�VHDZHHG�DQGVHGLPHQW
+LJK�UHVROXWLRQ�JDPPD�VSHFWURPHWU\�XVLQJ�KLJKSXULW\�JHUPDQLXP�GHWHFWRUV

&��� )LVK��VKHOOILVK +LJK�WHPSHUDWXUH�FDWDO\WLF�FRPEXVWLRQ�WRFDUERQ�GLR[LGH�IROORZHG�E\�OLTXLG�VFLQWLOODWLRQFRXQWLQJ
&V���� 6HDZDWHU 5DGLRFKHPLFDO�VHSDUDWLRQ�WHFKQLTXHV�LQDFFRUGDQFH�ZLWK�WKH�PHWKRG�GHVFULEHG�E\�%DNHU>����@�IROORZHG�E\�KLJK�UHVROXWLRQ�JDPPDVSHFWURPHWU\
7F��� )LVK��VKHOOILVK�VHDZHHG�DQGVHDZDWHU

5DGLRFKHPLFDO�VHSDUDWLRQ�WHFKQLTXHV�LQDFFRUGDQFH�ZLWK�WKH�PHWKRG�GHVFULEHG�E\+DUYH\�HW�DO��>����@�IROORZHG�E\�EHWDVSHFWURPHWU\�XVLQJ�D�JDV�IORZ�SURSRUWLRQDOFRXQWHU
3X������3X���������$P���� )LVK�DQGVKHOOILVK 5DGLRFKHPLFDO�VHSDUDWLRQ�WHFKQLTXHV�IROORZHGE\ DOSKD�VSHFWURPHWU\�XVLQJ�VLOLFRQ�VXUIDFHEDUULHU�GHWHFWRUV



��

7DEOH��5DGLRDFWLYLW\�LQ�&RDVWOLQH�6HDZDWHU�������DQG�����
���� ����
$FWLYLW\�&RQFHQWUDWLRQ�P%T�O6DPSOLQJ/RFDWLRQ� 0RQWK

7F��� &V���� 7F��� &V����
*UHHQRUH )HE � �� � ��

0D\ � �� � ��
� $XJ � �� � �

6HSW � � � ��
� 1RY � �� � �
%DOEULJJDQ -DQ � �� � �

)HE � � �� ��
� 0DU � � �
� $SU �� � �� �
� 0D\ � �� � ��
� -XQ �� � �� �
� $XJ �� � � ��
� 6HS � �� �� �
� 2FW �� � �� �
� 1RY � �� � �
� 'HF �� � � �
%XOO�,VODQG 0DU � � � �

$SU � � � ��
� 0D\ � �� � �

-XO � � � ��
� $XJ � �� � �
� 2FW � �� � �
&DKRUH 0D\ � � � ���

-XQ � �� � �
� 'HF � �� � �
'XQPRUH�(DVW 6HS ��� � � �
3DVVDJH�(DVW 2FW � � ��� �
&DVWOHWRZQEHUH 6HS � � ��� �
*DOZD\ 6HS ��� � QG �
.LOO\EHJV 6HS ��� � QG �
1RWH� QG� �QRW�GHWHFWHG



��

7DEOH��5DGLRDFWLYLW\�LQ�2IIVKRUH�6HDZDWHU�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�P%T�O6DPSOLQJ/RFDWLRQ� 0RQWK
7F��� &V���� 7F��� &V����

,ULVK�6HD���1� -XO �� �� � �
$XJ � � ���� ��

,ULVK�6HD���1� -XO � �� � �
$XJ � � � ��

,ULVK�6HD���1� -XO �� �� � �
$XJ � � ���� ��

,ULVK�6HD���1� -XO �� �� � �
$XJ � � ���� ��

,ULVK�6HD���1� -XO � �� � �
$XJ � � ���� ��

,ULVK�6HD���1� -XO �� �� � �
$XJ � � � ��

,ULVK�6HD���6� -XO � �� � �
,ULVK�6HD���6� -XO � � � �
,ULVK�6HD���6� -XO � �� � �
,ULVK�6HD���6� -XO � �� � �
,ULVK�6HD���6� -XO � �� � �



