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Radioactivity is measured in units called becquerels 
(Bq). One becquerel corresponds to one radioactive 
disintegration per second.

When measuring radioactive discharges to the 
environment or referring to the content of radioactive 
sources used in medicine, industry and education, it 
is more usual to talk in terms of kilobecquerels (kBq), 
megabecquerels (MBq), gigabecquerels (GBq) or 
terabecquerels (TBq)

1 kBq = 1000 Bq

1 MBq = 1,000,000 Bq

1 GBq = 1,000,000,000 Bq

1 TBq  = 1,000,000,000,000 Bq
 
Much lower concentrations of radioactivity are normally 
found in the environment and so the measurement is 
often reported in units of millibecquerels (mBq). There 
are one thousand millibecquerels in a becquerel.

1 Bq = 1000 mBq

Radiation Dose When radiation interacts with body 
tissues and organs, the radiation dose received is a 
function of factors such as the type of radiation, the part 
of the body affected, the exposure pathway, and so on. 
This means that one becquerel of radioactivity will not 
always deliver the same radiation dose. A unit called 
‘effective dose’ has been developed to take account of 
the differences between different types of radiation so 
that their biological impact can be compared directly. 
Effective dose is measured in units called sieverts (Sv).

The sievert is a large unit, and in practice it is more usual 
to measure radiation doses received by individuals in 
terms of fractions of a sievert.

1 sievert = 1000 millisievert (mSv)

 = 1,000,000 microsievert (µSv)

 = 1,000,000,000 nanosievert (nSv)

In RPII reports the term ‘effective dose’ is often referred 
to as ‘radiation dose’ or simply ‘dose’.

Collective dose is the sum of the radiation doses 
received by each individual in the population. This 
allows comparison of the total radiation dose received 
from different sources. Collective dose is reported in 
units of man sieverts (man Sv) or man millisieverts  
(man mSv).

Per caput dose is the collective dose divided by the 
total population. Per caput dose is reported in units of 
sieverts, or fractions of a sievert.

Radiation Units



i

P. McGinnity 
L. Currivan 
A. Dowdall 

O. Hanley 
K. Kelleher 

L. McKittrick 
D. Pollard 

S. Somerville 
J. Wong 

C. McMahon

November 2012

RPII 12/02

Radioactivity Monitoring of the 
Irish Environment 2010–2011



ii



iii

Contents

   
 
Executive Summary vi

1.  Introduction 1

 Radioactivity in the environment 2

   Natural radioactivity in the environment 3

   Artificial radioactivity in the environment 3

 Legislative framework 7

   Radiological Protection Act, 1991 7

   Articles 35 and 36 of the EURATOM Treaty 7

   Oslo Paris Convention 7

   Drinking Water Directive 7

   Quality assurance and results 7

2.  Radioactivity in the atmosphere 10

 The Permanent monitoring station network 10

 Airborne radioactivity 11

   Radioactivity in airborne particulates (low-volume) 12

   Radioactivity in airborne particulates (high-volume) 19

 External gamma dose rate 21

 Rainwater 23

3.  Radioactivity in foodstuffs and drinking water 24

 Foodstuffs 24

   Measuring radioactivity in milk 24

   Measuring radioactivity in mixed diet foodstuffs 27

  Drinking Water 28

4.  Radioactivity in the marine environment 30

  Marine radioactivity 30

   Seawater 32

   Sediment 38

   Seaweed 39

   Fish and shellfish 42

5.  Conclusions 50

6.  Acknowledgements 51

7.  References 52

 Appendix 1. Screening levels for drinking water 55



List of Figures 
 

Figure A  Annual committed effective dose to the typical seafood consumer, 1982-2011 viii

Figure B  Mean caesium-137 concentrations (Bq/l) in coastline seawater, 2010–2011 ix

Figure C Permanent monitoring network for radioactivity measurement, 2010–2011 x

Figure 1 Contribution to annual dose from all sources of radiation in Ireland 2

Figure 2 Marine discharges of caesium-137 from Sellafield, 1953-2011 5

Figure 3 Marine discharges of technetium-99 from Sellafield, 1986-2011 6

Figure 4 Permanent monitoring network for radioactivity measurement, 2010–2011 10

Figure 5 Off-shore sampling locations, 2010–2011 32

Figure 6 Mean caesium-137 concentrations (Bq/l) in coastline seawater, 2010–2011 34

Figure 7 Caesium-137 activity concentrations in seawater from east-coast locations, 1993-2011 35

Figure 8 Caesium-137 activity concentrations in seawater from locations N1-N6 in the Irish Sea,  
  1984 – 2011 36

Figure 9 Mean technetium-99 concentrations (Bq/l) in coastline seawater, 2010 37

Figure 10 Technetium-99 activity concentrations in seawater (Bq/l) from Balbriggan, 1995-2010 38

Figure 11 Mean caesium-137 activity concentrations in seaweed (Fucus vesiculosis, Bq/kg, dry) 
  from east coast locations, 1982-2011 41

Figure 12 Technetium-99 activity concentrations in seaweed (Fucus vesiculosis, Bq/kg, dry)  
  from east coast locations (Balbriggan and Ballagan), 1988-2011 41

Figure 13  Annual committed effective dose to the typical seafood consumer, 1982-2011 49

 
 
List of Tables 
 

Table 1   Naturally occurring radionuclides in seawater                                                                                                            3 

Table 2  Annual authorised discharge limits and actual discharges from Sellafield to the Irish Sea,  
  2010–2011  4

Table 3   Analytical techniques used in the determination of radionuclide concentrations  9

Table 4   Permanent monitoring network, 2010–2011 11

Table 5a  Radioactivity in airborne particulates (low-volume), Cahirciveen, 2010–2011 13

Table 5b   Radioactivity in airborne particulates (low-volume), Clonskeagh, 2010–2011 14

Table 5c   Radioactivity in airborne particulates (low-volume), Cork Airport, 2010–2011 15

Table 5d   Radioactivity in airborne particulates (low-volume), Glasnevin, 2010–2011 16

Table 5e   Radioactivity in airborne particulates (low-volume), Knock Airport, 2010–2011 17

Table 5f   Radioactivity in airborne particulates (low-volume), Rosslare, 2010 18

Table 5g    Radioactivity in airborne particulates (low-volume), Shannon Airport, 2010–2011 19

Table 6    Radioactivity in airborne particulates (high-volume), Belfield (Dublin), 2010–2011 20

Table 7   Annual committed effective doses due to inhalation of airborne caesium-137, 2003-2011 21

iv



Table 8  External gamma dose rates (terrestrial), 2010 22

Table 9   Radioactivity in milk, 2010–2011 25

Table 10   Radioactivity in milk, Ballyragget, Co Kilkenny, 2011 25

Table 11   Ingestion dose coefficients for radionuclides detected in milk 26

Table 12   Annual committed effective dose from radionuclides in milk, 2010–2011 27

Table 13  Maximum caesium-137 activity concentrations in foodstuffs, 2010–2011 28

Table 14   Gross alpha and gross beta activity concentrations in drinking water, 2010–2011 29

Table 15   Marine monitoring programme, 2010–2011 31

Table 16  Radioactivity in seawater, 2010–2011 33

Table 17 Radioactivity in marine sediments, 2010–2011 39

Table 18 Radioactivity in seaweed (Fucus vesiculosis), 2010–2011 40

Table 19  Caesium-137 activity concentrations in fish, 2010–2011 42

Table 20 Caesium-137 activity concentrations in shellfish, 2010–2011 43

Table 21 Technetium-99 and plutonium-238, 239 and 240 activity concentrations in fish and shellfish ,  
  2010–2011 44

Table 22 Mean activity concentrations of artificial radionuclides in fish and shellfish landed at  
  north-east ports, 2010–2011 45

Table 23 Weighted consumption rates for critical groups identified in the 2008 Habits Survey  
  and for notional consumers 46

Table 24  Adult ingestion dose coefficients for radionuclides detected in fish and shellfish 46

Table 25 Annual committed effective doses from artificial radionuclides due to consumption  
  of fish and shellfish landed at north-east ports, 2010 and 2011 47

Table 26 Annual committed effective doses from artificial radionuclides due to consumption  
  of fish and shellfish, 1982-2011 48

Table A1 Parametric values for radioactivity from Drinking Water 55

Table A2 Radiological data used to calculate indicatives doses for drinking water 56

v



vi

This report presents the results of the environmental 
radioactivity monitoring programme carried out by the 
Radiological Protection Institute of Ireland (RPII) during 
2010 and 2011. The RPII has routinely monitored levels 
of radioactivity in the Irish environment since 1982 and 
this is the latest in the RPII’s series of environmental 
monitoring reports. The RPII reviews and updates 
its environmental programme annually to ensure it 
remains relevant and continues to focus on the most 
important sources of radioactivity in the environment.

The principal aims of the RPII’s monitoring  
programme are:

•	 To	assess	the	levels	of	radioactivity	in	the	
environment to which the Irish population is 
exposed;

•	 To	study	trends	and	establish	the	geographical	
distribution of contaminating radionuclides to 
improve our understanding of the long-term 
behaviour of artificial radioactivity in the food chain 
and in the environment; and

•	 To	ensure	that	any	increases	in	radiation	levels	
resulting from an accidental release of radioactivity 
to the environment are detected and assessed 
rapidly.

Exposure of the population  
to radioactivity

There are a number of different routes or pathways by 
which the public can be exposed to radiation. These 
include:

•	 Exposure	by	inhalation	(when	radioactive	material	is	
breathed into the lungs);

•	 Exposure	through	ingestion	(when	radioactive	
material is consumed with food and drink); and

•	 Direct	or	external	exposure	to	radioactive	material	
in the environment.

The exposure of the Irish population to radioactivity 
in the environment is assessed by measuring the 
concentrations of radioactivity in food and the 
environment and by combining these results with food 
consumption rates and other data on habits. During 
2010 and 2011, radioactivity was measured in air, water 
and a range of foods.

On average, a person in Ireland receives an annual 
dose of 3950 μSv from all sources of radiation. By far 
the largest contribution of approximately 86 per cent 
(3400 μSv) comes from natural sources, mainly from 
the accumulation of radon gas in homes. Man-made 
radiation contributes approximately 14 per cent (550 
μSv), largely from the beneficial use of radiation in 
medicine (540 μSv). Doses from other man-made 
sources account for less than 1 per cent (15 μSv). The 
annual dose limit for members of the public from 
practices involving controllable sources of radiation is 
1000 μSv (Ireland, 2000).

Executive 
summary
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The most significant source of artificial radioactivity 
in the Irish marine environment is the discharge of 
low level liquid radioactive waste from the Sellafield 
Nuclear Fuel Reprocessing Plant on the north-west 
coast of England. In order to assess the exposure 
arising from this source, extensive samples of fish and 
shellfish landed at ports along the north-east coast 
of Ireland are taken. The group of individuals most 
exposed to discharges from Sellafield have been 
identified as commercial oyster and mussel farmers 
working along Ireland’s north-east coastline and their 
families. Based on this data, the radiation dose to a 
member of this group was assessed to be 0.21 μSv/year 
for 2010 and 0.56 μSv/year for 2011. This dose may be 
compared with the average radiation dose to a person 
living in Ireland of 3950 μSv/year from all sources of 
radiation.

Artificial radioactivity is also present in the terrestrial 
environment due mainly to residual global fallout 
primarily from atmospheric testing of nuclear weapons 
in the 1950s and 1960s, and from releases from past 
nuclear accidents such as that at Chernobyl. 

In March 2011, the Great East Japan Earthquake 
and the tsunamis that followed it resulted in the 
development of severe accident conditions at 
the Fukushima Dai-ichi Nuclear Power Plant and, 
subsequently, in releases of radioactivity to the 
environment which could be detected as far away as 
Europe. The RPII increased the frequency of sampling 
and analysis of air, rainwater and milk in Ireland in 
anticipation of the arrival of the radioactive plume. The 
aims of that monitoring were to assess the levels of 
radioactivity from the accident reaching Ireland and 
to provide data on which to base the RPII’s advice to 
the Government and to the public. Trace amounts of 
radioactive isotopes consistent with the Fukushima 
nuclear accident were detected in Ireland during the 
period March to May 2011. Results of this monitoring 
were published on the RPII website as they became 
available. A comprehensive assessment of the impact 
on Ireland of the accident was published by RPII in 
March 2012, on the first anniversary of the earthquake 
and tsunamis (McGinnity et al., 2012).

Although the releases from Fukushima were significant, 
the amounts of radioactivity from the accident 
detected here were not of concern from a public 
health point of view. This was because of the significant 
dilution of the radioactivity in the atmosphere as it was 
transported across the large distance between Japan 
and Ireland.

For assessing the radiation exposure from radioactivity 
in the terrestrial environment, levels in milk are 
considered an important marker. This is because milk 
is an important foodstuff for infants and children and 
is known to concentrate long-lived radionuclides such 
as caesium-137 and strontium-90. For children under 
the age of one year-the most exposed group-the 
estimated doses due to strontium-90 activity in milk 
were estimated to be 1.16 μSv for 2010 and 1.35 μSv 
for 2011. There was a small additional contribution to 
the dose from iodine-131 in 2011, as a result of trace 
levels of this radionuclide from the Fukushima nuclear 
accident transferring to milk. The contribution from 
caesium-137 was not significantly influenced by the 
nuclear accident at Fukushima. These doses are very 
small compared to the background levels of radiation 
people are exposed to every year. Radioactivity 
measurements on other foodstuffs confirm that levels 
of artificial radioactivity in the Irish food-chain remain 
very low and that Irish foodstuffs are free from harmful 
levels of radioactivity.

The RPII monitors radioactivity in major drinking 
water supplies in rotation so that major supplies from 
each county are sampled at least once every four 
years. During 2010 and 2011, supplies from Dublin, 
Galway, Laois, Louth, Mayo, Meath, Monaghan, Offaly, 
Roscommon, Sligo, Tipperary, Waterford, Westmeath, 
Wexford, and Wicklow were tested. Drinking water 
samples are assessed for compliance with the 
radioactivity standards set out in the Drinking Water 
Directive (European Communities, 1988b). All drinking 
water samples tested during 2010 and 2011 were 
found to be in compliance with the radioactivity 
standards set out in the European Drinking Water 
Directive.

The RPII programme also monitors airborne 
radioactivity through its network of online and offline 
air samplers. External gamma dose rates are also 
monitored as a measure of the external exposure levels 
across the country. Apart from the trace amounts of 
radioactive isotopes consistent with the Fukushima 
nuclear accident which were detected from March 
to May 2011, no exceptional activity was detected 
in outdoor air during 2010 and 2011. For 2010, the 
average annual dose from inhalation of caesium-137 
was estimated at 1.0 x 10-4 μSv. For 2011, it was 
estimated at 30.9 x 10-4 μSv. Although, this dose was 
higher than in previous years (as a result of elevated 
airborne levels of this radionuclide from the Fukushima 
nuclear accident), it was so low as to constitute a 
radiologically insignificant exposure.



Trends and geographic 
distribution

Apart from the short-term elevated levels of 
radioactivity arising from the nuclear accident at 
Fukushima which were detected in air, rainwater and 
milk during the period March to May 2011, the levels of 
radioactivity measured in air and terrestrial foodstuffs 
are very similar to those reported in recent years.  
This is to be expected since these are influenced 
primarily by levels of residual global fallout, which 
change very slowly.

Concentrations of radioactivity measured in the  
Irish marine environment are broadly similar to  
those reported over the last decade. Figure A shows 
the radiation dose from artificial radionuclides to the 
typical seafood consumer over the period 1982  
to 2011.

 

The highest concentrations of Sellafield-derived 
radioactivity in the Irish marine environment are 
found along the north-east coast. Concentrations 
measured south of Dublin are lower while those 
measured along the south and west coast are 
generally consistent with global fallout levels. Figure 
B shows the mean concentrations of the radionuclide 
caesium-137 measured in coastal seawater during 

2010 and 2011. A number of recommendations of a 
2009 peer review of the RPII monitoring programme 
were introduced in 2011. As a consequence, since the 
start of 2011, seawater sampling on the east coast has 
been focussed on a single location - Ballagan in Co. 
Louth - but with a greater frequency than in previous 
years. Concentrations on the south and west coast are 
measured every two years.

