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Abstract 
A study has been undertaken of radon levels in two abandoned metalliferous mines in South-West 
England, UK, one in the county of Cornwall and the other in Devon. Measurements have been taken 
since 1992 using a variety of measuring techniques. Extremely high radon gas levels have been 
noted in these mines, one of the highest levels recorded in Europe was noted, 3,932,920 Bq m'3, not 
surprisingly, in a redundant UK uranium mine adit. The health implications for casual 
userdexplorers of such mines are shown to be considerable. 

Introduction. 

Radon and safety. 
Radon ( ^ ~ n )  is a naturally occurring gas which is formed in the decay series of "'u. It is a 
colourless and odourless gas, which is very dense and chemically unreactive. Radon decays to 
highly radioactive heavy metallic daughter products (e.g. ^PO) known as progeny. Some of the 
progeny decay by alpha particle emission. These daughter products, if retained in the lung 
through inhalation, will irradiate lung tissue by alpha particle emission (alpha particles are very 
energetic, travel short distances and cause localised damage). 

There is a substantial body of evidence to show that raised radon levels in some mines can cause 
lung cancer in miners (Muirhead et al., 1993). Muirhead et al. (1993) have shown that, in studies 
of over 50,000 miners 686 lung cancer deaths might be expected, but 2299 were noted. The 
ICRP (1993) have concluded that excessive radon levels are hazardous to health. Studies by 
Lubin and Boice (\997), Darby et al. (1998) and Field et al. (2000) have shown that raised radon 
levels in the built environment (particularly in regions designated as radon Affected Areas) are a 
health hazard. Radon in homes causes some 2,500 lung cancers deaths each year in the UK 
(Thompson et al., 1998). The US Environmental Protection Agency (EPA) has estimated that 
20,000 lung cancer deaths each year in the US can be linked to radon. 
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Cornwall Prospecting Society (DCPS). These have been resurveyed by the authors in 2000 for 
comparative purposes and the results presented here. 

There is a not insignificant community of dedicated explorers that visit abandoned mines in 
Cornwall and Devon. The DCPS estimate that there are around 4000 regular visitors to such 
mines as the ones examined in this study (Pearce, pers comm.). Therefore, there is a small section 
of the population that may be putting themselves into areas of considerable radon risk. 

Geological background. 
Tin mining has been undertaken in Britain from the time of the Pheonicians (1500-1000 BC) 
according to Hoover and Hoover (1 986). Reliable records of tin mining in Cornwall date from the 
1 2  Century (Hoover and Hoover, 1986). 

The vast quantities of copper produced in Cornwall have come from high-temperature veins with 
which were associated cassiterite, wolframite, arsenopyrite, sphalerite, pyrite and small amounts 
of pitchblende (U30g), cobalite, argentite, stibnite and galena (Dunham et al., 1978; Jackson et al., 
1989). The uranium minerals pitchblende and coffinite often occur in north-south structures with 
polymetallic mineralization, that is, nickel, cobalt, bismuth and silver (Damley et al., 1965). In the 
Land's End area pitchblende occurs with chalcopyrite in tin lodes (e.g. Geevor Mine). Small 
amounts were produced at several mines (e.g. Wheal Owles, East Pool, St. Austell, New Crow 
Hill and Trenwith: Burt et al., 1987), but only South Terras mine (national grid reference SW 935 
524; see Figure 2), south-west of the St. Austell granite pluton, was at one time worked solely for 
uranium, according to Dunham et al. (1 978) and Smale (1 993). Both Smale (1 993 and Burt et al. i (1987) suggest that tin and iron were produced from this mine in the late 1 9  Century. It is 
interesting to note that South Terras was owned by the Societe Industrielle du Radium Ltd. in 
1913, although Burt et al. (1 987) also noted that it was not worked in that year. Uranium Mines 
(national grid reference also SW 935 524) is recorded by Burt et al. (1987) as a producer of 
uranium as well as lead (plumbago) and arsenic pyrite (no detailed production returns are 
available on the latter two). Smale (1993) suggests that the active life of S. Terras mine was from 
1870- 1930, and uranium and radium were produced. 

The highest production year for uranium in the late 19"' to early 20" Centuries is 1905 when 103 
tons of ore was extracted from Uranium Mines worth approximately Â£10,00 (Smale, 1993). The 
fact that the Uranium Mines and S. Terras mines are given the same national grid reference by 
Burt et al. (1987) suggests that either these mines are right next to each other, or this is in fact the 
same mine sett. Indeed, according to Smale (1993), Uranium Mines Ltd. was formed in 1889 to 
acquire mining rights and work certain deposits in St. Stephen in Brannel parish. Uranium Mines 
were noted by A.J. Leese, the Secretary of Uranium Mines Ltd. (see Smale, 1993), as being 
formerly known as South Terras. 

