








The X-radiation concentration during decay is expressed in terms of Working
Levels (WL). The Working Level is defined as the concentration of decay products
in one litre of air which ultimately results in the emission of 1.3 x 103 MeV of
®-radiation (Evans, 1969). The cumulative exposure of visitors to o«¢-radiation
is time dependent, being expressed as Working Level Months (WLM) in accordance
with months of 173 hoursl.

Definite adverse health impacts *of e¢-radiation on uranium miners have been
established. Consequently, exposure limits corresponding with those for
radiation workers have been defined. (International Commission on Radiological
Protection, 1976). These are presently:

- 4 WLM per annum

- an absolute maximum of 2 WLM per 3-month period,
with a total exposure not exceeding 4 WLM per annum.

- a cumulative total exposure of 120 WLM in any
30-year period.

These limits are likely to be lowered quite substantially, mainly as a
consequence of Swedish research (Young, 1979). Such mine standards do not apply
to caves, but are regarded as being indicative of possible problems in some caves
where highea-radiation levels are monitored (Yarborough, 1977). These limits
must be reduced by a factor of 10 for smokers (Knutsen, 1977), and by a factor
of at least 7 for respiratory infection (Creasia, et al, 1972). Members of the
general public are permitted much reduced exposures (International Atomic Energy
Agency, 1962).

- 1.5 rem to a single organ per annum

- 0.5 rem to the whole body per annum

Persons under 16 years are permitted no exposure above the general background
radiation levels.

A number of guidelines relevant to the cave situation may be extracted from
the uranium mines recommendations (Yarborough, 1977):

1. In general, public exposure should be limited to 10% of
occupational exposure, and to 3% for a large population sample.

2. 0.1 WL no problem, requiring no cavern monitoring
0.2 WL monitoring of cave annually
0.2 - 0.3 WL = semi-annual to quarterly monitoring of cave
More than 0.3 WL = problem
1.0 WL upwards = medical supervision of exposure (Young, 1979).

,To date investigation of cave radiation levels has been very limited. It
has been confined mainly to National Parks Service caves, especially Carlsbad
Caverns, in the United States. The major reported findings of these studies
are that:

- there are strong diurnal and seasonal fluctuations in concentration
(Ahlstrand, 1977; Yarborough, 1977; Seymore et al, 1980);

- these fluctuations are dependent on temperature, ventilation and,
to a lesser extent, pressure (Ahlstrand and Fry, 1978);

- the average levels of X-radiation in the monitored caves vary
from traces to 2.5 WL (Yarborough, 1978);

- concentrations of up to 18 WL have been monitored in caves
(Knutsen, 1977).

1 WLM of exposure is accumulated at concentrations of 1 WL for 173 hours -
the average monthly exposure for a 40-hour week. 1 WLM is approximately
equal to 1 .25 rems.
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Mammoth Cave has revealed a major, but not insurmountable, problem
(Yarborough, 1978). Due to the temperature-maintenance attempts of winter
sealing of the cave, alpha-radiation levels are high. It is only by solicitous
rotation of personnel between the cave and surface areas that exposure can be
maintained at levels below 4 WLM per annum.

As these ®-radiation levels monitored in caves may be regarded as
potentially hazardous, concern has been expressed about implications for both
visitors and employees. The general conclusion at this stage is that there is
no danger to visitors, because of the very limited duration of their exposure,
but that in certain instances, there may be a problem for cave guides and other
underground personnel (Oldham, 1976). Such a situation requires co-ordination
of the monitoring programme, as for example the National Parks Service does in
the United States.

In South Africa, the concentrations of &-radiation emitted by daughters of
Radon have been monitored in the gold and uranium mines. It has been concluded
that due to the good ventilation throughout the mines, there is no need for
concern about the exposure of miners in the area (Rapson, 1971). It was in this
light and that of overseas experience that a brief preliminary investigation of
the situation in Transvaal caves was undertaken. During this study emphasis was
placed on those caves visited frequently as tourist or educational sites.

