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1. Introduction
Following the accident at the Chernobyl nuclear power station in April 1986, heavy rainfall throughout
Ireland during the period 2-5 May 1986 resulted in the deposition of radionuclides on herbage and pasture.
Elevated levels of radiocaesium (caesium-137 and caesium-134) were subsequently measured in Irish soils
(1,2).

Caesium is known to bind to the clay mineral fraction of soils, and where land is used for tillage and
pasture the transfer of caesium into vegetation and agricultural produce has been shown to be negligible
(3).

Such is not always the case in upland areas. With poor-quality, peaty soils, their high organic content
results in low binding of caesium, which is therefore more available for uptake by plants. Many of these
upland soils are also deficient in potassium, which is chemically similar to caesium and therefore competes
with it in the transfer mechanism. The nett result is that there is enhanced uptake of caesium by upland
plants, including grasses, moss and heather. Consequently, sheep whose diet contains a large percentage
of such plants are likely to show elevated levels of radioactivity in their flesh.

Animals which are exported abroad must meet a criterion of 600 becquerels per kilogram (Bq/kg), while
the Nuclear Energy Board has set an "action level" of 1000 Bq/kg for the home market. What this "action
level" means is that if there is evidence that animals, even in mountain areas, may have activities in
excess of 1000 Bq/kg, then there is a need to examine the situation to see what restrictive or preventive
measures, if any, may be necessary. The extent of such measures would obviously depend on the extent
and degree of contamination identified.

Since mountain sheep are normally finished on lowland pasture for a period of up to 12 weeks prior
to slaughter, the biological half-life of radiocaesium in sheep of 10-12 days results in a rapid decrease
in the radiocaesium concentration in the flesh. This means that by the time animals are presented for
slaughter the activity level, even in those which may be unacceptably high while on upland grazing, is
normally well within national and international standards.

A major on-farm monitoring programme of sheep was undertaken by the Board, in conjunction with
officials of the Department of Agriculture and Food, in the period October to December 1987 (4). This
study identified 92 District Electoral Divisions (DEDs) in counties Donegal, Sligo, Leitrim, Mayo, Galway
and Waterford in need of further monitoring in 1988. In addition, it was decided that the 1988 programme
should include upland areas in counties Carlow, Cavan, Clare, Cork, Kerry, Laois, Louth, Oflaly,
Roscommon, Tipperary and Wexford in order to compile a more comprehensive picture of the activity
levels in mountain sheep throughout Ireland.

In order to protect further the consumer, in vivo monitoring of sheep has been undertaken at the main
slaughterhouses dealing with both the home and export markets since January 1988. In addition, a number
of smaller slaughterhouses killing primarily for the domestic market were regularly visited.

The Nuclear Energy Board also carries out national surveys to determine the activity levels in sheepmeat
and other food products. Two surveys of the activity in sheepmeat sold across butchers' counters were
undertaken during 1988 - the first took place in May and the second is currently in progress. These
programmes are designed to confirm the results of slaughterhouse monitoring and to ensure that sheepmeat
as sold is suitable for human consumption.

This report summarises the work undertaken by the Board during the first nine months of 1988,
and includes the results of in vivo farm measurements, slaughterhouse monitoring and butchers' shops
surveys relating to sheep and sheepmeat. The on-farm measurements and slaughterhouse monitoring
programmes were undertaken with the co-operation and assistance of officials and staf of the Department
of Agriculture and Food, and sheepmeat samples from butchers' shops were supplied by Environmental
Health Officers from the Department of Health. The contribution of both Departments to the work described
in this report is gratefully acknowledged.