��

7DEOH��5DGLRDFWLYLW\�LQ�&RDVWOLQH�0DULQH�6HGLPHQWV�������DQG�����
���� ����6DPSOLQJ

/RFDWLRQ 0RQWK &V�����$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��GU\�ZHLJKW
*UHHQRUH )HE ��� ���

0D\ ��� ���
� $XJ ��� �

6HSW � ���
� 1RY ��� ���
%DOEULJJDQ 0DU ��� ���

$SU ���� �
0D\ � ���

� $XJ ��� ���
� 2FW ��� ����
%XOO�,VODQG )HE ��� �

$SU ��� ���
-XO � ���

� 6HS ��� �
� 1RY ��� �
&DKRUH 0D\ � ���

-XQ ��� �
� 'HF ��� ���
'XQPRUH�(DVW 6HS ��� �

2FW � ���
&DVWOHWRZQEHUH 6HS ��� �

2FW � ���
*DOZD\ 6HS ��� �

2FW � ���
.LOO\EHJV 6HS ��� �

2FW � ���



��

7DEOH��5DGLRDFWLYLW\�LQ�2IIVKRUH�0DULQH�6HGLPHQWV�������DQG�����
���� ����6DPSOLQJ/RFDWLRQ 0RQWK &V�����$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��GU\�ZHLJKW

,ULVK�6HD���1� -XO ��� �
$XJ � ���

,ULVK�6HD���1� -XO ���� �
$XJ � ����

,ULVK�6HD���1� -XO ���� �
$XJ � ����

,ULVK�6HD���1� -XO ���� �
$XJ � ����

,ULVK�6HD���1� -XO ����� �
$XJ � �����

,ULVK�6HD���1� -XO ���� �
$XJ � ����

,ULVK�6HD���6� -XO ��� �
,ULVK�6HD���6� -XO ��� �
,ULVK�6HD���6� -XO QG �
,ULVK�6HD���6� -XO ��� �

1RWH� QG� �QRW�GHWHFWHG



��

7DEOH���5DGLRDFWLYLW\�LQ�)XFXV�YHVLFXORVXV� ����
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��GU\�ZHLJKW6DPSOLQJ/RFDWLRQ� 0RQWK 7F��� ,������� &V����

*UHHQRUH )HE ���� � ���
0DU ���� � ���

� 0D\ ���� � ���
� $XJ ���� � ���
� 1RY ���� � ���
%DOEULJJDQ -DQ ���� � ���

)HE ���� � ���
� 0DU ���� � ���
� $SU ���� � ���
� 0D\ � � ���
� -XQ ���� � ���
� -XO � � ���
� $XJ ���� � ���
� 6HS � � ���
� 2FW ���� � ���
� 1RY � � ���
� 'HF ���� � ���
%XOO�,VODQG )HE ���� �� ���

0DU ���� � ���
� $SU � �� ���
� 0D\ � � ���
� 6HS � �� ���
� 1RY � �� ���
&DKRUH -XQ ��� � ���
'XQPRUH�(DVW 6HS �� � ���
&DVWOHWRZQEHUH 6HS �� � ���
*DOZD\ 6HS �� � QG
.LOO\EHJV 6HS � � ���

1RWHV��� �������$QDO\VLV�SHUIRUPHG�RQ�D�ZHW�VDPSOH��EXW�UHVXOWV�TXRWHG�RQ�D�GU\�ZHLJKW�EDVLV�IRU� HDVH�RI�FRPSDULVRQQG� �QRW�GHWHFWHG



��

7DEOH���5DGLRDFWLYLW\�LQ�)XFXV�YHVLFXORVXV� ����
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��GU\�ZHLJKW6DPSOLQJ/RFDWLRQ� 0RQWK 7F��� ,������� &V����

*UHHQRUH )HE ���� � ���
0D\ ���� � ���

� 6HS ���� � ���
1RY ���� � ���

%DOEULJJDQ -DQ � � ���
)HE ���� � ���

� 0DU � � ���
� 0D\ � � ���
� -XQ ���� � ���
� -XO � � ���
� $XJ ���� � ���
� 6HS ���� � ���
� 2FW ���� � ���
� 1RY � � ���
� 'HF ���� � ���
%XOO�,VODQG )HE � QG ���

$SU ���� � ���
� -XO � ��� ���
� 2FW � �� ���
&DKRUH 0D\ � � ���

'HF ��� � ���
'XQPRUH�(DVW 2FW � � ���
3DVVDJH�(DVW 2FW �� � ���
&DVWOHWRZQEHUH 2FW �� � ���
*DOZD\ 2FW �� � ���
.LOO\EHJV 2FW � � ���

1RWHV��� �������$QDO\VLV�SHUIRUPHG�RQ�D�ZHW�VDPSOH��EXW�UHVXOWV�TXRWHG�RQ�D�GU\�ZHLJKW�EDVLV� IRU�HDVH�RI�FRPSDULVRQQG� �QRW�GHWHFWHG



��

7DEOH����D�5DGLRDFWLYLW\�LQ�:KLWLQJ�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK
7F��� &V���� 7F��� &V����

&ORJKHUKHDG )HE � ��� � ���
0D\ ��� ��� ��� ���
$XJ � ��� � �
6HSW � � � ���
1RY ��� ��� ��� ���

+RZWK -DQ � ��� � ���
)HE � ��� QG ���
0DU ��� ��� � ���
$SU � ��� � ���
0D\ � ��� � ���
-XQ � ��� � ���
-XO � ��� � ���
$XJ � ��� QG ���
6HS ��� ��� � ���
2FW � ��� � �
1RY � ��� � ���
'HF � ��� � ���

'XQPRUH�(DVW 0DU � ��� � ���
6HS � ��� � �
2FW � � � ���

&DVWOHWRZQEHUH 6HS � ��� �
2FW � � � ���

*DOZD\ -XQ � ��� � ���
6HS � ��� � �
2FW � � � ���

.LOO\EHJV 0DU � ��� � ���
6HS � ��� � �
2FW � � � ���

1RWH� ���QG� �QRW�GHWHFWHG



��

7DEOH����E�
5DGLRDFWLYLW\�LQ�:KLWLQJ�������DQG�����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ <HDU &��� 3X���� 3X�������� $P����
&ORJKHUKHDG�
+RZWK���� ���� ���� QG ������ QG
&ORJKHUKHDG��� ���� ���� QG QG �
+RZWK��� ���� ���� QG QG �
1RWHV� ����$QQXDO�FRPSRVLWH�RI����VDPSOHV�IURP�WKH�WZR�ORFDWLRQV�RI�&ORJKHUKHDG�DQG�+RZWK����$QQXDO�FRPSRVLWH���VDPSOHV�IURP�&ORJKHUKHDG� ����$QQXDO�FRPSRVLWH�RI����VDPSOHV�IURP�+RZWKQG� �QRW�GHWHFWHG



��

7DEOH����D�5DGLRDFWLYLW\�LQ�&RG�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK
7F��� &V���� 7F��� &V����

&ORJKHUKHDG )HE � ��� QG ���
0D\ ��� ��� � ���
$XJ � ��� � �
6HS � � ��� ���
2FW � � � ���
1RY QG ��� � �

+RZWK -DQ � ��� � ���
)HE ��� ��� � ���
0DU � ��� � ���
$SU � ��� � ���
0D\ � ��� ��� ���
-XQ � ��� � ���
-XO � ��� � ���
$XJ ��� ��� � ���
6HS � ��� � ���
2FW � ��� � ���
1RY � ��� ��� ���
'HF � ��� � ���

'XQPRUH�(DVW 0DU � ��� � ���
6HS � ��� � �
2FW � � � ���

&DVWOHWRZQEHUH 6HS � ��� � �
2FW � � � ���

*DOZD\ -XQ � ��� � ���
6HS � ��� � �
2FW � � � ���

.LOO\EHJV 0DU � ��� � ���
6HS � ��� � �
2FW � � � ���

1RWH� QG� �QRW�GHWHFWHG



��

7DEOH����E�5DGLRDFWLYLW\�LQ�&RG�������DQG�����
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ <HDU &��� 3X���� 3X�������� $P����

&ORJKHUKHDG�+RZWK���
���� ���� QG QG QG

&ORJKHUKHDG��� ���� ���� QG QG �
+RZWK��� ���� ���� QG QG �
1RWHV� ����$QQXDO�FRPSRVLWH�RI����VDPSOHV�IURP�WKH�WZR�ORFDWLRQV�RI�&ORJKHUKHDG�DQG�+RZWK����$QQXDO�FRPSRVLWH���VDPSOHV�IURP�&ORJKHUKHDG����$QQXDO�FRPSRVLWH�RI����VDPSOHV�IURP�+RZWKQG� �QRW�GHWHFWHG



��

7DEOH����D�5DGLRDFWLYLW\�LQ�3ODLFH�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK
7F��� &V���� 7F��� &V����

&ORJKHUKHDG )HE ��� ��� � ���
0D\ � ��� ��� ���
$XJ ��� ��� � �
6HS � � � ���
1RY � ��� QG ���

+RZWK -DQ � ��� � ���
)HE � ��� ��� ���
0DU � ��� � ���
$SU � ��� � ���
0D\ � ��� � ���
-XQ ��� ��� � ���
-XO � ��� � ���
$XJ � ��� ��� ���
6HS � ��� � ���
2FW QG ��� � �
1RY � ��� � ���
'HF � ��� � ���

'XQPRUH�(DVW 0DU � ��� � ���
6HS � QG � �

&DVWOHWRZQEHUH 6HS � ��� � �
2FW � � � QG

*DOZD\ -XQ � ��� � ���
6HS � ��� � �
2FW � � � ���

.LOO\EHJV 0DU � ��� � ���
6HS � ��� � �
2FW � � � ���

1RWH�� QG� �QRW�GHWHFWHG



��

7DEOH����E�5DGLRDFWLYLW\�LQ�3ODLFH�������DQG�����
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ <HDU &��� 3X���� 3X�������� $P����

&ORJKHUKHDG�+RZWK���
���� ���� QG QG QG

&ORJKHUKHDG��� ���� ���� ������ ����� �
+RZWK��� ���� ���� � QG �
1RWHV� ����$QQXDO�FRPSRVLWH�RI����VDPSOHV�IURP�WKH�WZR�ORFDWLRQV�RI�&ORJKHUKHDG�DQG�+RZWK����$QQXDO�FRPSRVLWH�RI���VDPSOHV�IURP�&ORJKHUKHDG����$QQXDO�FRPSRVLWH�RI����VDPSOHV�IURP�+RZWKQG� �QRW�GHWHFWHG

7DEOH���5DGLRDFWLYLW\�LQ�5D\�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK
7F��� &V���� 7F��� &V����

&ORJKHUKHDG )HE � ��� ��� ���
0D\ � ��� � ���
$XJ � ��� � �
6HS � � ��� ���
1RY � ��� � ���

+RZWK -DQ � ��� � ���
)HE � ��� � ���
0DU ��� ��� � ���
$SU � ��� � ���
0D\ ��� ��� � ���
-XQ � ��� � ���
-XO � ��� � ���
$XJ � ��� � ���
6HS � ��� � ���
2FW � ��� � ���
1RY � ��� � ���
'HF � ��� � ���

'XQPRUH�(DVW 6HS � ��� � �
&DVWOHWRZQEHUH 6HS � ��� � �

2FW � � � ���
.LOO\EHJV 0DU � ��� � ���

6HS � ��� � �
2FW � � � ���



��

7DEOH���5DGLRDFWLYLW\�LQ�+HUULQJ�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK
7F��� &V���� 7F��� &V����

&ORJKHUKHDG )HE � ��� ��� ���
0D\ QG ��� � �
$XJ � ��� � �
1RY � ��� � ���

+RZWK -DQ � ��� � ���
)HE � ��� � �
0DU � ��� � �
6HS � ��� � �
2FW � ��� � �
1RY � ��� � ���
'HF � ��� � ���

'XQPRUH�(DVW 0DU � ��� � �
2FW � � � ���

*DOZD\ 2FW � � � ���
.LOO\EHJV 0DU � ��� � �

6HS � ��� � �
2FW � � � ���

1RWH����QG�� �QRW�GHWHFWHG



��

7DEOH���5DGLRDFWLYLW\�LQ�0DFNHUHO�������DQG�����
���� ����

$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK
7F��� &V���� 7F��� &V����

&ORJKHUKHDG )HE � ��� � ���
0D\ � ��� � ���
$XJ � ��� � �
6HS � � � ���
1RY � ��� � ���

+RZWK -DQ � ��� � QG
)HE � ��� � ���
0DU � ��� � ���
$SU � ��� � ���
0D\ � ��� � ���
-XQ � � QG ���
-XO � ��� � ���
$XJ � ��� � ���
6HS ��� ��� � ���
2FW � ��� � �
1RY � ��� � ���
'HF � ��� � ���

'XQPRUH�(DVW 6HS � ��� � �
2FW � � � ���

&DVWOHWRZQEHUH 6HS � ��� � �
*DOZD\ -XQ � � � ���

2FW � � � ���
.LOO\EHJV 0DU � QG � ���

2FW � � � ���
1RWH����QG�� �QRW�GHWHFWHG



��

7DEOH���5DGLRDFWLYLW\�LQ�3UDZQV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK &��� 7F��� &V���� 3X���� 3X�������� $P����

&ORJKHUKHDG )HE ��� ��� � � �
0D\ QG ��� � � �
$XJ �� ��� � � �
1RY

�������

�� ��� � � �
+RZWK -DQ ��� ��� QG ����� �����

-XQ ��� ��� QG ����� QG
-XO � ��� QG ����� �����
1RY

�������

�� ��� QG ����� �����
'XQPRUH�(DVW 6HS � ��� QG � � �
*DOZD\ -XQ �

6HS �������

���
QG
��� QG��� QG��� QG���

'HF � � QG � � �
1RWHV� �������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI���VDPSOHV�������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI���VDPSOHVQG��� ��QRW�GHWHFWHG

7DEOH���5DGLRDFWLYLW\�LQ�3UDZQV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK &��� 7F��� &V���� 3X���� 3X��������

&ORJKHUKHDG )HE ��
0D\ ���
6HS ���
1RY

�������

�

���
���
���
���

� ��������

+RZWK 0DU �� ��� ����� �����
-XO ��� ��� ����� �����
'HF

�������

� ��� ����� �����
*DOZD\ -XQ �

2FW �������

�
QG
��� QG��� ��������

&DVWOHWRZQEHUH 2FW � � ��� � �
1RWHV� ������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI���VDPSOHV������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI���VDPSOHV������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI���VDPSOHVQG��� ��QRW�GHWHFWHG



��

7DEOH���5DGLRDFWLYLW\�LQ�0XVVHOV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK &��� 7F��� &V���� 3X���� 3X�������� $P����

&DUOLQJIRUG )HE ���� �� ��� ����� ����� �����
0D\ ���� �� ��� ����� ����� QG
$XJ ���� �� ��� ����� ����� �����
1RY ���� �� ��� ����� ����� �����

*DOZD\ -XQ � � QG � � �
6HS � � QG � � �
'HF � � QG � � �

1RWH� QG� �QRW�GHWHFWHG

7DEOH���5DGLRDFWLYLW\�LQ�0XVVHOV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ 0RQWK &��� 7F��� &V���� 3X���� 3X��������

&DUOLQJIRUG )HE ���� �� ��� ����� �����
0D\ ���� �� ��� ����� �����
6HS ���� �� ��� ����� �����
1RY ���� �� ��� ����� �����

*DOZD\ -XQ � � QG � �
/��)R\OH 0DU � � ��� � �

$SU � � ��� � �
6HS � � ��� � �

%DQWU\ 2FW � � ��� � �
1RWH� QG� �QRW�GHWHFWHG



��

7DEOH���5DGLRDFWLYLW\�LQ�2\VWHUV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ

<HDU
0RQWK &��� 7F��� &V���� 3X���� 3X�������� $P����

&DUOLQJIRUG )HE ���� ���
0D\ ���� ���
$XJ ��� ���
1RY

�������

��� ���
�������� �������� QG���

1RWHV�� ����������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI�WKH���&DUOLQJIRUG�VDPSOHV� QG�� �QRW�GHWHFWHG

7DEOH���5DGLRDFWLYLW\�LQ�2\VWHUV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6DPSOLQJ/RFDWLRQ

<HDU
0RQWK &��� 7F��� &V���� 3X���� 3X��������

&DUOLQJIRUG )HE ��� ���
0D\ ��� ���
6HS ��� ���
1RY

�������

��� ���
�������� ��������

1RWH�� ������5HVXOWV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�D�FRPSRVLWH�RI�WKH���&DUOLQJIRUG�VDPSOHV

7DEOH���7HFKQHWLXP����LQ�/REVWHU���� �����DQG�����
���� ����6DPSOLQJ/RFDWLRQ 0RQWK 7F����$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW

&DUOLQJIRUG 0DU �� �
0DU ��� �
-XO ��� �
-XO ��� �
$XJ � ��
2FW �� �

'XQGDON�%D\ )HE � ��
/RXJK�6KLQQ\ )HE �� �

)HE ��� �
-XQ � ��

+RZWK -XO ��� �
-XO ��� �
2FW �� ��

1RWH�� ������7DLO�PHDW�RQO\�LQFOXGHG�LQ�DQDO\VLV



��

7DEOH���0HDQ�$FWLYLW\�&RQFHQWUDWLRQV�RI�$UWLILFLDO�5DGLRQXFOLGHV�LQ�)LVK�DQG�6KHOOILVK/DQGHG�DW�1RUWK�(DVW�3RUWV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6SHFLHV

7\SH 7F��� &V���� 3X���� 3X�������� $P����
)LVK ��� ��� QG ������ ����������

&UXVWDFHDQV�3UDZQV� �� ��� QG ����� �����
0ROOXVFV�0XVVHOV� �� ��� ����� ��� ���

1RWHV� ������(VWLPDWHG�XVLQJ�D�PHDQ�DPHULFLXP�SOXWRQLXP�UDWLR�LQ�ILVK�DW�&ORJKHUKHDG�>5\DQ�HW�DO���������E�@� QG��� �QRW�GHWHFWHG

7DEOH���0HDQ�$FWLYLW\�&RQFHQWUDWLRQV�RI�$UWLILFLDO�5DGLRQXFOLGHV�LQ�)LVK�DQG�6KHOOILVK
/DQGHG�DW�1RUWK�(DVW�3RUWV������
$FWLYLW\�&RQFHQWUDWLRQ�%T�NJ��ZHW�ZHLJKW6SHFLHV

7\SH 7F��� &V���� 3X���� 3X�������� $P�������

)LVK ��� ��� ������ ����� �����
&UXVWDFHDQV�3UDZQV� �� ��� ����� ����� �����
0ROOXVFV�0XVVHOV� �� ��� ����� ����� �����

1RWH� �����(VWLPDWHG�XVLQJ��PHDQ�DPHULFLXP�SOXWRQLXP�UDWLRV�LQ�ILVK��SUDZQV�DQG�PXVVHOV�>5\DQ�HW�DO���������E�@

7DEOH���'RVH�&RQYHUVLRQ�)DFWRUV���
1XFOLGH 'RVH�&RQYHUVLRQ�)DFWRUV6Y�%T��

&��� ����[������

&V���� ����[�����

7F��� ����[����±��
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&DVWOHWRZQEHUH 6HS 3HEEOHV ����� �
2FW 3HEEOHV � �����
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