Figure A. Annual committed effective dose to the typical seafood consumer, 1982-2011
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While in general Sellafield discharges into the Irish 
Sea have been falling since the 1980s, discharges of 
the radionuclide technetium-99 increased sharply 
in 1994 due to changes in waste treatment at the 
plant. Discharges of this radionuclide peaked in 1995 
and reduced substantially after 2004 following the 
introduction of a new waste treatment technique 
at the plant. These lower discharges have led to 

reductions in technetium-99 activity concentrations 
in seafood landed at Irish ports and in the Irish marine 
environment. By 2005, levels of technetium in the Irish 
marine environment had effectively fallen back to 
those observed in the early 1990s and this continued 
to be reflected in the concentrations measured in  
2010 and 2011.

Monitoring for accidental releases
The RPII operates a national network of permanent 
monitoring stations which continuously assess the 
levels of radioactivity in the environment through 
the collection of aerosol and rainwater samples and 
the measurement of ambient gamma dose rate. This 
network is designed to allow a rapid assessment of 
environmental contamination to be made in the 
event of a radiological emergency. The locations of the 
permanent monitoring stations are shown in Figure C. 
Trace amounts of radioactive isotopes consistent  

 
 
with the Fukushima nuclear accident were detected 
in airborne particles and rainwater samples during 
the period March to May 2011. No elevated results 
were expected or were detected at gamma dose rate 
stations as the additional dose rate in Ireland from the 
radioactivity from Fukushima was extremely low and 
well within the normal variations in background levels. 
No abnormal levels of radioactivity were recorded  
at any of the stations during 2010 or the remainder  
of 2011.

Portrush

2010: 0.0022
2011: 0.0014

Larne

2010: 0.0042

2010: 0.0082
2011: 0.0125

Mountcharles

2010: 0.0012

Salthill

2010: 0.0015

Castletownbere

2010: 0.0024

Woodtown

2010: 0.0031

Cahore

2010:0.0043

Balbriggan

2010: 0.0111

Greenore/Ballagan

2010: 0.0023
2011: 0.0128

Ards

Figure B. Mean caesium-137 concentrations (Bq/l) 
in coastline seawater, 2010–2011
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Conclusion

The data presented in this report confirm that 
while the levels of artificial radioactivity in the Irish 
environment are detectable, they are low. They do not 
pose a significant risk to the human health of the Irish 
population.

Trace amounts of radioactive isotopes consistent with 
the Fukushima nuclear accident were detected in air, 
rainwater and milk samples during the period March 
to May 2011. These increases in levels of radioactivity 
were not of concern from a public health point of view. 

For the remainder of the reporting period, activity 
concentrations of radionuclides in airborne particles 
were low and consistent with measurements made 
in recent years. Radioactivity levels in milk, mixed diet 
and a wide range of foodstuffs were low and (for the 
majority of samples) below the detection limits. All 
drinking waters tested were found to be in compliance 
with the total indicative dose defined in national and 
EU legislation.

The doses incurred by the Irish public in 2010 and 
2011 as a result of artificial radioactivity in the marine 
environment are small when compared to dose limits 
or to natural radiation doses received by the Irish  

 
 
public. The doses to the most exposed individuals, 
members of the oyster and mussel farmers critical 
group, were approximately 0.02 per cent and 0.05 per 
cent of the annual dose limit of 1000 μSv for members 
of the public from practices involving controllable 
sources of radiation in 2010 and 2011 respectively. 
The increase in 2011 can be attributed to changes in 
sampling protocol and analytical method. These doses 
represent a small fraction of the average annual dose 
to a person in Ireland from all sources of radioactivity 
of 3950 μSv.

In general, levels of artificial radioactivity in the 
Irish environment remain fairly constant and are 
broadly consistent with levels reported previously. 
It must be emphasised that the levels of radioactive 
contamination present in the marine environment, 
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.

Figure C. Permanent monitoring network for radioactivity measurement, 2010–2011
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This report presents the results of the environmental 
radioactivity monitoring programme carried out by 
the RPII in 2010 and 2011. It is the latest in a series of 
reports, all of which are available on the RPII’s website, 
www.rpii.ie.

The principal aims of the RPII’s monitoring  
programme are:

•	 To	assess	the	levels	of	radioactivity	in	the	
environment to which the Irish population is 
exposed;

•	 To	study	trends	and	establish	the	geographical	
distribution of contaminating radionuclides to 
improve our understanding of the long-term 
behaviour of artificial radioactivity in the food chain 
and in the environment; and

•	 To	ensure	that	any	increases	in	radiation	levels	
resulting from an accidental release of radioactivity 
to the environment are detected and assessed 
rapidly.

The exposure of the Irish population to radioactivity 
in the environment is assessed by measuring the 
concentrations of radioactivity in food and the 
environment and by combining these results with food 
consumption rates and other data on habits.

The monitoring programme involves the sampling and 
testing for radioactivity in air, drinking water, foodstuffs, 
fish, shellfish, seaweed, marine sediment and seawater 
as well as the continuous measurement of external 
gamma radiation. The sample types and radionuclides 
measured are reviewed annually to ensure that the 
aims of the monitoring programme continue to be 
achieved. In 2009, a comprehensive peer review of the 
RPII’s monitoring programme was undertaken by a 
group of international experts (Mitchell et al., 2009). 
While this group endorsed the broad thrust of the 
programme, it made a number of recommendations for 
improvement, notably in relation to marine monitoring. 
These changes were implemented by RPII in the 2011 
monitoring programme.

Studies of other specific radiation exposure pathways 
are also undertaken in order to improve RPII’s ability 
to assess the total exposure of the Irish public to 
radioactivity. 

During 2010 and 2011, the sampling and analysis for a 
national survey of natural radioactivity in groundwater 
supplies was concluded. A project to investigate 
levels of natural radionuclides in food was started in 
2011. Further monitoring projects to study tritium in 
seawater and artificial radionuclides in Carlingford 
Lough were also started in 2011. 

A comprehensive assessment of doses received  
by the Irish public was published by RPII in 2008  
(Colgan et al., 2008).

1.Introduction
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Radioactivity in the environment

Radioactivity from both natural and artificial 
origins exists throughout the environment. Natural 
radioactivity has been present since the formation of 
the Earth and is also formed in the Earth’s atmosphere 
as a result of interactions with cosmic radiation. 
Artificial sources of radioactivity include the fallout 
from atmospheric nuclear weapons testing, the 
Chernobyl and Fukushima nuclear accidents, and 
the routine discharge of radionuclides from nuclear 
installations. Liquid discharges from the Sellafield 
nuclear fuel reprocessing plant in the north-west 
of England remain the dominant source of artificial 
radioactivity affecting the Irish Sea. Once present in the 
environment, radionuclides are available for uptake by 
fish, shellfish, crops and animals, and so make their way 
into the food chain.

 
On average, a person in Ireland receives an annual 
dose of 3950 μSv from all sources of radiation. By far 
the largest contribution (approximately 86 per cent 
– 3400 μSv) comes from natural sources, mainly from 
the accumulation of radon gas in homes. Man-made 
radiation contributes approximately 14 per cent (550 
μSv), dominated by the beneficial use of radiation 
in medicine (540 μSv). Doses from other man-made 
sources account for less than 1 per cent (15 μSv). The 
annual dose limit for members of the public from 
practices involving controllable sources of radiation 
is 1000 μSv (Ireland, 2000).The contribution from all 
sources of radiation to the average annual dose to a 
person in Ireland, is shown in Figure 1.

 

Figure 1. Contribution to annual dose from all sources of radiation in Ireland

Natural radioactivity  
in the environment

Natural radioactivity in the environment has two 
principal components, cosmic and primordial.  
Cosmic rays, originating in outer space, strike the 
earth’s atmosphere and generate a cascade of ionising 
particles. Cosmic radiation is more intense at high 
altitudes than at low altitudes, and at sea level it 
accounts for approximately 10 per cent of the total 

dose from all natural sources that a typical person 
in Ireland would receive (Colgan et al., 2008). The 
interaction between cosmic radiation and atoms 
in the earth’s atmosphere also produces a range of 
cosmogenic radionuclides including beryllium-7 and 
hydrogen-3 (tritium).
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At the time of the creation of the Earth, a range of 
long-lived radionuclides were present and many of 
these are still detectable. These are collectively known 
as primordial radioactivity and include radionuclides 
of the uranium and thorium decay series. The most 
significant contribution to human exposure caused 
by primordial radioactivity comes from radon, a 
naturally occurring gas produced as a result of the 
decay of uranium present in rocks and soil. Because 
radon is a gas, it can seep up from the ground and may 
accumulate in buildings giving rise to human exposure. 
The presence of radon in Irish dwellings have been 
extensively investigated and reported on (Fennell et al., 
2002). A comprehensive study of natural radionuclides 
in Irish soil has been carried out by McAulay and Moran 
(1988).

The activity concentrations of some of the naturally 
occurring radionuclides most commonly found 
in seawater are summarised in Table 1. Of these, 
polonium-210 is known to make the most significant 
contribution to the radiation dose resulting from the 
consumption of marine foodstuffs (Pollard et al., 1998).

 

Table 1: Naturally occurring radionuclides  
in seawater

Radionuclide Activity concentration (Bq/l)

Tritium 0.0006a

Carbon-14 0.0043a

Potassium-40 11b

Lead-210 0.005a

Polonium-210 0.0037a

Bismuth-214 0.0007a

Radon-222 0.0007a

Radium-226 0.0036a

Uranium-234 0.047c

Uranium-238 0.041c

 
Sources: a Walker and Rose (1990). b RPII measurement.  
c Smith (2001).

Potassium-40, a naturally occurring radionuclide, is 
present in relatively large activity concentrations 
in the environment. However, it is controlled by 
homeostatic processes in the human body (Eisenbud 
and Gessell, 1997), which means its equilibrium activity 
concentration is normally independent of the amount 
consumed. Therefore, while the activity concentrations 
of this radionuclide in food are considerably higher 

than that of many other natural radionuclides, its 
presence does not lead to an increased radiological 
hazard.

Artificial radioactivity  
in the environment

More than 500 atmospheric nuclear weapons tests 
took place between 1945 and 1980, releasing artificial 
radioactive materials directly into the atmosphere 
(UNSCEAR, 2000). These included tritium, carbon-14, 
strontium-90, caesium-137, plutonium-238, 
plutonium-239 and plutonium-240. The inventories 
and deposition patterns in Ireland of weapons-derived 
radionuclides have previously been published  
(Ryan, 1992; Ryan et al., 1993).

Past accidents at nuclear installations are another 
source of artificial radionuclides in the environment. 
Radiocaesium, for example, was widely dispersed in 
the Irish environment and was found to be present in 
air, soil, vegetation and milk following the Chernobyl 
accident in 1986 (Cunningham et al., 1987; McAulay 
and Moran, 1989; Ryan, 1992; European Communities, 
1998a).

 
Sellafield

During the routine operation of nuclear installations 
such as nuclear power plants and reprocessing plants, 
radioactive material is released into the environment. 
The most significant source of artificial radioactivity 
to the Irish marine environment comes from the 
Sellafield nuclear fuel reprocessing plant in Cumbria. 
During 2010 and 2011, the principal activities at 
Sellafield included fuel reprocessing, spent fuel 
storage, vitrification of high-level radioactive wastes, 
decommissioning of obsolete plants, fabrication 
of mixed oxide (MOX) fuel for nuclear reactors and 
storage of reprocessed plutonium. These activities 
produce both aerial discharges and the discharge of 
low-level liquid radioactive waste into the eastern 
Irish Sea (Colgan et al., 2005). These discharges 
are authorised within prescribed limits by the UK 
Environment Agency. The quantities of various 
radionuclides discharged from Sellafield into the Irish 
Sea in 2010 and 2011 are presented in Table 2.

 



Liquid discharges from Sellafield to the marine 
environment 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 when the practice of 
discharging cooling pond water and the liquid waste 
known as medium active concentrate (MAC) directly 

into the sea was halted. The commissioning of the Site 
Ion Exchange Effluent Plant and the Salt Evaporator 
waste treatment facility resulted in a substantial 
reduction in discharges in the mid-1980s. Given the 
behaviour of caesium-137 in the environment and its 
radiotoxicity, this radionuclide is considered the main 
contaminant. Discharges since 1953 of caesium-137 are 
presented in Figure 2.

Notes: 1 TBq (terabequerel) = 1 x 1012 Bq. a From the sea pipeline. b Limits lowered in April 2010.  
c The sum of plutonium-238, plutonium-238 and plutonium-240. d The limit and the discharge are expressed in kg.  
Source: UK Environment Agency (UKEA, 2012).

Table 2: Annual authorised discharge limits and actual discharges from Sellafield to the Irish Sea, 
2010–2011

 Radionuclide category Authorised limit (TBq)       Discharge (TBq)a

         2010        2011 

 Tritium 20,000 1390 2070 

 Carbon-14 21 4.37 6.39 

 Cobalt-60 3.6 0.098 0.065 

 Strontium-90 48 1.02 1.93 

 Zirconium-95 + Niobium-95b 2.8 0.237 0.187 

 Technetium-99 10 1.41 1.59 

 Ruthenium-106b 51 1.16 2.04 

 Iodine-129 2 0.274 0.400 

 Caesium-134 1.6 0.110 0.095 

 Caesium-137 34 4.85 5.86 

 Cerium-144 4 0.570 0.471 

 Neptunium-237b 0.73 0.041 0.043 

 Plutonium (alpha)c 0.7 0.134 0.106 

 Plutonium-241 25 3.16 2.41 

 Americium-241 0.3 0.023 0.032 

 Curium-243 + 244 0.05 0.0029 0.0039 

 Alpha-emitting radionuclides 1 0.134 0.117 

 Beta-emitting radionuclides 220 11.4 15.2 

 Uraniumd 2,000 361 318 
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Discharges of technetium-99 from Sellafield into the 
Irish Sea increased significantly in the mid-1990s 
and reached a peak in 1995 – this was due to the 
processing of a backlog of MAC through the Enhanced 
Actinide Removal Plant (EARP). In 2004, a new 

treatment process based on tetraphenylphosphonium 
bromide (TPP) was implemented, and this was effective 
at removing technetium-99 from liquid waste. By the 
end of 2005, technetium-99 discharges had returned to 
pre-1994 levels (Figure 3).

Figure 2. Marine discharges of caesium-137 from Sellafield, 1953-2011
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Fukushima

In March 2011, the Great East Japan Earthquake 
and the tsunamis that followed it resulted in the 
development of severe accident conditions at 
the Fukushima Dai-ichi Nuclear Power Plant and, 
subsequently, releases of radioactivity to the 
environment. The majority of the releases to the 
atmosphere – mainly volatile fission products including 
isotopes of iodine, caesium, tellurium and the noble 
gases xenon and krypton - occurred during the period 
12 – 22 March. The RPII increased the frequency of 
sampling and analysis of air, rainwater and milk in 
Ireland in anticipation of the arrival of the radioactive 
plume in Europe. The aims of the monitoring were to 
assess the levels of radioactivity from the accident 
reaching Ireland and to provide data on which to base 
the RPII’s advice to the Government and to the public. 
Trace amounts of radioactive isotopes consistent with 
the Fukushima nuclear accident were detected in 
Ireland during the period March to May 2011. Detailed 
results were published by RPII in March 2012, on the 
first anniversary of the earthquake and tsunamis 
(McGinnity et al., 2012).

Although the releases from Fukushima were significant, 
because of the transit time and significant dilution 
of the radioactivity in the atmosphere as it was 
transported across the large distance between Japan 
and Ireland, increases in levels of radioactivity here 
were not of concern from a public health point of view.