2. Upland Farm Measurement Prosramme
2.1 Structure of the monitoring Programme

The 1987 programme of work had identified 92 District Electoral Divisions (DEDs) in need of further
monitoring. In setting up the 1988 programme, it was decided to extend the monitoring from 10 animals
on 1 farm in each DED to include a minimum of 20 animals on each of 5 farms per DED. There were
two reasons for extending the scope of the survey in this way:

1. The statistical analysis of the 1987 in vivo monitoring results was designed to declare areas
"reserved" if they could not be "cleared". It was pointed out at that time that further sampling
in areas deemed to be "reserved" would be needed before any firm conclusions could be drawn.
It was decided to extend the number of sheep monitored per DED to 100 in order to improve
the quality of subsequent statistical analysis.

2. The 1987 results had shown considerable variations in the radiocaesium concentrations in sheep
from different farms within the same DED. Measurements made on only one farm cannot provide
an estimate of the variation in activity throughout the DED and therefore one must question
the validity of "clearing" an entire DED based solely on one set of measurements. By selecting
5 farms within each DED a better picture can be obtained of the variation in activity levels
throughout its area.

It was recognised that not every farmer would be able to present the required number of animals for
measurement, and that in some DEDs there would be less than 5 farms on which sheep grazed on heather.
Where such circumstances could be identified in advance, an increased number of animals was monitored
at other forms.

In setting up the work programme, it was decided to measure 20 ewes and 5 lambs on each farm visited.
Research work undertaken by the Ministry of Agriculture Fisheries and Food (MAFF) in the United
Kingdom (5) had shown no consistent relationship between activity in animals and their age for animals
greater than 12 weeks old. While the majority of mountain ewes are retained for breeding rather than
slaughtered for human consumption, the activity measured in ewes would be typical of what one would
expect in more mature lambs which normally go for slaughter when 6-8 months old. By including a number
of young lambs in the study, one would also have some idea of the activity in younger animals which
might be slaughtered at an earlier age.

2.2 Equipment

All measurements were made using portable scintillation detectors. The specific models used were the
John Caiint SD1A and the Ludlum 2220 with appropriate probe attachments. In the case of the Ludlum
2220, additional lead shielding was affixed to the sides of the detector in order to reduce the background
count rate. The threshold and window of the single channel analyser were set so as to measure the
caesium-137 and caesium-134 gamma peaks in the energy range 600 - 800 keV.

Each piece of equipment was initially calibrated using a series of laboratory standards. Subsequently
a number of animals, whose activity had previously been estimated by in vivo monitoring, were slaughtered
and analysed by high resolution gamma spectrometry. This more detailed analysis gave similar results
to those obtained by the in vivo technique, thereby confirming the assigned conversion factor for each
instrument.

2.3 Measurement Technique

All measurements were made using the in vivo technique developed by MAFF (6). Essentially this involves
holding the probe next to the fleshy part of the sheep's rump for a specified period of time, and using
the recorded number of counts, corrected for background radiation, to calculate the activity present
in the animal.

A full description of the techniques involved is published elsewhere (6,7) and the method is shown in
Figure 1.



FIGURE 1.
In Vivo Sheep Monitoring Technique.

2.4 Results

The programme of work commenced on Monday 16th May 1988 on the lowland peats in Laois and
Offaly, and was extended to all upland areas in late June and early July. The sheep breeding pattern
in Ireland is such that animals remain on lowland pasture after lambing and would only return to upland
grazing during the month of May. It has previously been shown (5) that the peak average activity in
sheep will be reached 5 weeks after consumption of contaminated herbage has commenced, and so
an earlier start to the programme in upland areas would not have been fruitful.

During the 22 weeks of the survey, 1,238 farms were visited and a total of 26,970 animals were monitored.
Of these, 3,455 (12.8%) animals showed activities in excess of 600 Bq/kg, of which 1,021 (3.8%) were
above 1,000 Bq/kg. Eleven (0.04%) animals exceeded 2,000 Bq/kg, with the highest individual readings
being just below 3,000 Bq/kg.

The monitoring results are summarised for each county in Table 1.