Jn 1978 Dunham et a\. estimated that around 2000 tomes of uranium ore had been produced from 
the Devon and Cornwall region. Dines (1956), Dunham et al. (1978), and Jackson et al. (1989) 
suggested that 750 metric tons was produced from the South Terras mine from a 60m deep vein. 
South Terras is 1 mile SW of St. Stephen-in-Brannel, Cornwall around Tolgarrick Mill. The 
workings have been flooded since 1928 (Damley et al., 1965). In the area of this mine the 
uraniferous mineralization is of pitchblende in siderite. There is also pitchblende-coffinite in 
quartz. Smale (1993) suggests that the primary ore worked at S. Terras was uraninite and 
pitchblende, with a secondary zone of enrichment in the upper levels of the mine in the form of 
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torbemite and autunite (hydrated phosphates of copper and uranium and calcium and uranium). 
The uranium ore lode at South Terras was over 250 fathoms long with almost unbroken uranium 
mineralisation (Smale, 1993). Some parts of the lode assayed 31 percent uranium. Very high 
radon levels were recorded in South Terras. 

The country rock consists of grey and brown Lower Devonian slate of the Meadfoot Group with 
greenstone and elvan dyke intrusions (Smale, 1993). 

Kings Wood mine (SX 713 665) is 1.5 miles west of Buckfastleigh, South Devon, on the south- 
eastern side of Dartmoor (Figure 2). This mine was explored for copper (Harris, 1992) but also 
contained argentiferous galena, sphalerite, cobalt, nickel, fluorspar and barytes together with 
pitchblende-coffinite (Damley et al., 1965; Beer and Scrivener, 1982; Harris, 1992). The mineral 
vein in this mine is in Devonian slate and was probably derived from waning hydrothermal 
emissions from the granite according to Beer and Scrivener (1982). These mineralised cross- 
courses are younger than the east-west sulphide veins seen in mines in the Dartmoor and 
Gunnislake areas (Beer and Scrivener, 1982; see also Gillmore et al. 2001 a). The vein containing 
uranium ore in Kings Wood is only a centimetre to tens of centimetres in thickness and sometimes 
splits into two or three branches (Darnley et al., 1965). Uranium concentration is highest where 
the mineral lode is particularly brecciated. Pitchblende fills the fractures in the vein quartz with 
cofinite forming much of the matrix. Darnley et al. (1965) noted that mineral concentrates from 
these veins had intense point sources of alpha activity attributable to radium. 

Methods. 
The mines chosen for this study were ones that were well known by the Devon and Cornwall 
Prospecting Society for their uranium ore content. They have also been frequently visited in the 
past, although one cave (South Terras) was gated in 2000 to prevent cattle wandering into the adit 
entrance. While South Terras workings were once quite extensive a number of levels have 
collapsed, so it was only possible to visit the adit entrance section. Kings Wood is a much smaller 
mine being a simple adit cut into the hillside by a stream. 

Radon levels were measured during the months of January to December in 1992 to 1994 and in 
July 2000 for comparative purposes, using a variety of measuring methods. Mostly passive alpha 
track etch detectors were employed, following the method laid out by Green et al. (1992), from an 
NRPB approved source. In addition to the time-averaged track etch and activated carbon detectors 
electronic real time devices were used, such as a Pylon WLx and Radhome P. A Rad7 was also 
used but radon levels proved to be outside of the measuring range of that device. 

Due to the high levels of radon gas in the S .  Terras mine detectors were placed and the authors 
retreated outside the mine entranceway to minirnise exposure times. 

The radon detectors were placed on ledges within the mines where possible. They were left for 
only a short period of time in place due to the very high levels that were thought to exist in South 
Terras mine. 

Results. 
Results of this analysis are shown in Tables 1 and 2. Radon levels in South Terras mine can be 
extremely high in the mines inaccessible inner workings. The furthest point into the S. Terras adit 
that could be easily reached was 70m in. Measurements were taken at both head height and at floor 
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Assuming that F is 0.5 in such mines as these, and each visit lasted approximately 2 hours 
(following Gillmore et al., 2000b), exposure to the levels in South Terras mine (at a maximum of 
3,932,920 Bq m'3) would give an the effective dose of approximately 62 mSv per visit. This is 
substantially over the 1 mSv maximum suggested dose for a member of \he public for a year 
(IRR, 1999). 

In Kings Wood the radon gas levels are much lower (maximum of 37,000 Bq m"). Applying a 
similar formula, a 2 hour visit would give a dose of 0.6 mSv. It can be seen that it would only 
take two visits to exceed the UK annual dose limit for the general public. 