Hospital discharges

Some hospitals in Ireland use short-lived radionuclides 
for medical and scientific research purposes. These 
are subsequently released to the environment via the 
sewage system. The only radionuclide that is present 
in measurable quantities in the marine environment 
as a result of such discharges from Irish hospitals 
is iodine-131. A study to assess the environmental 
impact of these discharges and the doses to workers 
potentially exposed to them was carried out between 
2003 and 2004 (Akinmboni et al., 2005). It was found 
that, since this radionuclide is short-lived and the 
amounts discharged are relatively small, their impact 
on the environment was negligible. The doses to 
potentially exposed workers were significantly less 
than the annual dose limit (1000 μSv/year) to members 
of the public from exposure to all controlled sources of 
ionising radiation. Discharges of iodine-131 from Irish 
hospitals have been broadly consistent since this study 
was conducted.

Figure 3. Marine discharges of technetium-99 from Sellafield, 1986-2011
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Legislative framework

Radiological Protection Act, 1991

The RPII was established in 1992 under the Radiological 
Protection Act, 1991 (Ireland, 1991) as the national 
organisation with regulatory, monitoring and advisory 
responsibilities in matters pertaining to ionising 
radiation. The Act assigns responsibility to the RPII to 
monitor levels of radioactivity in the Irish environment, 
to monitor the exposure of individuals to radioactivity, 
and to provide information to the public and advice 
to the Government on measures for the protection of 
people in the State from radiological hazards.

Articles 35 and 36 of the EURATOM 
Treaty

Under Article 35 of the EURATOM Treaty, each member 
state of the European Union is required to establish the 
facilities necessary to carry out continuous monitoring 
of the levels of radioactivity in the environment. An 
independent assessment is carried out periodically by 
the European Commission to verify the operation and 
efficiency of member states’ facilities. The most recent 
assessment of Irish facilities was carried out in 2007 
and concluded that the requirements of Article 35 
were fully met (European Commission, 2008).

In addition, Article 36 of the EURATOM Treaty 
requires that data arising from this monitoring 
be communicated periodically to the European 
Commission. In fulfilment of this requirement, the RPII 
submits the results of its monitoring programme to 
the Commission annually. The Joint Research Centre at 
Ispra in Italy maintains a database of member states’ 
environmental radioactivity measurements on behalf 
of the Commission and publishes compilations of this 
data periodically in the EU Environmental Radioactivity 
Series (European Commission, 2005).

Commission Recommendation 2000/473/EURATOM 
(European Commission, 2000) on the application 
of Article 36 of the EURATOM treaty gives specific 
guidance on the monitoring of the levels of 
radioactivity in the environment for the purpose of 
assessing the exposure of the population as a whole. 
This Recommendation gives specific guidance as 
to the structure of monitoring networks, the media 
that should be sampled, the types of measurement, 
the radionuclides to be monitored and the sampling 
frequencies.

 
 
 
Oslo Paris Convention

The Oslo Paris (OSPAR) Convention sets out a 
framework for international cooperation on the 
protection of the marine environment of the North-
East Atlantic. OSPAR (OSPAR, 2012) aims to achieve 
further reductions in artificial radioactivity levels in the 
marine environment through the implementation of 
the OSPAR Radioactive Substances Strategy. Countries 
that are signatories to the Strategy are committed to 
progressive and substantial reductions in radioactive 
discharges from their facilities. An essential part of 
the Strategy is an effective monitoring programme 
for concentrations of radioactive substances in the 
marine environment so that progress towards the 
OSPAR aims can be measured. This is achieved through 
collaboration between the signatory countries in 
regular monitoring and assessment of radioactivity 
in the marine environment. On behalf of Ireland, RPII 
provides data annually to OSPAR from its marine 
monitoring programme. 

Drinking Water Directive

Council Directive 98/83/EC (European Communities, 
1998b) on the quality of water intended for human 
consumption (known as the Drinking Water Directive) 
seeks to protect human health from the adverse 
effects of any contamination of water intended for 
human consumption, and it sets out limit values for 
microbiological, chemical and radioactivity parameters. 
The protocol that RPII follows for assessing compliance 
with this Directive is set out in Appendix 1.

Quality assurance and results

The RPII places a strong emphasis on quality assurance 
and on the reliability of data. Best practice is ensured 
by accreditation of test procedures to International 
Standard ISO/IEC 17025 through the Irish National 
Accreditation Board (INAB, 2012). Analytical techniques 
are validated both through exchange of samples with 
other laboratories and through analysis of certified 
reference materials for proficiency testing. Details 
regarding the analytical techniques used by RPII are 
given in Table 3. 
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The RPII’s laboratory participates in an active 
programme of intercomparison exercises, which 
provide independent evaluation of the quality and 
robustness of analyses. During 2010 and 2011, these 
included exercises organised by the International 
Atomic Energy Agency, the UK’s National Physical 
Laboratory, the European Commission’s Joint Research 
Centre and LGC Standards (a commercial company in 
the UK).

All results quoted are decay corrected to the date of 
sampling, while bulked samples are decay corrected to 
the middle of the bulking period. Because of variability 
in moisture content, seaweed samples are quoted on 
a dry weight basis while all other solid marine samples 
are quoted on a fresh weight basis. Typical detection 
limits and uncertainties for each analytical technique 
are detailed in Table 3. Uncertainties are calculated in 
accordance with the ISO Guide to the Expression of 
Uncertainty in Measurement (ISO, 1995) and quoted as 
standard uncertainty values. Where calculated, mean 
activity concentrations relate to samples with activities 
above the limit of detection.
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Table 3: Analytical techniques used in the determination of radionuclide concentrations

  Measurements Sample types Analytical techniques Typical minimum Typical counting

   detectable activities uncertainties (k=1)

  Gamma emitting Foodstuffs High resolution gamma 0.5 Bq/kg 15%

  radionuclides Air filters spectrometry using high (24 hour count) 

 (high-volume) purity germanium detectors 1 x 10-7 Bq/m3 15%

 Air filters  (7 day count)

 (low-volume,  1.5 x 10-5 Bq/m3 20%

 offline)  (24 hour count)

 Milk  0.3 Bq/kg 15%

   (24 hour count)   

  Sr-90 Milk Radiochemical separation 0.02 Bq/l (100 40%  

  followed by liquid minute count)   

  scintillation counting     

  Total beta activity Air filters Gas flow proportional 0.05 mBq/m3 10%  

  counting (2 hour count)  

  Total alpha activity Drinking water Evaporation and gas flow 5 mBq/l  40%  

  and total beta  proportional counting (24 hour count)   

  activity   5 mBq/l 30%  

   (24 hour count) 

  Gamma dose rate Ambient Continuous monitoring 10 nSv/h 15% (Cs-137)

  station    

  Gamma emitting Fish, shellfish High resolution gamma 1.0 Bq/kg (I-131) 15% or better 

  radionuclides and seaweed spectrometry using high 0.3 Bq/kg (Cs-137)    

  purity germanium detectors    

  Cs-137 Seawater Radiochemical separation 0.8 mBq/l 12% or better 

  techniques in accordance     

  with the method described     

  by Baker (1975) followed by     

  high resolution gamma     

  spectrometry     

  Tc-99 Fish, shellfish, Radiochemical separation 0.1 Bq/kg 30% or better 

 seaweed and techniques in accordance  for fish  

 seawater with the method described  10% or better 

  by Harvey et al. (1991)  for remainder 

  followed by beta     

  spectrometry using a gas     

  flow proportional counter     

  Pu-238, Fish and Radiochemical separation 0.001 Bq/kg 15% or better 

  Pu-239,240 shellfish techniques followed by     

  alpha spectrometry using     

  the method described by     

  Luisier et al. (2009)



The permanent monitoring 
station network

The RPII continuously assesses the level of radioactivity 
in the environment at a network of permanent 
monitoring stations located throughout the country. It 
does this by collecting aerosol and rainwater samples 
and measuring the ambient gamma dose rate at the 
stations. The geographical distribution of the stations  

 

 

 
means that any environmental contamination can 
be quickly assessed across the whole country in the 
event of a radiological emergency – a core objective of 
the RPII’s monitoring programme. The location of the 
stations is set out in Figure 4 and the measurements 
taken at each are listed in Table 4.

Clonskeagh
Bel�eld

Casement

Dublin Airport

Glasnevin

Belmullet

Malin Head

Knock Airport

Birr

Shannon Airport

Cahirciveen Cork Airport

Kilmeadan
Rosslare

Coolgreany
Ballyrichard

Dundalk
Drogheda

Kiltrough

Dublin

Clones

Figure 4: Permanent monitoring network for radioactivity measurement, 2010–2011
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Table 4. Permanent monitoring network, 2010–2011

Notes: a High-volume aerosol sampler. b Online aerosol sampler. c Both offline and online aerosol samplers.

Airborne radioactivity

The RPII’s air sampling network includes both online 
and offline aerosol samplers. With the online system, 
radioactivity is measured on the air filter at the site and 
the data is relayed directly to a central computer in the 
RPII offices in Clonskeagh. With the offline system, the 
filters are transported to Clonskeagh for laboratory 
analysis. The online systems automatically correct 
for the natural radiation component due to radon 
daughters so that the readings transmitted back to  
RPII are a direct estimate of the concentrations 

of airborne artificial radionuclides. While the online 
samplers provide instant results, their sensitivity is 
lower than what can be achieved by analysis of filters 
in a laboratory. The network includes one high-volume 
particulate sampler that allows ambient background 
levels of radioactivity in air to be measured. In 2007, the 
RPII upgraded its low-volume air sampling stations, and 
the network now includes four online and seven offline 
stations.

 Sampling location  Sample types 

 External gamma  Airborne particulates Rainwater
 dose rate  

 Ballyrichard, Co. Wicklow •  

 Belfield, Co. Dublin  •a 

 Belmullet, Co. Mayo    • 

 Birr, Co. Offaly •   • 

 Cahirciveen, Co. Kerry • • • 

 Casement, Co. Dublin •  • 

 Clones, Co. Monaghan •  • 

 Clonskeagh, Co. Dublin • •c  • 

 Coolgreany, Co. Wexford •  

 Cork Airport, Co. Cork • •  • 

 Drogheda Co. Louth  •b 

 Dublin Airport, Co. Dublin   • 

 Dundalk, Co. Louth (2 sites) • •b 

 Glasnevin, Co. Dublin  • 

 Kilmeadan, Co. Waterford • •b 

 Kiltrough, Co. Meath •  

 Knock Airport, Co. Mayo • • 

 Malin Head, Co. Donegal •  • 

 Rosslare, Co. Wexford • •  • 

 Shannon Airport, Co. Clare • •  • 
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Radioactivity in airborne particulates 
(low-volume)

The process for monitoring airborne radioactivity  
at low-volume offline samplers has the following 
monthly cycle: 

1.  Air is sampled continuously at each station. 
Airborne particulates are collected over a period 
of approximately one week. This is done by using 
a pump to draw air continuously through a glass 
microfibre filter with a diameter of 47 mm*. The 
volume of air sampled ranges between 600m3 and 
900m3.

2. The filters are replaced approximately once a week. 
Used filters are transported to the RPII laboratory in 
Dublin and stored in a dust-free environment.

3. One filter from each monitoring station is analysed 
for gross beta activity and for the gamma-emitting 
radionuclides caesium-137 and beryllium-7 each 
month. The filters are held for five days before 
analysis – this ensures that any short-lived naturally 
occurring radionuclides such as bismuth-214 and 
lead-214 have decayed below detectable levels and 
do not present in the analysis.

4. The other filters are archived so that they may be 
analysed at a later date, if required. As part of the 
RPII’s response to the Fukushima nuclear accident, 
additional filters were analysed for the samplers 
in Cahirciveen, Cork Airport, Glasnevin and Knock 
Airport from late March until the end of May 2011.

The activity concentrations in low-volume airborne 
particulates measured at the offline monitoring 
stations are presented in Tables 5a–5g. Airborne 
caesium-137 concentrations arise primarily from 
residual weapons fallout and aerial discharges from 
Sellafield and other reactors in the UK and across 
Europe, while beryllium-7 is a naturally occurring 
radionuclide and is measured for quality control 
purposes.

In general in 2010 and 2011, the overall levels of 
radioactivity in air at these stations, as measured by 
the gross beta activity concentrations, were consistent 
with the pattern of background radioactivity reported 
in previous years (McGinnity et al., 2010). Trace levels 
of caesium-137 attributable to the Fukushima nuclear 
accident were detected at all operating samplers 
during the period March to May 2011. Trace levels of 
caesium-134 and iodine-131 from Fukushima were also 
detected during this period. These results have been 
reported by McGinnity et al. (2012).

Data for continuous online gross alpha and beta 
radioactivity in air measurements were collected at 
Clonskeagh in Dublin, Drogheda and Dundalk in Co. 
Louth and at Kilmeaden in Co. Waterford. No airborne 
artificial radioactivity was detected at any of the online 
stations during 2010 and 2011.

* On occasions when radioiodine is expected to be detected, the RPII’s offline low volume air samplers allow   
 for the insertion of activated charcoal filters in addition to the normal particulate filters. Activated charcoal   
 has a high affinity for retention of the gaseous form of iodine. During the RPII’s response to Fukushima   
 gaseous iodine-131 was detected in activated charcoal filters in low volume samplers (McGinnity et al., 2012).
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Table 5a. Radioactivity in airborne particulates (low-volume), Cahirciveen, 2010–2011

Notes: nd = not detected (the sample was analysed but the activity concentration of this radionuclide was below 
the limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air and charcoal filters from this location in March and April 2011. These results have been reported by 
McGinnity et al. (2012).

    Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

 2010  

7-Jan 14-Jan 1.2 x 10-4 nd 1.6 x 10-3

4-Feb 11-Feb 2.0 x 10-4 nd 3.7 x 10-3

4-Mar 11-Mar 2.2 x 10-4 nd 3.8 x 10-3

1-Apr 8-Apr 1.1 x 10-4 nd 3.7 x 10-3

6-May 13-May 3.0 x 10-4 nd 4.6 x 10-3

3-Jun 10-Jun 1.5 x 10-4 nd 2.3 x 10-3

1-Jul 8-Jul 0.9 x 10-4 nd 2.0 x 10-3

5-Aug 12-Aug 0.8 x 10-4 nd 1.6 x 10-3

2-Sep 9-Sep 1.8 x 10-4 nd 2.2 x 10-3

7-Oct 14-Oct 6.5 x 10-4 nd 5.0 x 10-3

4-Nov 11-Nov 0.8 x 10-4 nd 2.3 x 10-3

2-Dec 9-Dec 1.3 x 10-4 nd 1.6 x 10-3

  2011

6-Jan 13-Jan 0.9 x 10-4 nd 2.0 x 10-3

3-Feb 10-Feb 1.1 x 10-4 nd 2.0 x 10-3

3-Mar 10-Mar 3.0 x 10-4 nd 3.7 x 10-3

10-Mar 17-Mar - nd 2.2 x 10-3

17-Mar 24-Mar - nd 3.3 x 10-3

24-Mar 31-Mar - 6.6 x 10-5 2.2 x 10-3

31-Mar 7-Apr - 5.3 x 10-5 2.7 x 10-3

7-Apr 14-Apr 2.2 x 10-4 nd 2.5 x 10-3

14-Apr 21-Apr - nd 3.9 x 10-3

21-Apr 28-Apr - nd 3.8 x 10-3

28-Apr 5-May - nd 4.2 x 10-3

5-May 12-May 1.7 x 10-4 nd 2.7 x 10-3

12-May 19-May - nd 3.0 x 10-3

19-May 26-May - nd 3.0 x 10-3

26-May 2-Jun - nd 3.3 x 10-3

2-Jun 9-Jun 1.6 x 10-4 nd 2.9 x 10-3

7-Jul 14-Jul 1.3 x 10-4 nd 1.9 x 10-3

4-Aug 11-Aug 0.9 x 10-4 nd 1.7 x 10-3

1-Sep 8-Sep 1.3 x 10-4 nd 2.5 x 10-3

6-Oct 13-Oct 2.6 x 10-4 nd 2.9 x 10-3

3-Nov 10-Nov 1.5 x 10-4 nd 3.2 x 10-3

1-Dec 8-Dec 1.1 x 10-4 nd 2.8 x 10-3



Table 5b. Radioactivity in airborne particulates (low-volume), Clonskeagh, 2010–2011

Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air filters from this location in April 2011. These results have been reported by McGinnity et al. (2012).
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 Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

  2010  

4-Jan 11-Jan 2.9 x 10-4 nd 3.6 x 10-3

1-Feb 8-Feb 1.9 x 10-4 nd 3.5 x 10-3

1-Mar 8-Mar 1.5 x 10-4 nd 2.8 x 10-3

7-Apr 12-Apr 2.3 x 10-4 nd 2.6 x 10-3

10-May 17-May 2.2 x 10-4 nd 3.7 x 10-3

8-Jun 15-Jun 1.3 x 10-4 nd 2.6 x 10-3

5-Jul 12-Jul 1.1 x 10-4 nd 2.3 x 10-3

3-Aug 9-Aug 1.3 x 10-4 nd 2.2 x 10-3

6-Sep 13-Sep 1.8 x 10-4 nd 2.0 x 10-3

4-Oct 11-Oct 2.9 x 10-4 nd 2.5 x 10-3

1-Nov 8-Nov 1.4 x 10-4 nd 3.4 x 10-3

6-Dec 14-Dec 1.1 x 10-4 nd 1.2 x 10-3

  2011

4-Jan 10-Jan 1.6 x 10-4 nd 4.3 x 10-3

7-Feb 14-Feb 1.2 x 10-4 nd 2.2 x 10-3

7-Mar 14-Mar 2.3 x 10-4 nd 3.4 x 10-3

4-Apr 11-Apr 3.7 x 10-4 6.3 x 10-5 4.7 x 10-3

3-May 10-May 3.1 x 10-4 nd 3.9 x 10-3

7-Jun 13-Jun 1.0 x 10-4 nd 2.1 x 10-3

4-Jul 11-Jul 1.4 x 10-4 nd 1.9 x 10-3

2-Aug 9-Aug 1.4 x 10-4 nd 2.1 x 10-3

7-Sep 14-Sep 1.0 x 10-4 nd 1.9 x 10-3

5-Oct 17-Oct 1.7 x 10-4 nd 2.3 x 10-3

4-Nov 10-Nov 2.8 x 10-4 nd 2.7 x 10-3

2-Dec 12-Dec 0.9 x 10-4 nd 3.2 x 10-3



Table 5c. Radioactivity in airborne particulates (low-volume), Cork Airport, 2010–2011

Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air and charcoal filters from this location in April 2011. These results have been reported by McGinnity 
et al. (2012).

 Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

  2010  

1-Jan 8-Jan 3.0 x 10-4 nd 2.9 x 10-3

5-Feb 12-Feb 3.3 x 10-4 nd 4.5 x 10-3

5-Mar 12-Mar 3.0 x 10-4 nd 5.0 x 10-3

2-Apr 9-Apr 1.7 x 10-4 nd 4.1 x 10-3

7-May 14-May 4.1 x 10-4 nd 7.0 x 10-3

18-Jun 25-Jun 2.8 x 10-4 nd 4.3 x 10-3

9-Jul 16-Jul 1.6 x 10-4 nd 3.4 x 10-3

6-Aug 13-Aug 1.0 x 10-4 nd 2.1 x 10-3

3-Sep 10-Sep 2.5 x 10-4 nd 2.5 x 10-3

1-Oct 8-Oct 1.6 x 10-4 nd 2.7 x 10-3

5-Nov 12-Nov 1.3 x 10-4 nd 3.7 x 10-3

3-Dec 10-Dec 2.1 x 10-4 nd 2.0 x 10-3

  2011

7-Jan 14-Jan 1.1 x 10-4 nd 2.1 x 10-3

4-Feb 11-Feb 1.7 x 10-4 nd 2.3 x 10-3

4-Mar 11-Mar 2.9 x 10-4 nd 3.6 x 10-3

1-Apr 8-Apr 2.5 x 10-4 16.4 x 10-5 2.3 x 10-3

8-Apr 15-Apr - 9.4 x 10-5 3.6 x 10-3

6-May 13-May 2.4 x 10-4 nd 3.3 x 10-3

3-Jun 10-Jun 2.1 x 10-4 nd 3.7 x 10-3

1-Jul 8-Jul 2.0 x 10-4 nd 3.4 x 10-3

5-Aug 12-Aug 1.0 x 10-4 nd 2.1 x 10-3

2-Sep 9-Sep 1.1 x 10-4 nd 1.4 x 10-3

7-Oct 14-Oct 3.3 x 10-4 nd 3.5 x 10-3

4-Nov 11-Nov 2.8 x 10-4 nd 3.1 x 10-3

2-Dec 9-Dec 2.0 x 10-4 nd 3.9 x 10-3
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Table 5d. Radioactivity in airborne particulates (low-volume), Glasnevin, 2010–2011

Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air and charcoal filters from this location during the period March to May 2011. These results have been 
reported by McGinnity et al. (2012).

 Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

  2010  

6-Jan 13-Jan 2.2 x 10-4 nd 1.2 x 10-3

3-Feb 10-Feb 2.0 x 10-4 nd 2.5 x 10-3

3-Mar 10-Mar 2.7 x 10-4 nd 3.1 x 10-3

3-Mar 10-Mar 2.8 x 10-4 nd 3.1 x 10-3

7-Apr 14-Apr 2.4 x 10-4 nd 3.5 x 10-3

5-May 12-May 1.8 x 10-4 nd 3.5 x 10-3

2-Jun 9-Jun 1.5 x 10-4 nd 2.5 x 10-3

7-Jul 14-Jul 1.1 x 10-4 nd 3.2 x 10-3

4-Aug 11-Aug 3.4 x 10-4 nd 1.9 x 10-3

1-Sep 8-Sep 5.5 x 10-4 nd 4.1 x 10-3

6-Oct 13-Oct 1.3 x 10-4 nd 4.2 x 10-3

3-Nov 10-Nov 1.5 x 10-4 nd 2.8 x 10-3

1-Dec 8-Dec 1.1 x 10-4 nd 1.7 x 10-3

  2011

5-Jan 12-Jan 1.3 x 10-4 nd 2.6 x 10-3

2-Feb 9-Feb - nd 2.1 x 10-3

2-Mar 9-Mar - nd 3.0 x 10-3

9-Mar 16-Mar 2.1 x 10-4 nd 2.3 x 10-3

16-Mar 23-Mar - nd 3.6 x 10-3

23-Mar 30-Mar - nd 4.1 x 10-3

30-Mar 6-Apr - 9.7 x 10-5 4.1 x 10-3

6-Apr 13-Apr 5.2 x 10-4 7.3 x 10-5 5.3 x 10-3

13-Apr 20-Apr - nd 3.5 x 10-3

20-Apr 27-Apr - nd 5.0 x 10-3

27-Apr 4-May - 3.9 x 10-5 6.7 x 10-3

4-May 11-May 4.1 x 10-4 nd 3.8 x 10-3

11-May 18-May - nd 4.0 x 10-3

18-May 25-May - nd 4.4 x 10-3

25-May 1-Jun - nd 4.2 x 10-3

1-Jun 8-Jun 1.6 x 10-4 nd 2.9 x 10-3

6-Jul 13-Jul 1.2 x 10-4 nd 1.7 x 10-3

3-Aug 10-Aug 1.1 x 10-4 nd 2.1 x 10-3

7-Sep 14-Sep 1.1 x 10-4 nd 2.0 x 10-3

5-Oct 12-Oct 2.1 x 10-4 nd 2.6 x 10-3

2-Nov 9-Nov 2.8 x 10-4 nd 2.3 x 10-3

7-Dec 14-Dec 0.7 x 10-4 nd 2.9 x 10-3



17

Table 5e. Radioactivity in airborne particulates (low-volume), Knock Airport, 2010–2011

Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air and charcoal filters from this location during the period March to May 2011. These results have 
been reported by McGinnity et al. (2012).

 Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

  2010  

4-Jan 11-Jan 1.3 x 10-4 nd 1.4 x 10-3

1-Feb 8-Feb 1.2 x 10-4 nd 1.7 x 10-3

1-Mar 8-Mar 2.1 x 10-4 nd 3.1 x 10-3

5-Apr 12-Apr 2.3 x 10-4 nd 5.6 x 10-3

3-May 10-May 2.7 x 10-4 nd 5.1 x 10-3

7-Jun 14-Jun 1.4 x 10-4 nd 2.6 x 10-3

5-Jul 12-Jul 0.9 x 10-4 nd 1.8 x 10-3

2-Aug 9-Aug 1.3 x 10-4 nd 1.2 x 10-3

6-Sep 13-Sep 1.4 x 10-4 nd 1.6 x 10-3

4-Oct 11-Oct 4.3 x 10-4 nd 3.5 x 10-3

1-Nov 8-Nov 1.0 x 10-4 nd 1.9 x 10-3

6-Dec 13-Dec 1.3 x 10-4 nd 2.0 x 10-3

  2011

3-Jan 11-Jan 1.1 x 10-4 nd 1.5 x 10-3

7-Feb 14-Feb 0.8 x 10-4 nd 1.9 x 10-3

7-Mar 14-Mar 1.3 x 10-4 nd 1.4 x 10-3

14-Mar 21-Mar - nd 2.5 x 10-3

21-Mar 28-Mar - 3.5 x 10-5 4.4 x 10-3

28-Mar 4-Apr - 10.6 x 10-5 3.0 x 10-3

4-Apr 11-Apr 3.2 x 10-4 9.3 x 10-5 3.7 x 10-3

11-Apr 18-Apr - 3.4 x 10-5 3.9 x 10-3

18-Apr 25-Apr - nd 4.3 x 10-3

25-Apr 2-May - nd 5.2 x 10-3

2-May 9-May 3.4 x 10-4 nd 4.2 x 10-3

9-May 16-May - nd 3.2 x 10-3

16-May 23-May - nd 3.2 x 10-3

23-May 30-May - nd 3.5 x 10-3

6-Jun 13-Jun 1.3 x 10-4 nd 2.4 x 10-3

4-Jul 11-Jul 1.0 x 10-4 nd 1.5 x 10-3

1-Aug 8-Aug 1.2 x 10-4 nd 2.2 x 10-3

5-Sep 12-Sep 0.9 x 10-4 nd 0.9 x 10-3

3-Oct 10-Oct 1.2 x 10-4 nd 1.6 x 10-3

7-Nov 14-Nov 4.2 x 10-4 nd 2.7 x 10-3

5-Dec 12-Dec 0.7 x 10-4 nd 2.4 x 10-3



Table 5f. Radioactivity in airborne particulates (low-volume), Rosslare, 2010

Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). This system was taken out of service in January 2011.

 Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

  2010  

7-Jan 21-Jan 1.0 x 10-4 nd 1.4 x 10-3

4-Feb 11-Feb 2.5 x 10-4 nd 3.8 x 10-3

4-Mar 24-Mar 1.9 x 10-4 nd 3.6 x 10-3

1-Apr 8-Apr 1.0 x 10-4 nd 3.0 x 10-3

6-May 13-May 2.5 x 10-4 nd 4.5 x 10-3

18-Jun 24-Jun 2.4 x 10-4 nd 3.9 x 10-3

2-Jul 8-Jul 0.9 x 10-4 nd 2.1 x 10-3

6-Aug 12-Aug 1.4 x 10-4 nd 2.3 x 10-3

2-Sep 9-Sep 2.6 x 10-4 nd 2.1 x 10-3

7-Oct 14-Oct 4.3 x 10-4 nd 3.3 x 10-3

4-Nov 11-Nov 1.0 x 10-4 nd 2.2 x 10-3

9-Dec 16-Dec 1.4 x 10-4 nd 2.4 x 10-3
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Table 5g. Radioactivity in airborne particulates (low-volume), Shannon Airport, 2010–2011

Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air and charcoal filters from this location in April 2011. These results have been reported by McGinnity 
et al. (2012).

 Sampling period Activity concentration in air (Bq/m3)
Start date End date Gross beta Cs-137 Be-7

  2010  

7-Jan 21-Jan 1.6 x 10-4 nd 2.3 x 10-3

4-Feb 11-Feb 3.0 x 10-4 nd 4.6 x 10-3

4-Mar 11-Mar 3.9 x 10-4 nd 4.6 x 10-3

1-Apr 8-Apr 1.8 x 10-4 nd 4.3 x 10-3

6-May 13-May 4.3 x 10-4 nd 7.0 x 10-3

3-Jun 10-Jun 2.5 x 10-4 nd 3.5 x 10-3

1-Jul 8-Jul 1.7 x 10-4 nd 3.0 x 10-3

5-Aug 12-Aug 1.4 x 10-4 nd 2.8 x 10-3

2-Sep 9-Sep 3.2 x 10-4 nd 4.0 x 10-3

7-Oct 14-Oct 8.8 x 10-4 nd 4.3 x 10-3

4-Nov 13-Nov 1.1 x 10-4 nd 2.6 x 10-3

2-Dec 9-Dec 2.1 x 10-4 nd 1.5 x 10-3

  2011

6-Jan 13-Jan 1.2 x 10-4 nd 2.1 x 10-3

3-Feb 10-Feb 1.2 x 10-4 nd 1.7 x 10-3

3-Mar 17-Mar 1.9 x 10-4 nd 2.6 x 10-3

7-Apr 14-Apr 3.6 x 10-4 4.7 x 10-5 4.0 x 10-3

5-May 12-May 2.6 x 10-4 nd 4.3 x 10-3

2-Jun 9-Jun 2.4 x 10-4 nd 4.3 x 10-3

7-Jul 14-Jul 2.9 x 10-4 nd 3.7 x 10-3

4-Aug 11-Aug 1.4 x 10-4 nd 2.1 x 10-3

1-Sep 8-Sep 1.8 x 10-4 nd 3.0 x 10-3

6-Oct 13-Oct 3.3 x 10-4 nd 3.8 x 10-3

3-Nov 10-Nov 2.0 x 10-4 nd 2.8 x 10-3

1-Dec 8-Dec 1.5 x 10-4 nd 3.4 x 10-3

Radioactivity in airborne particulates 
(high-volume)

High-volume particulate samples were collected at 
Belfield (Dublin) during 2010 and 2011 over a sampling 
period of approximately four weeks per filter with a 
typical airflow rate of between 500 and 2,700 m3/h.  
As part of the RPII’s response to the Fukushima nuclear 
accident, the filters were analysed more frequently: 
every one or two days from late March to early April 
2011; and weekly from that point until the end of May 
2011 at which time sampling reverted to the normal 
four week period.

 
 

The filters were analysed by high-resolution gamma 
spectrometry, and the activity concentrations of 
caesium-137 and beryllium-7 that were found are 
given in Table 6. In general, the data were consistent 
with measurements made in previous years and with 
expected concentrations arising from global circulation 
of weapons test fallout (European Commission, 
2005). Elevated levels of caesium-137 (and other 
radionuclides including caesium-134 and iodine-131) 
consistent with those expected from the Fukushima 
nuclear accident were detected during the period 
late March to early May 2011. Detailed results of the 
sampling and analysis undertaken in response to the 
Fukushima nuclear accident have been reported by 
McGinnity et al. (2012).
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Notes: nd = not detected (sample was analysed but the activity concentration of this radionuclide was below the 
limit of detection). Trace levels of additional radionuclides attributable to the Fukushima nuclear accident were 
detected in air filters from this location during the period March to May 2011. These results have been reported  
by McGinnity et al. (2012).