TABLE 1

In Vivo Sheep Monitoring Results

County

Carlow

Cavan

Clare

Cork

Donegal

Galway

Kerry

Laois

Leitrim

Louth

Mayo

Roscommon

Offaly

Sligo

Tipperary

Waterford

Wexford

TOTAL

No. of Farms
visited

18

68

28

117

147

37

329

22

94

24

57

42

46

64

33
92

20

1238

No. of sheen
monitored

356

1372

649

2393

3610

888

7649

600

1864

481

1398

691

1239

1285

725
1402

368

26970

No. of animals above

600Bq/ks
0

325 (24%)
1 (<1%)

0

1678(47%)

14 ( 2%)

45( 1%)

0

391 (21%)

94 (20%)

39( 3%)

40(,6%)

1 (<1%)

217 ( 17%)

159 (22%)

450 (32%)

1 (<1%)

3455

1,000 Bq/kg
0

58 ( 4%)

0

0

551 ( 15%)

0

1 «1%)

0

73 ( 4%)

25( 5%)

4 «1%)

12 ( 2%)

0

64( 5%)

32 ( 4%)

201 ( 14%)

0

1021

Range
Bq/ks

0- 409

0-1776

0- 867

0- 408

0-2213

0- 788

0-1031

0- 218

0-2152

0-1497

0-1140

0-1513

0- 614

0-2229

0-1701

0-2996

0- 616

0-2996

The most extensive contamination measured was in counties Waterford, Donegal, Sligo and Leitrim,
where a number of farms showed animals with radiocaesium activities above 1,000 Bq/kg.

The highest individual readings recorded were in the DED of Ballyin in the Knockmealdown mountains
in Co. Waterford. From the 125 animals monitored, 99 were above 600 Bq/kg, of which 88 were over
1,000 Bq/kg. A total of 8 ewes and 3 lambs showed radiocaesium activities above 2,000 Bq/kg, with
a maximum reading of 2,996 Bq/kg.

Activities above 2,000 Bq/kg were also recorded in the neighbouring DED of Ballysaggart and in the
area locally referred to as "the Nire" just south of Clonmel; in the DEDs of Meencargagh, Cloghan and
Creenasmear in Donegal; in Cloonclare in Leitrim and in Shancough in the Iron Mountains in Co. Sligo.

In Co. Kerry, a total of 7,649 animals on 329 farms were monitored, and the only significant activity
detected was in the Dingle Peninsula. This area had been subjected to considerable rainfall during the
passage over Ireland of the Chernobyl cloud, and two neighbouring farms in the DED of Brandon showed
radiocaesium activities consistently between 600 and 1,000 Bq/kg. In counties Cavan, Louth, Roscommon,
Tipperary and Mayo a small number of farms were identified in which radiocaesium activities exceeded
1,000 Bq/kg. No significant activity was detected in counties Carlow, Wexford, Laois, Offaly, Galway,
Clare and Cork.



Figure 2 shows the areas in which on-farm monitoring was undertaken and Figure 3 indicates the location
of DEDs in which animals were measured with radiocaesium activities above 1,000, 1,500 and 2,000
Bq/kg respectively. The individual DEDs are listed in Appendix 1.

It should be noted that in a number of cases some of the sheep had recently been sheared prior to
monitoring. In such circumstances, a 10-20% overestimate of the activity in the animal would be obtained
by the in vivo monitoring technique. No such correction has been allowed for and so in some cases
the figures quoted in this report represent extreme values. However, even if all results were reduced
by 20% many of the DEDs listed in Appendix 1 would still have a significant number of animals above
1,000 Bq/kg.

FIGURE 2.
Areas in which In Vivo Sheep Monitoring was undertaken on Upland Farms.



