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Abstract 
Ionising radiation has the ability to induce, inter alia , DNA damage 
and is well established as a causative agent of carcinogenesis and 
mutagenesis. Whereas the effects of high doses of radiation of short 
duration have been well documented, the biological effects of long
term exposure to low doses is not as clearly understood and current 
risk estimates are largely extrapolated from high-dose data of atomic 
bomb survivors. This study evaluated the clastogenic effects of low 
dose ionising radiation on a population of bats (Chimptera ) residing 
in an abandoned monazite mine. Bats were sampled from two areas 
in the mine, with external radiation levels measuring around 20 IlSvl 
hr (low dose) and 100 IlSv/hr (high dose). A control group of bats 
was sampled from a cave with no detectable radiation above normal 
background levels. 

Although experimental studies have shown that exposure to 
radiation may lead to the onset of fibrosis and an inflammatory 
response in the lung and other tissue, the magnitude of the dose 
exposure was not comparable to this study and histological 
examination of bat lung and liver tissues showed no morphological 
changes in radiation exposed bats when compared to the control 
group. 

The most frequently encountered genetic event in human 
malignancy is the alteration of the p53 gene, which regulates cell 
division by arresting cells in the G, phase of the cell cycle to allow 
for DNA repair. Mutant p53 proteins have a longer half-life than 
wild-type and accumulate to high levels in the nucleus of tumour 
cells. 

The micronucleus assay used to evaluate residual radiation 
damage in binucleated lymphocytes showed that the micronucleus 
frequency was higher in the test group than the control group. This 
study showed that bats exposed to radiation also presented with an 
increased number of micronuclei in reticulocytes compared to the 
control group. The Single Cell Gel (Comet) assay is a means of 
evaluating clastogenecity of exposure to environmental agents 
including radiation at the level of individual cells. Bats exposed to 
radiation showed increased DNA damage as shown by the length of 
the comet tails. The results of the micronucleus and the comet assays 
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showed not only a statistically significant difference between test 
and control groups, but indicated a dose dependent increase in DNA 
damage. These assays may thus be useful in evaluating the potential 
clastogenecity of exposure to continuous low doses of ionising 
radiation. 

Chronic radiation exposures may give rise to a number of 
specific haematological defects, which are collectively termed 
"preleukemia" or myelodysplastic syndrome. This study evaluated 
the haematopoeitic effects of continuous low dose ionising radiation 
on a population of bats (Chiroptera) residing in an abandoned 
monazite mine. Bats were sampled from two areas in the mine, with 
external radiation levels measuring around 20 IlSv/hr (low dose) and 
100 IlSv/hr (high dose). A control group of bats was sampled from a 
cave with no detectable radiation above normal background levels. 
Whole blood was collected into EDT A and full blood counts were 
performed. A significant decrease in the MCV indicated that 
erythrocytes from the radiation exposed bats were microcytic. 
Differential counts were performed on the peripheral blood of the 
bats and statistical analysis showed a highly significant decrease in 
the neutrophil count in all but one group, and a significant increase 
in the lymphocyte count in all but the same group. Absolute counts 
were calculated and although some lymphocyte counts from exposed 
bats differed significantly from the control group (p<0.05), all 
neutrophil counts in exposed bats showed a highly significant 
decrease (p<O.OOI). Neutrophils showed marked dysplasia in 
radiation-exposed bats and pseudo-Pelger Huet cells, common in 
radiation-exposed individuals, were observed and enumerated. All 
radiation-exposed groups differed significantly from the control 
group. Cytochemical analysis using DAB myeloperoxidase showed 
that control bats had hypogranular neutrophils and radiation-exposed 
bats had largely agranular neutrophils. Bone marrow biopsies were 
taken both from control and from radiation-exposed bats and 
evaluated for cellularity, granulocyte: lymphocyte: erythrocyte 
(GLE) ratio and megakaryocyte morphology. A hypocellular bone 
marrow, a decreased granulocytic haematopoeisis and dysplastic 
megakaryocyte morphology were observed in radiation-exposed 
bats. As the morphology of the bone in radiation-exposed bats 
appeared abnormal , mineralization of bone was determined using 
image analysis and compared to the control bats. Analysis showed a 
highly significant decrease in the percentage mineralization of the 
bone from radiation-exposed bats. All features observed are 
congruent with current literature describing secondary (radiation
induced) myelodysplastic syndrome. As there is considerable debate 
as to what dose radiation exposure is harmful, the results of these 
findings may prove significant in establishing haematopoeitic effects 
of continuous low dose exposure to ionising radiation. 



RESEARCH FUNDS AND GRANTS 
The HCRA Research Fund 
The British Cave Research Association has established the BCRA Research Fund to promote research into all aspects of speleology in Britain and 
abroad. A total of £2000 per year is currently available. The aims of the scheme are primarily: 
a) To assist in the purchase of consumable items such as water-tracing dyes, sample holders or chemical reagents without which it would be 
impossible to carry out or complete a research project; 
b) To provide funds for travel in association with fieldwork or to visit laboratories that could provide essential facilities; 
c) To provide financial support for the preparation of scientific reports. This could cover, for example, the costs of photographic processing, 
cartographic materials or computing time; 
d) To stimulate new research that the BCRA Research Committee considers could contribute significantly to emerging areas of speleology. 
The award scheme will not support the salaries of the research worker(s) or assistants, attendance at conferences in Britain or abroad, nor the 
purchase of personal caving clothing, equipment or vehicles. The applicant must be the principal investigator, and must be a member of the BCRA 
in order to qualify. Grants may be made to individuals or groups (including BCRA Special Interest Groups), who need not be employed in 
universities or research establishments. Information about the Fund and application forms for Research Awards are available from the Research 
Fund Administrator (address at foot of page or e-mail research-fund@bcra.org.uk). 