Table 6: Radioactivity in airborne particulates (high-volume), Belfield (Dublin), 2010–2011

                       Sampling period                 Activity concentration in air (Bq/m3)
Start date End date Cs-137 Be-7

   2010  

2 Dec 25 Jan   4.5 x 10-7 2.2 x 10-3

25 Jan 2 Mar 12.8 x 10-7 2.6 x 10-3

2 Mar 31 Mar 17.6 x 10-7 4.0 x 10-3

31 Mar 28 Apr   6.3 x 10-7 2.9 x 10-3

31 May 29 Jun   4.8 x 10-7 2.4 x 10-3

29 Jun 28 Jul   1.5 x 10-7 2.4 x 10-3

28 Jul 7 Sep   1.1 x 10-7 2.1 x 10-3

7 Sep 28 Sep   0.8 x 10-7 1.8 x 10-3

28 Sep 3 Nov   2.0 x 10-7 1.0 x 10-3

3 Nov 29 Nov   9.8 x 10-7 2.4 x 10-3

29 Nov 4 Jan   6.9 x 10-7 1.5 x 10-3

  Mean   6.2 x 10-7 2.3 x 10-3

   2011

4 Jan  31 Jan   6.1 x 10-7 1.5 x 10-3

31 Jan 1 Mar   2.8 x 10-7 1.4 x 10-3

1 Mar 22 Mar 10.5 x 10-7 4.1 x 10-3

22 Mar 24 Mar nd 3.8 x 10-3

26 Mar 27 Mar nd 5.6 x 10-3

27 Mar 28 Mar   90 x 10-7 3.3 x 10-3

28 Mar 30 Mar 399 x 10-7 2.9 x 10-3

30 Mar 1 Apr 1060 x 10-7 v 3.1 x 10-3

  Mean (Mar) 390 x 10-7 3.8 x 10-3

1 Apr 3 Apr 452 x 10-7 2.3 x 10-3

3 Apr 5 Apr 1380 x 10-7 v 2.5 x 10-

5 Apr 7 Apr 256 x 10-7 3.3 x 10-3

7 Apr 9 Apr 1160 x 10-7 v 3.5 x 10-3

9 Apr 11 Apr 640 x 10-7 6.9 x 10-3

11 Apr 18 Apr 117 x 10-7 1.7 x 10-3

18 Apr 25 Apr 112 x 10-7 5.3 x 10-3

25 Apr 2 May 283 x 10-7 5.5 x 10-3

  Mean (Apr) 550 x 10-7 3.9 x 10-3

2 May 9 May   51 x 10-7 3.6 x 10-3

9 May 16 May   15 x 10-7 2.4 x 10-3

16 May 24 May   8.2 x 10-7 2.0 x 10-3

24 May 30 May   7.2 x 10-7 2.9 x 10-3

  Mean (May) 20.4 x 10-7  2.7 x 10-3

30 May 29 Jun   2.2 x 10-7 1.9 x 10-3

29 Jun 25 Jul   1.2 x 10-7 1.9 x 10-3

5 Sep 3 Oct   1.0 x 10-7 1.7 x 10-3

3 Oct 7 Nov   2.7 x 10-7 1.7 x 10-3

7 Nov 5 Dec   2.5 x 10-7 3.4 x 10-3

  Mean (monthly values)  97.9 x 10-7 2.4 x 10-3
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Annual radiation doses due to inhalation of airborne 
caesium-137 in 2010 and 2011 (as measured in 
high-volume airborne particulates) were calculated 
from the mean annual activity concentrations of this 
radionuclide as set out in Table 6. Committed effective 
dose coefficients were taken from the Basic Safety 
Standards Directive (European Commission, 1996). 
A breathing rate of 22.2 m3/day of air was assumed 
(Smith and Simmonds, 2009). For 2010, this dose was 
calculated to be 2.0 x 10-4 μSv, which is similar to the 
values reported in recent years (see Table 7). For 2011, 
the figure was higher (30.9 x 10-4 μSv) as a result of 
elevated airborne levels of this radionuclide due to 
the Fukushima nuclear accident. Although, this is a 
higher dose than those reported in previous years, it 
nevertheless constitutes a radiologically insignificant 
exposure.

 

An assessment of the doses due to inhalation of 
Fukushima-sourced airborne iodine-131, caesium-134 
and caesium-137 (as measured in airborne particulates 
from the high volume sampler) and gaseous iodine-131 
(as measured in activated charcoal filters from the low 
volume samplers) was published in the RPII’s report on 
the impact of this accident on Ireland (McGinnity et 
al., 2012). This assessment assumed that the maximum 
activities measured for each radionuclide during the 
period following the accident at Fukushima persisted 
for the two-month period from mid-March to mid-May 
2011. Similar committed effective dose coefficients and 
breathing rates to those listed above were used. On 
this basis, the total inhalation doses as a result of the 
Fukushima accident were 0.13 μSv and 0.22 μSv to Irish 
adults and children respectively. These doses represent 
tiny additional components to the annual average dose 
from all sources of radioactivity and are radiologically 
insignificant.

Table 7. Annual committed effective doses due to inhalation of airborne caesium-137, 2003-2011

  Year Average Cs-137 activity Annual committed effective dose  
 concentration in air (Bq/m3)  (µSv) 

 2001/02  22.0 x 10-7 5.8 x 10-4

 2003  16.4 x 10-7 4.3 x 10-4

 2004    3.4 x 10-7 0.9 x 10-4

 2005    2.9 x 10-7 0.8 x 10-4

 2006    4.0 x 10-7 1.1 x 10-4

 2007    3.7 x 10-7 1.0 x 10-4

 2008    2.8 x 10-7 0.7 x 10-4

 2009    3.0 x 10-7 0.8 x 10-4

 2010    6.2 x 10-7 2.0 x 10-4

 2011  97.9 x 10-7 30.9 x 10-4cc

External gamma dose rate

External gamma dose rates were recorded every 
minute by a network of fifteen stations in 2010 and 
2011. These readings were automatically transmitted 
at intervals to the RPII’s database at its Clonskeagh 
office. This network is an important component of the 
RPII’s early warning arrangements for elevated levels 
of radioactivity in the atmosphere. Recent data from 
each station can be viewed on the RPII website (http://
www.rpii.ie/Monitoring-Stations.aspx). Each station 
has an alarm set that is triggered in the event of a high 
reading or a technical failure.

 
 
The minimum and maximum external gamma dose 
rate readings for each month, at each of the fifteen 
stations around Ireland, are presented in Table 8. The 
ranges were similar to those reported in previous years. 
No abnormally high readings were observed at any of 
the stations during 2010 and 2011. Even following the 
Fukushima nuclear accident, no elevated results were 
expected or were detected at these stations as the 
additional dose rate in Ireland from the radioactivity 
from Fukushima was extremely low and well within the 
normal variations in background levels.
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Table 8: External gamma dose rates (terrestrial), 2010

Notes: a The Cork Airport system was out of service in July 2010 due to GSM modem malfunction.  b The Cahirciveen 
system was out of service during the period October to December 2011. c The Clones system was removed from 
network in November2011.  d The Coolgreany system was added to the network in September 2011.

                              Monthly ranges (nSv/h)

 Location Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec

                         2010

 Ballyrichard 86-122 91-116 93-112 91-105 98-109 99-110 95-129 98-107 95-132 94-109 85-119 80-113

 Birr 67-87 68-84 66-80 66-76 66-75 68-83 66-81 67-74 67-83 67-80 68-82 66-82

 Cahirciveen 82-116 84-95 83-97 83-93 84-93 85-96 84-101 84-91 85-107 85-104 84-104 83-134

 Casement 72-95 76-97 75-87 73-82 73-82 72-84 73-91 74-85 73-98 75-86 74-104 67-87

 Clones 76-92 77-95 76-88 75-84 74-86 75-86 74-87 74-85 75-96 75-90 76-87 74-93

 Clonskeagh 113-134 115-132 112-127 110-123 109-123 110-125 112-128 113-124 113-133 113-131 114-134 109-127

 Cork Airporta 93-148 98-137 96-123 97-108 91-100 91-114 - 88-98 85-101 83-116 82-95 80-125

 Dundalk 100-125 102-125 101-112 99-111 102-119 103-119 102-118 104-113 101-134 103-117 100-125 94-127

 Kilmeadan 88-179 89-115 89-102 87-98 92-103 92-103 89-107 93-103 89-113 89-112 88-101 85-121

 Kiltrough 83-103 89-111 89-101 89-96 89-98 88-106 88-108 89-102 88-118 88-110 89-113 79-101

 Knock Airport 63-95 70-97 70-82 69-82 69-81 69-85 70-90 68-77 69-117 68-87 68-85 64-88

 Malin Head 71-90 71-108 71-89 71-79 71-79 72-83 72-88 71-86 71-124 72-82 71-91 66-87

 Rosslare 74-124 75-103 74-90 73-83 77-90 77-87 77-92 80-88 78-117 78-102 76-91 74-101

 Shannon Airport 79-103 82-95 80-90 79-89 81-93 82-94 81-93 81-91 81-96 81-91 81-95 80-92

                                  2011

 Ballyrichard 89-104 90-114 90-107 91-105 96-122 95-125 98-108 100-109 99-112 95-227 92-147 91-108

 Birr 66-78 67-79 66-77 66-75 67-77 65-77 65-81 66-76 64-84 65-104 66-91 66-78

 Cahirciveenb 83-96 83-97 82-94 83-95 83-112 82-92 84-94 83-90 83-96 - - -

 Casement 74-92 74-88 72-83 72-83 75-111 71-84 73-87 73-100 78-79 72-161 73-100 74-87

 Clonesc 75-84 74-89 74-85 73-83 74-87 72-85 72-82 73-86 73-86 73-93 - -

 Clonskeagh 115-130 114-131 111-123 111-125 114-129 112-130 113-125 114-129 115-126 114-193 115-140 114-128

 Coolgreanyd - - - - - - - - 101-113 101-166 100-166 101-113

 Cork Airport 79-95 80-102 81-92 81-96 83-121 84-96 86-96 86-98 82-110 81-129 81-134 80-99

 Dundalk 98-111 99-117 97-109 100-113 105-121 103-117 103-116 104-116 101-124 100-158 99-128 100-111

 Kilmeadan 88-106 86-112 86-97 87-100 89-106 89-103 89-105 94-102 89-106 88-116 87-118 86-103

 Kiltrough 86-103 88-101 87-96 87-99 89-103 88-108 89-103 91-105 92-104 90-91 87-113 87-98

 Knock Airport 67-82 69-91 68-81 68-82 69-85 68-80 68-84 68-88 69-88 68-118 69-120 69-84

 Malin Head 67-80 68-83 68-77 68-80 71-86 69-78 70-82 70-78 69-93 68-130 68-108 68-86

 Rosslare 73-92 74-97 74-96 75-87 78-91 76-89 76-89 78-87 79-94 76-114 79-80 73-91

 Shannon Airport 80-91 80-93 80-88 80-89 79-105 79-89 80-89 81-91 80-94 79-108 79-96 79-91
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Rainwater

Rainwater was collected continuously at eleven 
stations (as indicated in Table 4) so that, in the event 
of an accidental release of radioactivity into the 
atmosphere, concentrations in rainwater could quickly 
be assessed. In response to the Fukushima nuclear 
accident, rainwater samples from around Ireland from 
late March until late May 2011, where enough rain had 
fallen to provide an appropriate sample volume, were 
analysed by high resolution gamma spectrometry.  

 
 
Iodine-131 was detected in rainwater at trace levels  
at three stations Belmullet, Cahirciveen and Clonskeagh 
during the period late-March to early-April 2011. 
The highest activity concentration detected was 2.6 
Bq/l. Other measurements were below the limit of 
detection. Detailed results of this monitoring have 
been reported by McGinnity et al. (2012). There were no 
other incidents during 2010 or 2011 that warranted the 
analysis of rainwater samples.



Foodstuffs

The European Commission advises member states 
to carry out routine measurement of radioactivity 
in milk and mixed diet (European Commission, 
2000). In particular, it recommends measuring levels 
of caesium-137 and strontium-90 in milk, as these 
radionuclides may concentrate in milk in the event 
of an accidental release of radioactivity. Milk is also of 
particular importance as a foodstuff for infants and 
children. 

Measuring radioactivity in milk

Milk samples were taken monthly at four processing 
plants in different parts of the country, in counties 
Cavan, Cork, Dublin and Roscommon in 2010 and 
in Cork, Kilkenny, Monaghan and Roscommon in 
2011. Raw milk samples were bulked quarterly and 
analysed for strontium-90 and caesium-137 in line 
with the Commission’s recommendation – Table 9 
presents the results of these analyses for 2010 and 
2011. Potassium-40 (K-40) is a naturally occurring 
radionuclide and was measured for quality control 
purposes. In all cases where strontium-90 was 
detected, its activity concentration was below 1 Bq/l. 
Caesium-137 was detected on two occasions only. 
Because of the difference in analytical techniques, the 
detection limit for strontium-90 is lower than that for 
caesium-137 (see Table 3). 

The 2009 peer review of the RPII monitoring 
programme recommended that iodine-131 levels 
in milk should be monitored in addition to those for 
caesium-137 and strontium-90. As a result, starting in 
2011, monthly samples from a single processing plant 
in Kilkenny were analysed by gamma spectrometry 
prior to bulking and, as iodine-131 is a short-lived 
radionuclide, as soon as possible after the sample 
arrived at RPII. 

In response to the nuclear accident at Fukushima, the 
RPII increased the frequency of sampling and analysis 
of milk from the Kilkenny plant. Samples were collected 
on a daily basis from 24 March 2011. From 20 April, 
when measured activities had decreased significantly, 
samples were collected less frequently. Monthly 
sampling resumed at the end of May.

Monthly averages of caesium-137, iodine-131 and 
potassium-40 based on the sampling and analysis 
of milk from the Kilkenny plant during 2011 are 
presented in Table 10. Trace levels of caesium-137 
(and caesium-134) were detected in a number of 
samples during April 2011. Iodine-131 was consistently 
detected in daily samples from 2–13 April and from 16 
April. These results are consistent with those expected 
following the nuclear accident at Fukushima. During 
the rest of 2011, caesium-137 was detected on one 
occasion only and iodine-131 levels were below the 
limit of detection.
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3. Radioactivity in    
 foodstuffs and     
 drinking water



Table 10. Radioactivity in milk, Ballyragget, Co Kilkenny, 2011

 Sampling period   Activity concentration (Bq/l)
  Cs-137 I-131 K-40

 Jan  nd nd 47.4

 Feb  nd nd 52.3

 Mar  0.07 nd 49.6

 Apr  0.10 0.18 44.0

 May  nd nd 46.2

 Jun  nd nd 44.4

 Jul  nd nd 31.0

 Aug  nd nd 41.0

 Sep  nd nd 46.6

 Oct  nd nd 47.3

 Nov  0.09 nd 48.2

 Dec  nd nd 48.4

Notes: nd = not detected (the sample was analysed but levels were below the limit of detection). In response to the 
Fukushima nuclear accident, the RPII increased the frequency of sampling and analysis of milk from this location 
during the period March to May 2011. Trace levels of caesium-134, caesium-137, and iodine-131 from Fukushima 
were detected. Detailed results of this monitoring have been reported by McGinnity et al. (2012).

Notes: nd = not detected (the sample was analysed but levels were below the limit of detection).