FIGURES.
Location of DEDs with Highest Measured Activities in Mountain Sheep.
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2.5 Activity in Lambs and Ewes

During the four months duration of the survey, no consistent difference was noted between the activity
in ewes and that in lambs. On a number of farms visited the lambs were grazing on lower pastures
thin many of the ewes monitored, and in these circumstances consistently lower activities were recorded
in the lambs. In cases where both ewes and lambs had access to the same grazing area again no consistent
pattern emerged. Of the 19 animals identified with radiocaesium activities above 2,000 Bq/kg, 9 were
ewes and 10 were lambs. Eight of the ewes, however, came from the same farm, while the lambs were
divided between 7 farms in 4 counties. During the course of the survey, lambs of many different ages
were monitored, and in the absence of a controlled experiment (as opposed to a monitoring exercise)
no scientific statement can be made on the difference in activity between lambs and ewes. As a general
observation, however, in situations where both lambs and ewes have access to the same grazing area
and have been grazing there for a similar length of time, the activity in lambs would appear to be towards
the upper end of the range of activities measured in the ewes.

2.6. Comparison with Results from 1987

A mmber of farms which had been visited as part of the 1987 monitoring programme were revisited
in 1988. When the results of both sets of measurements are compared, about 30% show similar levels.
The remaining 70% are almost equally divided between those which show a statistically significant increase
and those which show a statistically significant decrease.

A direct comparison of this nature is not particularly valid. Both studies were conducted at different
times of the year, so that the plant species contributing to the sheep's diet may be very different. In
addition, there is no guarantee that animals were grazing the same upland pasture during both monitoring
programmes, and on a number of farms visited this was clearly not the case.

It has previously been mentioned that the radiocaesium activity in sheep will peak 5 weeks after animals
commence consumption of contaminated pasture, after which it will be reduced to 68% of its peak
concentration. This implies that flocks monitored during the months of June and July are likely to show
close to their peak activities, while for those visited later in the year (as for the 1987 programme and
a large percentage of farms visited in 1988) the activities will be somewhat reduced from their maximum.
Comparison of results from both monitoring programmes may therefore be misleading.



3. Slaughterhouse Monitoring Programme

3.1 Description of the Programme

Following completion of the on-ferm in vivo sheep monitoring programme in 1987, monitoring was extended
to include sheep being received at slaughterhouses and destined for both the domestic and export markets.

This programme commenced on Monday 11th January 1988, at which time portable survey instruments
were made available to veterinary inspectors at the main slaughterhouses dealing with the export sheep
market (viz Kepak Ltd., Athleague; Halal Meat Packers, Ballyhaunis; Anglo Irish Beef Packers Ltd.,
Ballymun; Slaney Meats, Bunclody; United Meat Packers, Camolin; Goodhurst Ltd., Dublin; and
Kepak Ltd; Hacketstown). A further monitor was located at Doherty Meats, Carrigans, Co. Donegal
in August 1988, following the commissioning there of a new sheep line.

Initially up to 20% of all sheep passing through each plant were monitored. When the programme was
reviewed in March 1988, the results which had so far been obtained and the decrease in the number
of mountain sheep which would subsequently be slaughtered, justified a reduced sampling rate. The
percentage of sheep being monitored was therefore successively reduced in subsequent months to a
minimum of 2% from June onwards, with particular emphasis being placed on the monitoring of sheep
of upland origin. Besides those slaughterhouses dealing primarily with the export market, sheep going
for slaughter at selected outlets serving the home market were also examined nationwide. In addition,
a study was undertaken in Co. Cork during the months of February and March by Veterinary Inspectors
of Cork County Council, involving the measurement of 558 animals at slaughterhouses throughout the
county.

TABLE 2

Results of Slaughterhouse Monitoring

January — September 1988

Slaughterhouse

Athleague

Ballyhaunis

Ballymun

Bunclody

Camolin

Goodhurst

Hacketstown

Carrigans

Domestic Outlets

TOTAL (41682)

Number of Animals for each range of activities (Bq/kg)

<100

4626

2030

3436

7718

8624

4356

3150

165
6405

40510

100-200

337

84

50

140

120

62
99

46

93

1031

200-300

64

8

5

3
-

2
2

5

11

100

300-400

20

2
1

. -
-

-

3

-

26

400-500

7
1

-

-
-

-
-

2

10

500-600

1

-

-
-

-
-

-

1

>600

2
-
-
2
-
-

-

4



3.2 Results

The results of the programme are summarised in Table 2, and are represented graphically in Figure
4. From a total number of 41,682 animals monitored, 40,510 (97%) showed activities below 100 Bq/kg.
More than 99.5% of the animals monitored showed activities below 200 Bq/kg.