Ghar Parau Foundation Expedition Awards 
An award, or awards, with a minimum of around £1000 available annually, to overseas caving expeditions originating from within the United 
Kingdom. Grants are normally given to those expeditions with an emphasis on a scientific approach and/or pure exploration in remote or little 
known areas. Application forms are available from the GPF Secretary, David Judson, Hurst Barn, Castlemorton, Malvern, Worcestershire, WRI3 
6LS, e-mail: d.judson@bcraorg.uk. Closing dates for applications are: 31 August and 31 January. 

The E K Tratman Award 
An annual award is made for the most stimulating contribution towards speleological literature published within the United Kingdom during the 
past 12 months. Suggestions are always welcome to members of the GPF Awards Committee, or its Secretary, David Judson (see above for contact 
details), not later than 31 January each year. 

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS 
Cave and Karst Science - published three times annually, a scientific journal comprising original research papers, reports, reviews and discussion 
forum, on all aspects of speleological investigation, geology and geomorphology related to karst and caves, archaeology, biospeleology, 
exploration and expedition reports. 
Editors: Dr D J Lowe, c/o British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK, (e-mail d.lowe@bcra.org.uk) and Professor J Gunn, 
Limestone Research Group, University of Huddersfield, Queensgate, Huddersfield, HDI 3DH, UK (e-mail j.gunn@bcra.org.uk). 

Speleology - published three times annually and replacing BCRA's bulletin 'Caves & Caving '. A magazine promoting the scientific study of caves, 
caving technology, and the activity of cave exploration. The magazine also acts as a forum for BCRA's special interest groups and includes book 
reviews and reports of caving events. 
Editor: David Gibson, 12 Well house Drive, Leeds, LS8 4BX, (e-mail : speleology@bcraorg.uk). 

Cave Studies Series - occasional series of booklets on various speleological or karst subjects. 
No. I Caves and Karst of the Yorkshire Dales; by Tony Waltham and Martin Davies, 1987. Reprinted 1991. 
No.3 Caves and Karst of the Peak District; by Trevor Ford and John Gunn, 1990. Reprinted with corrections 1992. 
No. 4 An Introduction to Cave Photography; by Sheena Stoddard, 1994. 
No.5 An Introduction to British Limestone Karst Environments; edited by John Gunn, 1994. 
No. 7 Caves and Karst of the Brecon Beacons National Park; by Mike Simms, 1998. 
No.8 Walks around the Caves and Karst of the Mendip Hills; by Andy Farrant, 1999. 
No.9 Sediments in Caves; by Trevor Ford, 200 I 
No. 10 Dictionary of Karst and Caves; by D J Lowe and A C Waltham, 2002. 
No. II Cave Surveying; by A J Day, 2002. 
No.12 Underground Britain-Legal + Insurance Issues; (2nd extended/revised edition) by David Judson, 2005. 
No 13 Exploring the Limestone Landscapes of Upper Whaifedale; by Phillip Murphy, 2003. 
No.14 Swildon's Two and Three; by Dave Irwin, 2004. 
No.15 Exploring the Limestone Landscapes of The Three Peaks + Malham; by P Murphy, 2005. 

Numbers 2 and 6 are out of print, but have been updated by numbers II and 10 respectively. 
Speleohistory Series - an occasional series. 
No.1 The Ease Gill System - Forty Years of Exploration; by Jim Eyre, 1989. 

BCRA SPECIAL INTEREST GROUPS 
Special Interest Groups are organised groups within the BCRA that issue their own publications and hold symposia, field meetings, etc. 
Cave Radio and Electronics Group promotes the theoretical and practical study of cave radio and the uses of electronics in cave-related projects. 
The Group publishes a quarterly technical journal (c.32pp A4) and organises twice-yearly field meetings. Occasional publications include the 
Bibliography of Underground Communications (2nd edition, 36pp A4). 
Explosives Users' Group provides information to cavers using explosives for cave exploration and rescue, and liaises with relevant authorities. The 
Group produces a regular newsletter and organizes field meetings. Occasional publications include a Bibliography and Guide to Regulations, etc. 
Hydrology Group organizes meetings around the country for the demonstration and discussion of water-tracing techniques, and organizes 
programmes of tracer insertion, sampling, monitoring and so on. The Group publishes an occasional newsletter. 
Speleohistory Group publishes an occasional newsletter on matters related to historical records of caves; documentary, photographic, biographical 
and so on. 
Cave Surveying Group is a forum for discussion of matters relating to cave surveying, including methods of data recording, data processing, survey 
standards, instruments, archiving policy, etc. The Group publishes a quarterly newsletter, Compass Points (c.16pp A4), and organizes seminars and 
field meetings. 

Copies of BCRA Publications are obtainable from: Ernie Shield, Publication Sales, Village Farm, Great Thirkleby, Thirsk, North Yorkshire, Y07 
2AT, UK. 

BCRA Research Fund application forms and information about BCRA Special Interest Groups can be obtained from the BCRA Honorary 
Secretary: ·John Wilcock, 22 Kingsley Close, Stafford, STI7 9BT, UK. 