Table 9. Radioactivity in milk, 2010–2011 

 County                            Activity concentration (Bq/l)

 Sr-90 Cs-137 K-40 Sr-90 Cs-137 K-40 Sr-90 Cs-137 K-40 Sr-90 Cs-137 K-40 

  Jan-Mar                             Apr-Jun   Jul-Sep  Oct-Dec

                               2010

 Cavan nd nd 41.7 nd nd 48.2 nd nd 52.1 nd nd 52.3

 Cork nd nd 43.9 nd nd 56.1 nd nd 54.8 nd nd 47.6

 Dublin nd nd 46.7 nd nd 53.8 nd nd 42.9 nd nd 43.1

 Roscommon nd nd 49.5 nd 0.08 52.8 nd nd 45.9 nd nd 49.4

                               2011

 Cork nd nd 46.9 0.038 0.09 56.2 nd nd 44.0 0.045 nd 46.9

 Kilkenny 0.098 - - nd - - 0.047 - - 0.036 - -

 Monaghan 0.039 nd 52.8 nd nd 42.1 0.042 nd 50.7 0.030 nd 44.7

 Roscommon 0.051 nd 49.9 nd nd 46.4 nd nd 50.2 nd nd 47.4
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Annual committed effective doses to infants and adults 
from the consumption of milk were estimated for 
strontium-90 and caesium-137. Doses were calculated 
using the mean of measured activity concentrations 
for these radionuclides (Tables 9 and 10). Ingestion 
dose coefficients for adults and infants were taken 
from the Basic Safety Standards Directive (European 
Commission, 1996) (Table 11) and typical milk 
consumption rates were obtained from two sources: 

the North/South Ireland Food Consumption Survey 
(NSIFCS, 2001) was used for adults while the 1993 
UNSCEAR report on the Sources and Effects of Ionizing 
Radiation (UNSCEAR, 1993) was used for infants. Based 
on these, the mean full-milk consumption for an 
adult male and an infant in Ireland is 178 kg/year and 
120 kg/year respectively. In calculating the dose for 
strontium-90 it is assumed that its daughter product 
yttrium-90 is in equilibrium. 

Table 11. Ingestion dose coefficients for radionuclides detected in milk

 Radionuclide Category Dose coefficient (Sv/Bq) 

 Cs-137 Infant 2.1 x 10-8

 Adult 1.3 x 10-8

 Sr-90 Infant 2.3 x 10-7

 Adult 2.8 x 10-8

 Y-90 Infant 3.1 x 10-8

 Adult 2.7 × 10-9

Source: European Commission (1996).
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The calculated dose for consumption of milk is 
dominated by strontium-90, as shown in Table 12. 
Doses to infants from strontium-90 were estimated 
to be 1.16 μSv in 2010 and 1.35 μSv in 2011. The 
contribution from caesium-137 was not significantly 
influenced by the nuclear accident at Fukushima. 

An assessment of the doses received from the 
consumption of milk containing Fukushima-sourced 
iodine-131, caesium-134 and caesium-137 was 
published in the RPII’s report on the impact of this 

accident on Ireland (McGinnity et al., 2012). This 
assessment assumed that the maximum activities 
measured for each radionuclide during the period 
following the accident at Fukushima persisted for the 
two-month period from mid-March to mid-May 2011. 
Similar committed effective dose coefficients and 
consumption rates to those listed above were used. The 
estimated total doses - 0.13 μSv and 0.32 μSv for adults 
and children respectively for the period assessed - are 
radiologically insignificant.



Measuring radioactivity  
in mixed diet foodstuffs

In 2010, five complete meals (mixed diet) from 
restaurant facilities in Dublin and Drogheda Co. Louth 
were sampled and analysed for gamma-emitting 
radionuclides. 

A recommendation of the 2009 peer review of the 
RPII monitoring programme was that, on the basis 
that modern food distribution networks are extensive 
and that regional variations regarding consumption 
in Ireland are not significant, it would be better to 
monitor mixed diet at a single location but at a higher 
sampling frequency. As a result, in 2011, complete 
meals from a restaurant facility in Dublin were sampled 
and analysed on an approximately monthly basis. 

The maximum caesium-137 concentrations measured 
in these mixed diet samples during 2010 and 2011 
are presented in Table 13. All other radionuclides were 
below the limit of detection. 

In conjunction with the Department of Agriculture, 
Food and the Marine, the RPII sampled and screened 
grain samples from various locations nationwide for 
gamma-emitting radionuclides. As shown in Table 13, 
all activities in these samples were below the limit of 
detection in 2010 and 2011.

On request, the RPII provides a service to test and 
certify the radioactivity of Irish produce which 
may be required by producers exporting to certain 
markets outside of the EU. Certificates of Radioactivity 
Measurement are issued on the basis of both individual 
sample results for the product concerned and the 
national monitoring programme. In 2010 and 2011, a 
range of meat, dairy and processed food products were 
screened for gamma-emitting radionuclides as part 
of the product certification programme – 584 in 2010 
and 560 in 2011. Just one activity concentration was 
measured: a lamb sample from July 2011 contained 3.9 
Bq/kg of Cs-137.

Table 12. Annual committed effective dose from radionuclides in milk, 2010–2011

 Radionuclide Category Average activity Annual committed 

   concentration (Bq/l)  effective dose (µSv)

    2010

 Cs-137 Infant 0.08 0.20

  Adult  0.18

 Sr-90  Infant 0.04 1.16

  Adult  0.21

 Y-90  Infant 0.04 0.16

  Adult  0.02

    2011

 Cs-137 Infant 0.09 0.23

  Adult  0.21

 Sr-90  Infant 0.05 1.35

  Adult  0.24

 Y-90  Infant 0.05 0.18

  Adult  0.02
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One of the recommendations of the RPII report 
Radiation Doses Received by the Irish Population 
(Colgan et al., 2008) was to undertake experimental 
studies to determine the levels of natural radioactivity 
in Irish foodstuffs, specifically Po-210, thorium and 
its progeny and carbon-14. A project was begun in 
2011 to determine levels of natural radioactivity in 
foodstuffs. The results from this study will assist the RPII 
in improving the data available on radioactivity in food 
and to estimate better the dose to the Irish population 
from consumption of these foodstuffs.

Drinking water

The RPII has monitored radioactivity in drinking 
water supplies since 1982. This monitoring has 
focused primarily on major surface drinking water 
supplies serving large populations. Currently the 
RPII routinely measures samples from major water 
supplies in rotation so that supplies from every county 
are sampled approximately every four years. Major 
supplies are defined here as those serving a population 
of 10,000 or more or the largest supply in a county.

Where possible, drinking water was sampled at the 
point at which the treated water was released into the 
distribution network. Drinking water samples were 
acidified with nitric acid as soon as practicable after 
sampling to minimise the adsorption of radioactivity 
on the walls of the sample container. Samples were 
evaporated to dryness and analysed for gross alpha 
and gross beta activities respectively.

Drinking water samples were assessed for compliance 
with the total indicative dose (TID), a parametric 

standard for radioactivity set out in the Drinking Water 
Directive (European Communities, 1998b). In carrying 
out these assessments, the RPII followed the WHO 
methodology, which sets screening limits based on 
gross alpha and beta activities (WHO, 1993) – this is 
further described in Appendix 1. 

The results of measurements for the RPII’s routine 
monitoring programme of major supplies are 
presented in Table 14. In 2010 and 2011, supplies from 
Dublin, Galway, Laois, Louth, Mayo, Meath, Monaghan, 
Offaly, Roscommon, Sligo, Tipperary, Waterford, 
Westmeath, Wexford, and Wicklow were tested. All 
drinking water supplies tested were found to be in 
compliance with the screening limits, and hence with 
the TID. 

In Ireland the majority of drinking water (83.7%) 
originates from surface water (i.e. rivers and lakes) 
with the remainder originating from groundwater 
(8.8%) and springs (7.5%) (EPA, 2009). As there was 
no comprehensive national picture concerning 
radioactivity in groundwater supplies or private 
wells in Ireland, the RPII has undertaken a national 
survey of radioactivity in groundwater supplies. 
During the course of this study, approximately 220 
groundwater supplies have been assessed by the 
RPII for compliance with the radioactivity parameters 
set out in the Drinking Water Directive while the 
Environmental Protection Agency (EPA) has measured 
chemical parameters including uranium for the same 
groundwater supplies. The sampling and analysis for 
this project was completed in 2011; at the time of 
writing the RPII is finalising a report on the results.

Table 13. Maximum caesium-137 activity concentrations in foodstuffs, 2010–2011

Note: nd = not detected (the sample was analysed but levels were below the limit of detection).

Sample type Number of samples  Max Cs-137 Number of samples above  

   (Bq/kg, fresh weight) detection limit

    2010

 Mixed diet 5 0.23 1

 Grain  25 nd 0

    2011

 Mixed diet 11 0.21 2

 Grain  6 nd 0
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Table 14. Gross alpha and gross beta activity concentrations in drinking water, 2010–2011

 County Supply                                         Activity concentration (Bq/l) Compliance with 
  Gross alpha Gross beta TID

        2010

 Galway Ballinasloe 0.04 0.18 Yes

 Lough Corrib 0.03 0.10 Yes

 Tuam 0.05 0.16 Yes

 Louth Ardee 0.04 0.16 Yes

 Cooley Ardtully 0.05 0.13 Yes

 Drogheda 0.06 0.19 Yes

 Dundalk 0.04 0.20 Yes

 Greenmount 0.06 0.19 Yes

 Mayo Lough Mask 0.01 0.08 Yes

 Meath Kilcarn 0.08 0.18 Yes

 Liscarron nd 0.13 Yes

 Monaghan Lough Egish nd 0.14 Yes

 Offaly Ardan 0.04 0.13 Yes

 Clonaslee 0.02 0.17 Yes

 Roscommon Killeglan 0.05 0.22 Yes

 Sligo Foxes Den 0.03 0.08 Yes

 Kilsellagh nd 0.06 Yes

 Lough Gill 0.02 0.07 Yes

 Lough Talt 0.02 0.07 Yes

 Tipperary Nenagh nd 0.09 Yes

        2011

 Dublin Ballycoolin 0.05 0.16 Yes

 Tipperary Galtee 0.02 0.05 Yes

 Glenary 0.01 0.03 Yes

 Waterford East Waterford 0.03 0.13 Yes

 Westmeath Athlone 0.05 0.15 Yes

 Portloman 0.04 0.12 Yes

 Wexford Creagh 0.02 0.06 Yes

 Kilmallock 0.05 0.17 Yes

 Newtown 0.04 0.13 Yes

 Taylorstown 0.03 0.10 Yes

 Vinegar Hill 0.04 0.12 Yes

 Wicklow Arklow Lamberton 0.01 0.09 Yes

 Wicklow Treatment Plant 0.03 0.08 Yes
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Note: nd = not detected (the sample was analysed but levels were below the limit of detection).



Marine radioactivity

The primary focus of the marine monitoring 
programme is to assess the radiation doses to the Irish 
population arising from discharges from the Sellafield 
reprocessing plant and to assess geographic and 
temporal distribution of artificial radionuclides in the 
marine environment. The nuclides of greatest concern 
from a dosimetric point of view are caesium-137, 
technetium-99 and actinides (isotopes of plutonium 
and americium). For the last number of years, the 
following measures have been taken to determine 
marine radioactivity:

•	 Caesium-137,	technetium-99	and	isotopes	of	
plutonium are measured in seafood to determine 
the ingestion dose to the Irish public;

•	 Technetium-99	and	caesium-137	are	measured	in	
seawater and seaweed to assess geographic and 
temporal trends†; and 

•	 	Caesium-137	is	measured	in	sediment	to	assess	
levels of radionuclides from historic discharges: 
remobilisation from sediments is now the 
predominant source of marine radioactivity in the 
Irish Sea.

Samples of a wide range of fish and shellfish species 
were collected from commercial landings at major  
Irish fishing ports and aquaculture areas. Seawater  

and seaweed were also collected from coastal sites 
while seawater and sediment samples were taken  
at offshore sites in the western Irish Sea using the 
Marine Institute’s research vessel, the Celtic Voyager.   
In collaboration with the Northern Ireland Environment  
Agency, three seawater samples from the north and 
north-east coasts were collected from Portrush, Larne 
and Ards.

A number of recommendations of the 2009 peer 
review of the RPII monitoring programme were 
introduced in 2011. The key changes are summarised 
as follows:

•	 The	marine	programme	makes	greater	use	of	
bio-indicators such as Fucus seaweed rather than 
directly measuring radionuclides in seawater 
for time series data. Given the current low levels 
of radioactivity in the marine environment, 
the additional effort required for direct water 
measurement is no longer justified. 

•	 The	number	of	actinide	measurements	has	
been increased. Given the long term presence of 
these radionuclides in the Irish Sea, their relative 
contribution to marine critical group doses will 
continue to increase. 

•	 In	the	light	of	recent	reductions	in	the	
concentrations of technetium-99, the number of 
measurements for this radionuclide was reduced.
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† Monitoring of technetium-99 in seawater ceased at the end of 2010 as a result of a recommendation of the 2009  
 peer review of the RPII monitoring programme.

‡ The gyre in the western Irish Sea is formed each spring and summer when stratification isolates a dome of cold  
 bottom water which then drives a baroclinic circulation. During these seasons the gyre enhances retention of  
 contaminants, including radionuclides, in seawater in the western Irish Sea.

4. Radioactivity in the  
 marine environment



•	 The	number	of	coastal	sampling	points	was	reduced	
but sampling frequency increased at an east coast 
open sea location sufficiently far north to be subject 
to the gyre in the western Irish Sea‡. The sampling 
location selected was Ballagan in Co. Louth. The peer 
review group recommended this as a more efficient 
approach to marine sampling.

•	 Some	changes	to	seafood	sampling	were	
implemented. These included some changes to 
the species sampled to ensure the programme 
continues to best reflect current Irish seafood 
landing and consumption patterns. Some 
rationalisation of sampling locations was also 
undertaken to improve the efficiency of the 
programme.

The range of samples collected at each location in 2010 
and 2011 is given in Table 15 and the offshore locations 
are shown in Figure 5. The sampling frequency for each 
site, which ranged from monthly to once every two 
years, reflects the resolution judged necessary to assess 

the population dose and to identify important trends.

While the low radio-toxicity of tritium means that it has 
not been included as a radionuclide of interest in the 
RPII’s routine environmental monitoring programme, 
RPII undertook a project  in 2008–2010 to determine 
the levels of  tritium in the Irish marine environment. 
This was done in order to fulfil Ireland’s commitments 
to OSPAR Convention and to estimate a baseline, given 
the possibility of increased discharges of tritium into 
the marine environment as nuclear power production 
increases in Europe in the future. The results will be 
reported in 2012. 

A project to assess radioactivity levels in Carlingford 
Lough was started in 2011. This is a follow-up to 
previous studies completed in the 1990s, and will allow 
assessment of changes in measured environmental 
concentrations. Sampling and analysis for this project 
are planned for 2012 with publication of a report due 
in 2013.
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Table 15. Marine monitoring programme, 2010–2011

 Sampling location Seawater Marine  Seaweed Fish Shellfish 
  sediments   

 Ards, Co. Down Annuallya - - - -

 Balbriggan, Co. Dublin Monthlya - Quarterlya - -

 Ballagan, Co Louth Quarterlyb Bi-monthly Bi-monthly - Annuallyb

 Cahore, Co. Wexford Biannuallya - Biannuallyb - -

 Carlingford, Co. Louth - Quarterlya - - Quarterly

 Castletownbere, Co. Cork Biennially - Biennially - -

 Clogherhead, Co. Louth - - - Quarterly Quarterly

 Greenore, Co. Louth Quarterlya - Quarterlya - -

 Howth, Co. Dublin - - - Quarterly Quarterly

 Killybegs, Co. Donegal - - Biennially Annuallya -

 Kilmore Quay, Co. Wexford - - - Annually -

 Larne, Co. Antrim Annuallya - - - -

 Mountcharles, Co. Donegal Biennially - - - -

 N1 – Irish Sea, 53:25N 6:01W Annually - - - -

 N2 – Irish Sea, 53:36N 5:56W Annually - - - -

 N3 – Irish Sea, 53:44N 5:25W Annually - - - -

 N4 – Irish Sea, 53:52N 5:14W Annually Annually - - -

 N5 – Irish Sea, 53:53N 5:33W Annually Annually - - -

 N6 – Irish Sea, 53:52N 5:53W Annually Annually - - -

 Portrush, Co. Antrim Annuallya - - - -

 Salthill, Co. Galway Biennially - Biennially - -

 Woodstown, Co. Waterford Biennially - Biennially - -

Notes:  a 2010 programme. b 2011 programme.
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Figure 5: Off-shore sampling locations, 2010–2011

Initial preparation of fish and shellfish samples 
included cleaning 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 by high 
resolution gamma spectrometry for gamma-emitting 
radionuclides, most notably caesium-137. Selected 
individual and bulked samples were analysed for 
technetium-99, plutonium-238 and plutonium-239, 
240. Seawater (coastal and offshore) was analysed for 
caesium-137 and technetium-99 using the techniques 
outlined in Table 3.