A total of 5 animals exceeded 500 Bq/kg; these were withdrawn from slaughter and were returned to
the farmer for lowland finishing.

The highest activity animals were from counties Donegal, Galway, Mayo, Roscommon and Offaly. In
some other cases, because the sheep had been purchased through a dealer rather than directly from
the farmer, their exact origin could not be determined.

FIGURE 4.
Distribution of Radiocaesium Activities in Sheep being received at Slaughterhouses.

0 — 100 Bq/kg

1 0 0 - 2 0 0 Bq/kg

> 200 Bq/kg
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4. Laboratory Analysis of Sheepmeat From Butchers' Shops

During the month of May 1988, samples of sheepmeat from butchers' shops were submitted to the Board
by the various Health Boards and by Dublin Corporation.

These samples were analysed in the Board's laboratory by high resolution gamma spectrometry, and
the results of these analyses are summarised in Table 3. The highest individual measurement was 36
becquerels per kilogram total caesium (combined caesium-137 and caesium-134) in a sample from Co.
Cork. The majority of samples showed activities less than 10 Bq/kg, with a mean value of 6 Bq/kg for
the 63 samples analysed.

TABLE3

Kadiocaesimn in Lamb Samples from Batchers' Shops.

Orisia

Southern Health Board

Midland Health Board

Mid-Western Health Board

Western Health Board

South-Eastern Health Board

North-Eastern Health Board

North-Western Health Board

Dublin Corporation

No. Of Samples

16

3

8

4

15

7

6
4

Men
Bq/kg

7.1

3.7

4.6

5.5

6.1

6.0

7.0
5.1

Raase
Bo/hs

2 -36
3 - 4

4 - 6

5 - 6

4 - 8

4 - 1 1

4 - 1 3

5 - 6
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5. Assessment of Radiation Exposure

A total of 800,000 sheep are slaughtered for home consumption every year. Of these, 96,000 are mountain
sheep from the areas which have been subject to monitoring.

While the majority of mountain sheep destined for the home market would undergo normal finishing
on lowland prior to slaughter, one must recognise that in the absence of restrictions on the movement
and slaughter of sheep and in spite of monitoring at slaughterhouses a certain number of such animals
may pass directly into the foodchain. In some cases this may be as a result of butchers purchasing directly
from hill farmers, with the meat being subsequently sold to a number of customers across the counter.
In other instances, an entire carcass may be stored in a deepfreeze for consumption at regular intervals
during the following months.

The group of people likely to be exposed to the highest radiation doses (called the "critical group") are
those hill farmers and their families who kill and subsequently freeze their own sheep for regular consumption
throughout the year. On a total of 31 of the farms visited, the mean activity measured in the flock was
in excess of 1,000 Bq/kg, with a maximum of 1,800 Bq/kg. If this peak value is combined with an assumed
critical group annual consumption rate of 30 kgs, the total ingested activity per individual is 54,000 Bq,
with a resultant annual effective dose equivalent of 0.76 millisievert (mSv).

For the average consumer, the results of analysis of samples of sheepmeat from butchers' shops Indicate
a mean annual effective dose equivalent of .00057 mSv (0.57 microsieverts). This figure is based on an
annual consumption rate of 6.8 kgs (8), and assumes that the mean activity in sheepmeat is 6 Bq/kg
throughout the year. Since over 80% of all sheep slaughtered for the home market are of lowland origin,
and as the majority of mountain sheep will be finished prior to slaughter, consideration of the very small
number of animals passing from the hill directly into the foodchain will increase only slightly the annual
effective dose equivalent calculated above.