Discussion and Conclusions. 
The mines in this study, and similar ones in the South-West of England, are areas that are 
frequently visited by amateur industrial archaeologists, cavelmine explorers, cave divers and 
mineral collectors. 

It has been suggested that Marie Curie used radium extracted from South Terras mine for her 
experiments on radiation (Pearce, pers comm.). This is supported by the mine ownership in 1913. 
Smale (1993) notes that the share prospectus for Societe Industrielle Du Radium Ltd. contained 
reports on sampling at S. Terras, including one from the Madame Curie laboratory on the 
radioactivity of the water in the mine, dump material and specimens from the deep levels before 
they were submerged. Smale (1993) also noted that the superintendent of the extraction work of 
radium from the mine was Dr Marcel Leon Pochon, who is known to have worked with Madame 
Curie. 

Radon levels are lower in Kings Wood mine than one might expect (Table 2). This is because the 
area in which the uranium ore lode can be seen the mine is relatively well ventilated. 

As can be seen from the above results and discussion, these radon levels would have posed a 
significant health risk to 19Ih Century miners, and continue to pose a risk to mine explorers today. 

This study has clearly shown that very high radon levels can be found in old metalliferous mines 
in Devon and Cornwall in the UK. The risk to mine explorers can be reduced by time limiting 
visits to areas of known high radon gas levels, but the exploration of those mines by radon 
scientists is necessary in order to ascertain the levels and hence quantify risk, However, as 
illustrated by Gillmore et al. (2001b), even short exposures to radon gas levels greater than 
100,000 Bq m'3, can lead to a significant effective dose. 
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Table 1. Radon levels measured at South Terras mine (national grid reference SW 935 523). 
Cornwall, UK. 

RADON LEVEL DATE 

Last week 5/92 

1 week 6/92 

Last week 8/92 

Last week 8/92 

Last week 8/92 

Last week 8/92 

1 Last week 8/92 

>41,667 Bq m-3 
(saturated) 

- 
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POSITION and 
COMMENTS 

70m from entrance 

70m from entrance 

2.4m from entrance 

17m from entrance 

52m from entrance 

52m from entrance 

70m from entrance 
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DETECTOR 

Alpha track 
(NRPB) 

Activated 
carbon 
( S W C )  

Alpha track 

Alpha track 

Alpha track 

Pico rad 

Alpha track 



W! ~ 9 2  
ground level 

Late 12/92 52m from entrance Alpha track 

Last week 8/92 

081 1 0/92 

081 1 0192 

1 0/04/93 52m from entrance I TN-1R-31 

1 03/06/93 1 52m from entrance 

70m from entrance 

Inaccessible inner 
workings 

70m from entrance - 
head height 

16/07/93 1 52m from entrance 

Alpha track 

Pylon WLx --t 

Pico rad 

Alpha track 
(NRpB) 

Alpha track 
(NRPB ) 

-- -- 

31/07/94 1 52m from entrance 1 Alpha track 1 

. 

( 

I 

22/07/00 Outside mine entrance, Radhome P 
2m away 

22/07/00 52m from entrance Radhome P --t 
22/07/00 52m from entrance - 

ground level 
Alpha track 

22/07/00 

22/07/00 

Alpha track 52m from entrance - 1 
metre from ground 
level 

One mine visit (1 hour) Volalpha 

Personal 
Dosemeter 

- -- - 

>l,9OO,OOO Bq m-3 
[saturated) 

>3,390,000 Bq m"3 
(saturated) 

>3,400,000 Bq m'3 
(saturated) 

Table 2. Radon levels measured at Kings Wood mine (national grid reference SX 713 665). 
Devon, UK. 

DETECTOR 1 RADON LEVEL DATE POSITION and 
COMMENTS 
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- 
25/01/92 

I 
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Ore chamber Alpha track 
( N R W  

25,400 B~ m-3 
\ 



Early 6/92 Ore chamber Activated 
carbon 
(SURRC) 

3 1 /07/93 Ore chamber 

1 Pylon WLx 1 2.354 WL 1 
1 Pylon WLx 1 2.66 W L  1 

3 1/07/93 1 Ore chamber I Pylon WLx 1 2.71 WL 1 
22/07/00 Outside mine entrance, 

2m away 

22/07/00 40m from entrance 

22/07/00 , 40m from entrance - 
ground level 

Figure 1 .  Percentage of homes with concentrations of radon above 200 Bq m-3 
in the UK. 

Percentage of homes with 
concentrations of radon 
above 200 Bq m" 

>3% 
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Figure 2. Granite intrusions, associated metallic mineralisation and 
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localities of selected mines. 
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