Seawater

The results of the analyses of caesium-137 and 
technetium-99 in coastline and offshore seawater 
(in the western Irish Sea) are presented in Table 16. 
The mean activity concentrations of caesium-137 at 
each coastal location in 2010 and 2011 (Figure 6) are 
in line with the previously established geographical 
distribution of caesium-137 around the Irish coastline. 
The highest concentrations of Sellafield-derived 
caesium-137 are found on the north-east coast, and 
this is consistent with the known water circulation 
patterns in the Irish Sea.
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Table 16. Radioactivity in seawater, 2010–2011

 Sampling location Month   Activity concentration (Bq/l)
   Tc-99   Cs-137
                                   2010

 Ards Jul 0.0018 0.0082

 Balbriggan Jan 0.0026 0.0119

 Feb 0.0025 0.0140

 Mar 0.0023 0.0115

 Apr 0.0055 0.0144

 May 0.0053 0.0075

 Jun 0.0050 0.0118

 Jul 0.0068 0.0107

 Aug 0.0042 0.0094

 Sep 0.0014 0.0115

 Oct 0.0016 0.0101

 Nov - 0.0086

 Dec 0.0045 0.0113

 Mean 0.0043 0.0111

 Cahore Jun 0.0008 0.0036

 Aug 0.0003 0.0050

 Mean 0.0006 0.0043

 Castletownbere Aug 0.0002 0.0024

 Greenore Jan 0.0093 0.0139

 May 0.0023 0.0122

 Jul 0.0017 0.0112

 Oct 0.0027 0.0117

 Mean 0.0040 0.0123

 Larne Jul 0.0014 0.0042

 Mountcharles Jul nd 0.0012

 Irish Sea – N1 Apr 0.0018 0.0139

 Irish Sea – N2 Apr 0.0021 0.0094

 Irish Sea – N3 Apr 0.0014 0.0102

 Irish Sea – N4 Apr 0.0015 0.0077

 Irish Sea – N5 Apr 0.0018 0.0129

 Irish Sea – N6 Apr 0.0017 0.0107

 Portrush Jul 0.0003 0.0022

 Salthill Sep 0.0001 0.0015

 Woodstown Aug 0.0005 0.0031

                                   2011

 Ards Oct - 0.0125

 Ballagan Jan - 0.0142

 May - 0.0129

 Jul - 0.0131

 Oct - 0.0111

 Mean - 0.0128

 Irish Sea – N1 Oct - 0.0097

 Irish Sea – N2 Oct - 0.0107

 Irish Sea – N3 Oct - 0.0114

 Irish Sea – N4 Oct - 0.0127

 Irish Sea – N5 Oct - 0.0119

 Irish Sea – N6 Oct - 0.0106

 Portrush Oct - 0.0014
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Caesium-137 activity concentrations in seawater 
from Balbriggan between 1993 and 2010 and from 
Ballagan in 2011 are shown in Figure 7. The data 
reveals a downward trend in the period 1993–2000, 
reflecting the reduction in caesium-137 discharges 
from Sellafield during this period (Figure 2). Since 
2000, discharges have remained relatively constant 
and this is reflected in seawater activity concentrations 
measured between 2000 and 2011. It has been shown 
that remobilisation of historic discharges into the water 
column from sediments is now an important source 
of caesium-137 in seawater from the western Irish Sea 
(Poole et al., 1997). This may also help to explain the 
levelling off of caesium-137 concentrations observed in 
recent years. 

A similar trend is observed in caesium-137 activity 
concentrations in seawater at offshore locations 
in the Irish Sea between 1984 and 2011 (Figure 8). 
The caesium-137 activity concentrations along the 
south and west coasts are lower than those in the 
Irish Sea and are now close to global fallout levels. 
Concentrations in seawater from along these coasts 
have remained stable since the mid-1990s. 

 

Portrush

2010: 0.0022
2011: 0.0014

Larne

2010: 0.0042

2010: 0.0082
2011: 0.0125

Mountcharles

2010: 0.0012

Salthill

2010: 0.0015

Castletownbere

2010: 0.0024

Woodtown

2010: 0.0031

Cahore

2010:0.0043

Balbriggan

2010: 0.0111

Greenore/Ballagan

2010: 0.0023
2011: 0.0128

Ards

Figure 6: Mean caesium-137 concentrations (Bq/l) in coastline seawater, 2010–2011
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Figure 7: Caesium-137 activity concentrations in seawater from east-coast locations, 1993-2011 

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

C
ae

si
um

-1
37

(B
q

/I
)

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

Balbriggan Ballagan



Figure 8: Caesium-137 activity concentrations in seawater from locations N1-N6 in the Irish Sea,  
1984 – 2011
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Figure 9: Mean technetium-99 concentrations (Bq/l) in coastline seawater, 2010

The mean activity concentrations of technetium-99 in 
seawater from around the Irish coastline in 2010 are 
shown in Figure 9. The geographical distribution is 
consistent with that of caesium-137, with the highest 
concentrations on the north-east coast. The mean 
annual activity concentration in 2010 was 0.004 Bq/l at 
both Balbriggan and Greenore. Concentrations along 
the south and west coast are much lower.

Technetium-99 activity concentrations in seawater 
from Balbriggan for the period 1995 to 2010 are shown 
in Figure 10. Activity concentrations at this site peaked 
in 1997 with a mean annual activity concentration 
of 0.045 Bq/l. Following the implementation of the 
tetraphenylphosphonium bromide waste treatment 
process at Sellafield in 2004, there has been a 

reduction in the discharges of this radionuclide and 
corresponding reduction in activity concentrations 
in seawater can be observed. Monitoring of 
technetium-99 in seawater ceased at the end of 
2010 as a result of this reduction and in line with the 
recommendations of the 2009 peer review of the RPII 
monitoring programme. 

While concentrations of tritium in seawater samples 
taken around the Irish coastline were found to be 
low, the RPII intends to continue measurement of this 
radionuclide at the seawater sampling locations from 
2012. The reason for this is that the UK has indicated 
that discharges of tritium may temporarily increase 
from Sellafield during the next five years as a result  
of decommissioning work.
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Sediment

Caesium-137 activity concentrations in sediment 
samples collected at the coastal and off-shore 
sampling sites are shown in Table 17. These 
measurements are consistent with the data reported 
for the same stations in recent RPII monitoring reports 
(McGinnity et al., 2010). Activity concentrations of 
Cs-137 are very dependent on the granularity of the 
sediment sampled (Jones et al., 2007). This explains the 
significant differences in the mean values measured at 
relatively nearby sampling locations such as Ballagan 
and Carlingford.

 

Figure 10: Technetium-99 activity concentrations in seawater (Bq/l) from Balbriggan, 1995-2010
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Table 17. Radioactivity in marine sediments, 2010–2011

 Sampling location Month Cs-137 activity concentration 
  (Bq/kg, dry weight)
  2010

 Ballagan Oct 3.5

 Nov 4.0

 Dec 3.9

 Mean 3.8

 Carlingford Jan 9.7

 May 23.8

 Jul 11.0

 Oct 11.6

 Mean 14.0

 Irish Sea – N4 Apr 36.6

 Irish Sea – N5 Apr 77.9

 Irish Sea – N6 Apr 29.2
  2011

 Ballagan Jan 3.6 

 Mar 3.1

 May 6.0

 Jul 5.9

 Sep 5.9

 Oct 5.9

 Mean 4.9

 Irish Sea – N4 Oct 36.3

 Irish Sea – N5 Oct 61.5

 Irish Sea – N6 Oct 26.8

Seaweed

The results for caesium-137 and technetium-99 activity 
concentrations in seaweed (Fucus vesiculosis) are 
given in Table 18. These results are presented on a 
dry weight basis and an estimate of the fresh weight 
activity concentration may be obtained using the 
mean dry–to-fresh weight ratios of 0.17 and 0.16 
calculated for 2010 and 2011 samples respectively. 
 
Figure 11 presents mean caesium-137 activity 
concentrations in seaweed sampled from Balbriggan 
between 1982 and 2011. The data show that 
concentrations of this radionuclide in seaweed at  
this site have remained relatively constant since the 
mid-1990s.

 
 

 
 
Figure 12 presents the technetium-99 activity 
concentrations in seaweed from Balbriggan for the 
period 1989 to 2010 and from Ballagan for the period 
2010–2011. A similar pattern is observed to that for 
seawater (Figure 10) with activity concentrations from 
the north-east coastline peaking between late 1997 
and early 1998, and reducing significantly over the last 
few years.



Table 18. Radioactivity in seaweed (Fucus vesiculosis), 2010–2011

40

 Sampling location Month Activity concentration    
  (Bq/kg, dry weight)
  Tc-99 Cs-137
 2010

 Balbriggan Jan 202 2.18

 Apr 155 3.02

 Jul 190 2.44

 Oct 256 1.18

 Mean 201 2.2

 Ballagan Oct 453 2.22

 Nov 397 2.66

 Dec 421 1.92

 Mean 424 2.27

 Cahore Jun - 1.32

 Aug - 0.73

 Mean - 1.03

 Castletownbere Aug - 0.23

 Greenore Jan - 2.96

 May - 4.17

 Jul - 1.58

 Oct - 1.89

 Mean - 2.65

 Killybegs Jul - 0.44

 Salthill Jul - 0.30

 Nov - 0.19

 Mean - 0.25

 Woodstown Aug - 0.77
 2011

 Ballagan Jan 540 2.24

 Mar 224 2.56

 May 227 2.81

 Jul 510 3.16

 Sep 345 2.84

 Oct - 1.76

 Mean 369 2.56
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Figure 11: Mean caesium-137 activity concentrations in seaweed (Fucus vesiculosis, Bq/kg, dry) from 
east coast locations, 1982-2011
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Figure 12: Technetium-99 activity concentrations in seaweed (Fucus vesiculosis, Bq/kg, dry)  
from east coast locations (Balbriggan and Ballagan), 1988-2011
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Table 19. Caesium-137 activity concentrations in fish, 2010–2011

Note:  nd = not detected (the sample was analysed but levels were below the limit of detection).

 Sampling location Month  Activity concentration (Bq/kg, fresh weight)
  Cod Haddock Mackerel Plaice Ray
  2010
 Clogherhead Jan 0.54 0.11 0.07 nd 0.18
 May 0.42 0.33 0.12 0.04 0.39
 Jul 0.76 0.08 0.06 0.03 0.29
 Oct 1.04 0.18 0.16 0.02 0.59
 Mean 0.69 0.18 0.10 0.03 0.36
 Howth Jan 0.46 0.08 0.04 0.04 0.55
 Apr 1.14 0.06 0.05 0.04 0.13
 Jul 0.12 0.06 0.09 0.06 0.11
 Oct 0.11 0.07 0.04 0.12 0.09
 Mean 0.46 0.07 0.06 0.07 0.22
 Killybegs Jun 0.23 0.09 0.27 0.19 0.13
 Kilmore Quay Jun 0.87 0.07 - 0.08 0.33
  2011
 Clogherhead Jan 0.78 0.07 0.05 0.31 0.42
 May 1.08 0.10 0.11 0.02 0.49
 Jul 0.13 0.24 0.07 nd 0.17
 Oct 0.22 0.10 0.16 0.22 0.47
 Mean 0.55 0.13 0.10 0.18 0.39
 Killybegs Jun 0.08 0.10 0.16 0.06 0.22
 Kilmore Quay Jun 0.20 0.08 - 0.09 0.25

Fish and shellfish

The results of radioactivity measurements in fish and 
shellfish collected from major Irish fishing ports and 
aquaculture areas are shown in Tables 19–21. All results 
are presented on a fresh weight basis.
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Table 20. Caesium-137 activity concentrations in shellfish, 2010–2011

 Sampling location Month  Activity concentration (Bq/kg, fresh weight)
  Lobster Mussels Oysters Prawns Winkles
  2010
 Carlingford Jan - 0.09 0.08 - -
 May - 0.07 0.09 - -
 July - 0.07 0.13 - 0.33
 Oct - 0.09 0.09 - -
 Mean - 0.08 0.10 - 0.33
 Clogherhead Jan - - - 0.42 -
 May - - - 0.04 -
 July - - - 0.05 -
 Oct - - - 0.35 -
 Mean - - - 0.22 -
Howth Jan - - - 0.07 -
 Apr - - - 0.43 -
 May 0.38 - - - -
 Jul 0.49 - - 0.06 -
 Oct 0.35 - - 0.08 -
 Mean 0.41 - - 0.16 -
  2011
 Ballagan Jun 0.49 - - - -
 Carlingford Jan - 0.25 0.11 - -
 May - 0.15 0.13 - -
 Jul - 0.11 0.11 - -
 Sep - - - - 0.41
 Oct - nd 0.05 - -
 Mean - 0.17 0.10 - 0.41
 Clogherhead Jan - - - 0.08 -
 May - - - 0.05 -
 Jul - - - 0.06 -
 Oct - - - 0.10 -
 Mean - - - 0.07 -
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Table 21. Technetium-99 and plutonium-238, 239 and 240 activity concentrations in fish and 
shellfish, 2010–2011

 Sampling location Species  Activity concentration (Bq/kg, fresh weight)
  Tc-99 Pu-238 Pu-239,240
  2010

 Carlingford Mussels 0.67 0.0042 0.0236

 Oysters 0.56 0.0053 0.0259

 Winkles nd - -

 Clogherhead Fisha nd nd nd

 Howth Fisha nd nd nd

 Lobster 30.05 - -

  8.95 - -

  10.38 - -

 Prawns nd nd 0.0033
  2011

 Ballagan Lobster nd nd nd

 Carlingford Mussels nd 0.0087 0.0498

 Oysters nd 0.0091 0.0560

 Winkles nd 0.0021 0.1301

 Clogherhead Fisha nd nd nd

 Prawns nd nd nd

Notes:  nd = not detected (the sample was analysed but levels were below the limit of detection).  
a Cod, haddock, mackerel, plaice, ray.

The caesium-137 concentrations in fish and shellfish 
in 2010 and 2011 were similar to those detected in 
previous years. Most technetium-99, plutonium-238 
and plutonium-239,240 activity concentrations 
in fish and shellfish samples analysed were below 
detection limits. Americum-241 activity concentrations 
were estimated using mean americium/plutonium 
ratios in mussels, prawns and prawns (Ryan et al., 
1999). The mean activity concentrations of artificial 
radionuclides in fish and shellfish landed at north-east 

ports are presented in Table 22. All measurements of 
technetium-99 in shellfish in 2011 were below the 
detection limit. Using concentration factors from 
IAEA (2004) and activity concentrations in seaweed 
measured in 2011 at Ballagan (Table 18), estimates of 
technetium-99 for crustaceans and molluscs have been 
made for use in the calculation of annual committed 
doses. These estimates have also been included in 
Table 22.
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A habits survey carried out in 2008 along the north-
east coast of Ireland (Cefas, 2008) identified two critical 
groups: 

•	 Group	A	–		commercial	fishermen:	a	group	of	
commercial fishermen who consume large amounts 
of fish and crustaceans (26 kg fish and 10 kg 
crustaceans); and

•	 Group	B	–		commercial	oyster	and	mussel	farmers	
working along the north-east coast who consume 
large amounts of molluscs (25 kg).

The weighted totalled consumption rates of different 
fish and mollusc species identified in the habits survey 
and used in the critical group dose assessment are 
shown in Table 23. Relevant ingestion dose coefficients 
were taken from ICRP (1996) and are presented in 
Table 24. The annual committed effective dose due to 
the consumption of seafood was estimated using the 
mean activity concentrations for artificial radionuclides 
in fish, crustaceans and molluscs from north-east ports 
in 2010. The north-east coast is the area in which the 
highest levels of radioactivity attributable to Sellafield 
are observed. 