The principal dose limit for members of the public recommended by the International Commission on
Radiological Protection (ICRP) is 1 mSv per year over and above natural background. The Commission
feels that a subsidiary dose limit of 5 mSv per year can be applied in certain emergency situations, provided
that the practice giving rise to the exposure is of short-term significance.

It is therefore considered prudent that the annual effective dose equivalent arising from the consumption
of sheepmeat should not exceed 1 mSv. In the case of those hill farmers deemed to constitute the critical
group, their annual effective dose equivalent would be 76% of the ICRP recommended dose limit, while
the dose which would be received by the average consumer would be less 0.1% of this limit.

For comparison purposes, it is worth noting that the average annual effective dose equivalent to members
of the Irish population from natural background radiation is 2.6 mSv. In cases where individuals live
in areas of high natural radioactivity this annual dose may be up to 30 times higher (9).

TABLE4
Radiation Doses to Consumers

Average Consumer
Consumption of 6.8 kg of lamb

with a mean activity of 6 Bq/kg

Critical Group
Consumption of 30 kgs of lamb

with a mean activity of 1,800 Bq/kg

Natural Background Radiation
Mean annual effective dose

equivalent in Ireland

Effective Dose Equivalent (mSv)

0.00057

0.76

2.6
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6. Conclusions and Recommendations

6.1 The on-farm monitoring programme has identified 1,021 animals with radiocaesium activities above 1000
Bq/kg on 158 farms in 75 of the 259 DEDs visited. This represents 3.8% of the total number of animals
monitored. Considerable variation within flocks and between different flocks in the same DED was recorded.

6.2 The normal finishing process, by which mountain sheep spend up to 12 weeks on lowland grazing prior
to slaughter, is an effective method of reducing the radiocaesium levels in the sheep. Over 99.5% of sheep
monitored at slaughterhouses showed activity levels below 200 Bq/kg, and only 5 from a total of 41,682
monitored animals exceeded 500 Bq/kg. In addition, laboratory analysis of sheepnieat sold over butchers'
counters showed a mean activity level of 6 Bq/kg for 63 samples analysed during the month of May
1988.

6.3 Less than 20% of sheep produced annually for home consumption are of upland origin, and the majority
of these would undergo normal lowland finishing prior to slaughter. In the extreme case, where hill farmers
in the worst affected areas kill directly from the mountain and subsequently consume sheepmeat in large
quantities throughout the year, the annual dose limit of 1 millisievert as recommended by the International
Commission on Radiological Protection (ICRP) would not be exceeded. The doses which would be received
by the average consumer would be less than 0.1% of this ICRP limit. Consequently it is concluded that
the regular consumption of sheepmeat does not represent a radiological health hazard.

6.4 For certain specific export markets some animals may come directly from upland grazing to the
slaughterhouse without undergoing the normal finishing process. As many of these animals are produced
in areas identified as having elevated activity levels, continued vigilance will be necessary to ensure that
exports comply with the 600 Bq/kg limit laid down by the EEC.

6.5 It is considered that a heightened awareness among the farming community of the benefits of lowland
finishing as an effective means of reducing the activity in mountain sheep would be desirable. Considerable
data are now available on radioactivity levels in all upland areas; the farmers in each affected DED should
be contacted and advice should be available through the Department of Agriculture and Food as to
how flockowners can ensure that all sheep being presented for slaughter are within the prescribed limits.

6.6 The monitoring programme presently being undertaken at slaughterhouses will need to continue for the
forseeable future. Those responsible for monitoring should concentrate on mountain sheep coming from
those areas known to be affected. Lowland sheep need no longer be monitored except oh a random
basis.

6.7 The implementation of restrictions on the movement of sheep is considered to be neither necessary
nor desirable. The highest levels recorded in Ireland are considerably less than the peak activities reported
for parts of the United Kingdom, and the normal finishing process ensures that these levels are even
further reduced prior to slaughter. With regard to the small number of animals found to have unacceptably
high radioactivity concentrations, in vivo monitoring at slaughter points has allowed these to be returned
to the individual farmer.