Notes:  a Estimated using a mean americium/plutonium ratio in fish and shellfish at Clogherhead (Ryan et al., 1999).  
b Cod, haddock, mackerel, plaice and ray.  c Mussels, oysters and winkles.  d Prawns and lobsters.  e Estimated from 
2011 seaweed measurements.

Table 22. Mean activity concentrations of artificial radionuclides in fish and shellfish landed  
at north-east ports, 2010–2011

 Sampling type   Activity concentration (Bq/kg, fresh weight)
 Tc-99 Cs-137 Pu-238 Pu-239,240 Am-241a

  2010

 Fishb nd 0.23 - - -

 Lobster 16.46 0.41 - - -

 Mussels - 0.08 0.0042 0.0236 0.0053

 Oysters - 0.10 0.0053 0.0259 0.0040

 Prawns nd 0.19 nd 0.0033 0.0107

 Winkles nd 0.33 - - -

 Molluscsc 0.615 0.17 0.0048 0.0248 0.0046

 Crustaceansd 16.46 0.30 nd 0.0033 0.0108

  2011

 Fishb nd 0.27 - - -

 Lobster nd 0.49 nd nd -

 Mussels nd 0.17 0.0087 0.0498 0.0111

 Oysters nd 0.10 0.0091 0.0560 0.0083

 Prawns nd 0.07 nd nd -

 Winkles nd 0.41 0.0021 0.1301 0.0214

 Molluscsc 1.99e 0.23 0.0066 0.0786 0.0136

 Crustaceansd 1.99e 0.28 - - -
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Table 23. Weighted consumption rates for critical groups identified in the 2008 Habits Survey  
and for notional consumers

 Consumer Species Annual consumption rate (kg)

 Group A  Cod/Haddock/Whiting 11.5

 Mackerel 10

 Plaice 3.5

 Ray 1

 Fish Composite 26

 Prawns 4.85

 Lobster 4.85

 Group B Mussels 20

 Oysters 2.5

 Winkles 2.5

 Notional typical consumer Fish 15

 Shellfish 1.8

 Notional heavy consumer Fish 73

 Shellfish 7.3

Source: CEFAS (2008).

Table 24. Adult ingestion dose coefficients  
for radionuclides detected in fish and shellfish

Radionuclide   Dose coefficient (Sv/Bq)

Tc-99 6.4 x 10-10

Cs-137 1.3 x 10-8

Pu-238 2.3 x 10-7

Pu-239 2.5 x 10-7

Pu-240 2.5 x 10-7

Am-241 2.0 x 10-7

 

Source: ICRP (1996).

The annual committed effective doses estimated 
for the commercial fisherman critical group (Group 
A) and the oyster and mussel farmer critical group 
(Group B) were, respectively, 0.17 μSv and 0.21 μSv in 
2010 and 0.12 μSv and 0.56 μSv in 2011. These doses 
include contributions from the artificial radionuclides 
technetium-99, caesium-137, plutonium-238,239,240 
and americium-241. 

To allow comparison with previous years, the annual 
committed effective doses for the notional typical 
and heavy consumers previously reported in RPII 
monitoring reports (e.g. McGinnity et al., 2010) 
have also been calculated for 2010 and 2011. The 
consumption rates used to derive the doses for these 
notional groups are included in Table 23. Ingestion 
dose coefficients were again taken from ICRP (1996) 
(Table 24).

For both the typical and heavy consumer, shellfish 
consumption was assumed to be divided equally 
between crustaceans and molluscs. 

The annual committed effective doses estimated for 
the notional typical and heavy consumer groups were, 
respectively, 0.07 μSv and 0.32 μSv in 2010 and 0.07 
μSv and 0.34 μSv in 2011. 

The annual committed effective doses to both critical 
and notional consumers groups are summarised 
in Table 25. The annual committed effective doses 
to critical group B increased significantly in 2011 
compared to 2010 and recent previous years. This 
increase can be attributed to changes in sampling 
protocol which were introduced to the 2011 
monitoring programme, particularly the inclusion  
of winkles which are known to concentrate actinides.
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Table 25. Annual committed effective doses from artificial radionuclides due to consumption of fish 
and shellfish landed at north-east ports, 2010 and 2011

 Sampling location  Activity concentration (Bq/kg, fresh weight)
 Critical group A Critical group B  Notional typical Notional heavy
    consumer consumer 
   2010

 Tc-99 0.052 0.009 0.050 0.238

 Cs-137 0.103 0.024 0.010 0.041

 Pu-238 -  0.022 0.001 0.004

 Pu-239,240 0.004 0.134 0.006 0.026

 Am-241 0.010 0.023 0.003 0.011

 Totala 0.17 0.21 0.07 0.32
   2011

 Tc-99 0.012 0.032 0.050 0.243

 Cs-137 0.109 0.061 0.001 0.005

 Pu-238 -  0.046 0.001 0.006

 Pu-239,240 -  0.365 0.018 0.072

 Am-241 -  0.059 0.002 0.010

 Totala 0.12 0.56 0.07 0.34

Note: a Totals have been rounded to 2 decimal places

The annual committed effective dose to the notional 
typical seafood consumer for the period 1982 to 2010 
is shown in Figure 13 and Table 26. It can be seen that 
annual doses have decreased steadily over this period, 
reflecting the overall reduction in Sellafield discharges.

In 2010, the annual committed effective dose of 0.17 
μSv to critical Group A was less than 0.02 per cent of 
the annual dose limit of 1000 μSv for members of the 
public from practices involving controllable sources 

of radiation (Ireland, 2000.) The dominant contributors 
to this dose were caesium-137 (61 per cent) and 
technetium-99 (31 per cent). In 2011, the annual 
committed effective dose of 0.49 μSv to critical Group 
A was again less than 0.02 per cent of the annual dose 
limit. The dominant contributors to the dose were 
again caesium-137 (90 per cent) and technetium-99  
(10 per cent); plutonium 238, 239, 240 was not detected 
in any samples of prawns and lobsters in 2011.



Table 26. Annual committed effective 
doses from artificial radionuclides due to 
consumption of fish and shellfish, 1982-2011

 

Year Annual committed effective dose (µSv) 

Notional typical consumer

1982 13.80

1983 11.00

1984 9.40

1985 5.00

1986 3.80

1987 2.20

1988 1.40

1989 1.10

1990 0.94

1991 1.06

1992 0.74

1993 0.67

1994 0.51

1995 0.41

1996 0.34

1997 0.32

1998 0.32

1999 0.30

2000 0.26

2001 0.27

2002 0.17

2003 0.16

2004 0.17

2005 0.24

2006 0.16

2007 0.16

2008 0.09

2009 0.09

2010 0.07

2011 0.07

In 2010, the annual committed effective dose of 0.21 
μSv to Group B consumers was less than 0.03 per cent 
of the annual dose limit to members of the public 
of 1000 μSv. The dominant contributors to this dose 
were plutonium-238, 239, 240 (73 per cent). In 2011, 
the annual committed effective dose of 0.46 μSv to 
Group B consumers was less than 0.06 per cent of the 
annual dose limit. Again, the dominant contributors to 
this dose were plutonium-238, 239, 240 (73 per cent). 
The higher dose to this group may be attributed to the 
fact that molluscs tend to accumulate plutonium and 
that plutonium-238, 239, 240 have relatively high dose 
coefficients.

These doses may be compared with those attributable 
to the presence of the naturally occurring radionuclide, 
polonium-210 in seafood, which were estimated to be 
32 μSv for notional typical consumers (Pollard et al., 
1998).
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Figure 13: Annual committed effective dose to the typical seafood consumer, 1982-2011
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The annual committed effective dose to the notional 
typical seafood consumer for the period 1982 to 2010 
is shown in Figure 13 and Table 26. It can be seen that 
annual doses have decreased steadily over this period, 
reflecting the overall reduction in Sellafield discharges.

In 2010, the annual committed effective dose of 0.17 
μSv to critical Group A was less than 0.02 per cent of 
the annual dose limit of 1000 μSv for members of the 
public from practices involving controllable sources 

of radiation (Ireland, 2000.) The dominant contributors 
to this dose were caesium-137 (61 per cent) and 
technetium-99 (31 per cent). In 2011, the annual 
committed effective dose of 0.49 μSv to critical Group 
A was again less than 0.02 per cent of the annual dose 
limit. The dominant contributors to the dose were 
again caesium-137 (90 per cent) and technetium-99 (10 
per cent); plutonium 238, 239, 240 was not detected in 
any samples of prawns and lobsters in 2011.



During 2010 and 2011, the RPII implemented 
a comprehensive programme of monitoring 
radioactivity in the Irish environment, which included 
the measurement of radioactivity in a wide range 
of foodstuffs and in the environment. The 2011 
programme introduced changes based on the 
recommendations of a peer review by a group of 
international experts in 2009. 

Elevated activity concentrations of caesium-137, 
iodine-131 and other volatile fission products in 
airborne particulates, consistent with the nuclear 
accident at Fukushima in Japan, were detected during 
the period March to May 2011. These elevated levels of 
radioactivity were not of concern from a public health 
point of view. For the rest of the reporting period, levels 
were low and consistent with measurements made in 
recent years. No abnormal external gamma dose rates 
were observed at any of the continuous monitoring 
stations.

All drinking waters tested were found to comply with 
relevant national and EU standards for water quality. 

During the period March to May 2011, activity 
concentrations of caesium-137 and iodine-131 
just above the limit of detection were recorded in 
milk samples. As they were so low, these levels of 
radioactivity, however, did not significantly affect the 
dose due to the consumption of milk. For the rest of the 
reporting period, levels of radioactivity in milk were low 
and, for the majority of samples, below the detection 
limits. Activity concentrations in mixed diet and a wide 
range of foodstuffs were low and, for the majority of 
samples, below the detection limits.

The consumption of fish and shellfish from the Irish 
Sea continued to be the dominant pathway by which 
radioactive contamination of the marine environment 
resulted in radiation exposure of the Irish population. 

The estimated annual committed effective doses to 
members of the two critical groups A (commercial 
fishermen who consume large quantities of fish and 
crustaceans) and B (commercial oyster and mussel 
farmers who consume large amounts of molluscs) 
were, respectively, 0.17 μSv and 0.21 μSv in 2010 and 
0.12 μSv and 0.56 μSv in 2011. The increase in doses to 
critical group B in 2011 can be attributed to changes in 
sampling protocol.

The doses incurred by the Irish public in 2010 and 2011 
as a result of artificial radioactivity in the environment 
are small when compared to national dose limits or 
natural radiation doses received by the Irish public. 
The dose to the most exposed individuals during the 
reporting period (members of the oyster and mussel 
farmers critical group) was approximately 0.05 per cent 
of the annual dose limit of 1000 μSv for members of the 
public from practices involving controllable sources of 
radiation. These doses are small in comparison with the 
dose received (32 μSv) by the notional typical consumer 
from polonium-210, a radionuclide that occurs naturally 
in seafood. They may also be compared with the 
average annual dose to a person in Ireland from all 
sources of radioactivity of 3950 μSv.

In general, levels of artificial radioactivity in the Irish 
environment remain fairly constant and are broadly 
consistent with levels reported previously. It must be 
emphasised that the levels of radioactive contamination 
present in the marine environment do not warrant any 
modification of the habits of people in Ireland, either in 
their consumption of seafood or in any other use of the 
amenities of the marine environment.

In summary, the results of the 2010 and 2011 
monitoring programme show that, while the levels of 
artificial radioactivity in the Irish environment remain 
detectable, they are low and do not pose a significant 
risk to human health.
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5. Conclusions
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The Drinking Water Directive (European Communities, 
1998b) on the quality of water intended for human 
consumption sets out standards for radioactivity in 
drinking water, and includes parametric standards for 
tritium and a radioactivity total indicative dose (TID), as 
set out in Table A1. This Directive has been transposed 
into Irish law by Statutory Instrument No. 278 of 2007 
(Ireland, 2007).

Table A1. Parametric values  
for radioactivity from Drinking Water 

 

Parameter Parametric 

 value

Tritium 100 Bq/l

Total indicative 0.1 mSv/year 
dosea 

Notes: a Excluding tritium, potassium-40, radon and 
radon decay products.  The assessment method will be 
set out in the Annexes to the Directive.

 
The TID is the committed effect dose for one year 
of intake resulting from all the radionuclides whose 
presence has been detected in a water supply; this 
includes radionuclides of both natural and artificial 
origin, but excludes tritium, potassium-40, radon and 
radon decay products. A TID of 0.1mSv/year represents 
less than 5 per cent of the average annual effective dose 
normally attributable to natural background radiation. 

Practical arrangements for monitoring compliance 
with these standards are to be set out in Annexes to 
the Directive, which are currently being finalised by 

the European Commission. In the absence of these 
Annexes, the RPII has applied the methodology for 
screening drinking water as set out by the World Health 
Organisation recommendations on drinking water 
(WHO, 1993). 

In accordance with the WHO scheme the recommended 
screening levels for gross alpha and gross beta activity 
are 100 mBq/l (0.1 Bq/l) and 1000 mBq/l (1 Bq/l), 
respectively, while the level for tritium is 100 Bq/l (the 
same as the Drinking Water Directive). rinking water 
whose activity levels are below these is considered 
acceptable for human consumption and any action to 
reduce its radioactivity is deemed unnecessary.

The WHO gross alpha screening level of 100 mBq/l 
is based on the conservative assumption that all of 
the alpha activity is due to Po-210, which has the 
highest ingestion dose coefficient of the radionuclides 
considered by the WHO. In the case of Irish groundwater 
supplies, however, it has been shown that where the 
gross alpha activity level exceeds 100 mBq/l, in most 
cases this is dominated by uranium (Sequeira et al., 
1999). 

As can be seen from Table A2, the ingestion dose 
coefficient for uranium is approximately 25 times 
lower than for Po-210. Therefore, where the gross 
alpha activity exceeds 100 mBq/l, the approach taken 
by the RPII is firstly to estimate the uranium activity 
concentration from the uranium concentration 
measured chemically. Where, on the basis of the 
indicative dose due to uranium and the residual alpha 
activity with the uranium subtracted, it can be shown 
than no combination of alpha emitters could result in a 
TID greater than 100 mBq/l, then the supply is deemed 
to be in compliance with the standard for TID.
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Where it can be shown that with the uranium excluded, 
no combination of alpha emitters could result in gross 
alpha value greater than 100 mBq/l, then the supply is 
deemed to be in compliance with the standard for TID.

Where it cannot be shown that the alpha value is 
below 100 mBq/l, having excluded the contribution of 
uranium, then individual radionuclide concentrations 
must be determined as necessary and the dose arising 
from each of them calculated. It should be noted that 
in accordance with the Drinking Water Directive the 
dose calculation should include contributions from all 
natural and artificial radionuclides with the exception of 

tritium, potassium-40, radon and radon decay products. 
A consumption rate of two litres of water per person 
per day is assumed. 

It is important to emphasise that the above 
requirements apply to routine operational conditions 
of existing or new water supplies. They are not intended 
to apply to a water supply contaminated during an 
emergency involving the release of radionuclides into 
the environment. The ingestion dose coefficients used 
to calculate indicative doses are set out below in  
Table A2.

Table A2. Radiological data used to calculate indicatives doses for drinking water

Note: 1Source: ICRP (1996).

 Radionuclide Ingested dose coefficient Activity per radionuclide  

 for Adults (Sv/Bq)1 (mBq/l) equivalent to 0.1 mSv

 Polonium-210 1.2 x 10-6 117

 Radium-226 2.8  x 10-7 500

 Thorium-232 2.3 x 10-7 600

 Uranium-234 4.9 x 10-8 3000

 Uranium-235 4.7 x 10-8 3000

 Uranium-238 4.5 x 10-8 3000
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