6.8 With regards to on-farm monitoring in future years there is little value in repeating the extensive programme
of work undertaken in 1987 and 1988. It is proposed that a small number of farms deemed to be representative
of each upland area be selected for detailed investigation. This would include not only monitoring of
the activity in the sheep, but also measurements on soil, heather and other upland plants consumed
with a view to establishing the mechanisms of uptake and transfer of radioactivity. These farms would
continue to be monitored in successive years so that temporal variations in activity could be determined.

12



Acknowledgements

The authors would like to thank officials of the Departments of Agriculture and Food and of Health
for their co-operation in completing the programme of work outlined in this report. Many of their officers
provided assistance well in excess of what one might reasonably expect, and their hard work and
professionalism brought considerable credit to both Departments. In addition, the excellent co-operation
received from the farming community, and in particular from the flockowners visited as part of the monitoring
programme is gratefully acknowledged.

Many of the staff of the Nuclear Energy Board were directly involved in the programme. Special thanks
are due to Barry Dunne, who was responsible for much of the computer programming, and to John
O'Grady and Lorraine Currivan, who assisted with the training of field staff. The manuscript was typed
by Catherine Dunning, whose patience and understanding is much appreciated.

We also thank the Board's Environmental Radiation Advisory Committee, as well as scientists working
in other institutions both at home and abroad for their valuable advice and direction.

References

1. McAULAY, I.R. and MORAN, D., 1988. Radiocaesium Fallout from the Chernobyl Accident (In press).

2. MITCHELL, P.I.; SANCHEZ-CABEZA, J.A.; RYAN, T.P.; McGARRY, AT. and VIDAL-QUADRAS, A.,
1988. Preliminary Estimates of Cumulative Caesium and Plutonium Deposition in the Irish Terrestrial
Environment. J, Radioanal. Nucl. Chem. (In press).

3. MacNEILL, G.; DUFFY, J.; COULTER, B.; DIAMOND, S.; McAULAY I.R. and CUNNINGHAM, J.D.,
1988. Research Project to Assess the Transfer of Radionuclides from Irish Soils into Agriculture Produce
(In preparation).

4. COLGAN, P.A., 1988. A Report on the Levels of Radiocaesium Activity in Mountain Sheep: October-
December 1987. Nuclear Energy Board, Dublin.

5. WALTERS, B., 1988. Chernobyl Derived Activity in Sheep: Variation within a Single Flock and with Time.
J. Environ. Radioactivity, Vol. 7,99-106.

6. MEREDITH, R.C.; MONDON, K. J. and SHERLOCK, J.C., 1988. A Rapid Method for the in vivo Monitoring
of Radiocaesium Activity in Sheep. J. Environ. Radioactivity, Vol. 7,209-214.

7. SHERLOCK J; ANDREWS, D.; DUNDERDALE, J.; LALLY, A. and SHAW, P., 1988. The in vivo
Measurement of Radiocaesium Activity in Lambs. J. Environ. Radioactivity, Vol. 7,215-220.

8. CENTRAL STATISTICS OFFICE., 1987. Supply and Utilisation Balance Sheets.

9. McLAUGHLIN, J.P. and WASIOLEK, P., 1987. Radon Levels in Irish Dwellings. Paper presented at the
4th International Symposium on the Natural Radiation Environment, Lisbon, Portugal, 7-11 December
1987.

13



Glossary of Terms

1. Radioactivity

2. Ionizing Radiation

3. Activity

4. Radionudide

5. Half-life

6. Biological
Half-life

7. Isotope

8. Caesium-137

9. Caeshun-134

10. Dose

11. Effective Dose
Equivalent

12. Becquerel (Bq)

13. Sievert (Sv)

14. milliSievert(mSv)

15. microSievert ( //(Sv)

The property of. radionuclides of spontaneously emitting ionizing radiation.

Radiation which changes the physical state of atoms which it strikes, causing
them to be electrically charged, is called ionizing radiation.

The presence of charged atoms in living tissues can disrupt normal biological
processes. Just as exposure to other forms of radiation (i.e. sunlight,
microwaves, ultraviolet light) can do harm, ionizing radiation may represent
a health hazard to man.

The term "activity" is the quantity of a radionuclide. It defines the rate at
which spontaneous emission occurs, and is measured in Becquerels.

An unstable atom, with specific nuclear characteristics, that emits ionizing
radiation.

The time taken for the "activity of a particular radionuclide to be halved. The
process which leads to a reduction in activity with time is called radioactive
decay.

Different radionuclides have different half-lives, ranging from fractions of a
second up to millions of years.

When radionuclides are present in a biological system, they can be
eliminated from that system by metabolic processes, as well as by radioactive
decay. This passage of radionuclides through the body is characterised by
the biological half-life, which defines the time taken for the activity present
in the body to be halved. For isotopes of caesium, the biological half-life in
man is approximately 110 days, while in sheep it is 10-12 days.

Different atomic forms of the same element are called isotopes e.g. caesium -
137 and caesium-134; lead-214 and lead-210. Some isotopes are stable while
others are radioactive.

An isotope of caesium with a half-life of approximately 30 years.

An isotope of caesium with a half-life of approximately 2.1 years.

A general term denoting a quantity of energy imparted by ionizing radiation.
It is usually qualified as absorbed dose, dose equivalent or effective dose
equivalent.

The quantification of dose which takes account of the effectiveness of
various types of ionizing radiation in causing harm and allows for the differing
sensitivities of different organs and tissues to ionizing radiation. Effective dose
equivalent is measured in Sievert.

The unit in which activity is measured. It represents 1 disintegration per second.

The unit in which effective dose equivalent is measured.

One thousandth of a Sievert.

One millionth of a Sievert.
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Appendix 1

District Electoral Divisions and the number of animals exceeding 10M Bo/kg

Donegal Sligo Leitrim

Meencargagh (66)
Scacor (10)
Churchill (3)
Dunlewy (3)
Crovehy (12)
Glenleheen (12)
Altnapaste (43)
Cioghan (84)
Graft; (16)
Tawnawully (2)
Templecarn (3)
Lettermore (50)
Termon (7)
Glen (3)
Pcttigo (24)
Eanymore (16)
Laghy(6)
Goland (3)
Creenasmear (38)
Dooish (47)
Clogher (38)
Tullynaught (18)
Doochary (2)

RoKommon
Altagowlan (7)
Lough Allen (5)

Kerry
Brandon (1)

Skreen (1)
Templeboy S (16)
Breencorragh (2)
Glendarragh (16)
Loughil (10)
Shancough (19)

Cavan

Dowra (5)
Derrylahan (4)
Tuam (2)
Swanlinbar (3)
Kinawley (7)
Pederavohers (1)
Benbrack (18)
Derrynananta (12)
Teebane (6)

Waterford
Cappoquin (11)
Knockaunbrandaun (2)
Graignagower (1)
Gurteen (15)
Ballysaggart (26)
Ross (1)
Ballyin (88)
Comeragh (3)
Courmaraglin (10)
Seskinan (5)
Tinnisaggart (14)
Ballymacarbry (25)

Drumahaire (8)
Arigna(2)
St. Patricks (1)
Cloonclare (8)
Manorhamilton (4)
Lurganboy (2)
Glenade (4)
Glenaniff (6)
Barnmeenagh (4)
Stalongford
Yugan (8)
Drumreilly E (11)
DrumreillyW(ll)

Tipperary
Newcastle (1)
Clogheen (12)
Templeneiry (13)
Clonbeg (6)

Mayo
Attymass E (4)

Loath
Ravensdale (15)
Drumullagh (9)
Carlingford (1)
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