THE TRANSVAAIL STUDY

During August-September (Spring) 1980 a preliminary investigation of the
of-radiation concentrations in Transvaal Karst caves was undertaken.
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Fig. 1. Distribution of caves in which «-radiation was monitored
in the Transvaal.
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Twelve caves (Fig. 1) were monitored tn provide:

- distribution throughout most of the Transvaal karst cave areas;

- coverage of existing tourist and wild caves, indluding those
with potential high intensity recreational usage, by both
tourists and speleologists;

- sack, or single-entrance caves, and transit, or multiple-
entrance caves.

Monitoring was undertaken using a precision vacuum pump with 8 filter
papers, and a scintillation scaler with digital display (Rolle, 1972). This
instrument provides a single count of total ¢-radiation activity over a
15-minute period, thereby giving a measure of the total human hazard. The
monitoring programme involved a variety of conditions and situations in the
caves (Table 1). The number and detail of sites within each cave was
determined by the characteristics of the cave and by its use. In all cases,
sites were selected to show the transition from entrance to deep cave zones,
and variations from constricted passages to large chambers as appropriate to
individual caves. Throughout the monitoring period, and in all cases, cave
ventilation was slight and inwards.

TABLE 1 : Details of a-radiation monitoring in Transvaal caves, Spring 1980.
Average Minimum Maximum
No. of a-radiation a-radiatien a-radiation

Cave Date Samples value (WL) value (WL) value (WL) Cave Nature Cave Use
Sterkfontein 23.8 6 0.006 0.003 0.01 Transit  Tourist
Wolkberg 30.8 6 0.100 0.060 0.16 Sack Tourist™"
Mimosa 1.9 2 0.010 0.009 0.01 Sack Wild
Peppercorn 1.9 1 0.030 = - Sack Water supply
Ficus 1.9 3 0.012 0.007 0.02 Sack Wild
Van Rooys 21.9" 5 0.050 0.002 0.03 Transit  Wild
Yom Tov 7.9 2 0.060 0.050 0.06 Sack™  Wild
Echo 13.9 8 0.160 0.020 0.62 Transit  Tourist
Sudwala 14.9 11 0.084 0.0007 0.15 Sack Tourist
Abe Bailey 20.9 5 0.017 0.004 0.03 Sack Educational™™*
Dripkelder 20.9 74 0.120 0.050 0.16 Sack Wild
Bolts 21.9 7 0.040 0.030 0.05 Sack Wild

One reading in the entrance passage on 6.9.1980 included
Cave gated - very little ventilation
Potential cave use

* %

The ambient external « -radiation values, in both dolomite and quartzite
areas, were 0.0001 WL, which may be regarded as normal atmospheric concentrations
(Rolle, 1981). The average background total ionising radiation level in the
Johannesburg region is 0.13 rem per annum (Atomic Energy Board, 1978). The cave
concentrations therefore are regarded as being considerably higher than those of
normal background «- radiation. The highest cave values recorded were in the
remote sections of Echo Cave, beyond the tourist section, where 0.25 and 0.62 WL
were measured. In the remote sections of both Dripkelder (wild) and Wolkberg
(potential tourist) Caves 0.16 WL were recorded. In the First Chamber of the
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Wolkberg Cave and in the Devil's Workshop of the Sudwala tourist cave 0.15 WL
was measured. These high &-radiation values corresponded in all cases, except
the Wolkberg First Chamber, with areas of poor ventilation. Caves in the
Transvaal are of limited dimension, of phreatic origin and are generally dry
except for occasional small lakes of water-table origin. These features
contribute to the limited air exchanges experienced, and frequently to
accumulations of silt and rock break-down. The Wolkberg First Chamber is
dominated by large, o0ld and inactive speleothems as well as by extensive silt
and rock breakdown deposits. By contrast, most of the low &-radiation
concentrations were measured in the entrance zones of the caves. They were
particularly associated with marked inward ventilation implying dilution by
the external atmosphere. It is most likely that during summer, with air flow
reversed and reduced, levels would be considerably higher.

EXPOSURE TO ALPHA-RADIATION IN TRANSVAAL CAVES

Exposure to cave atmospheres and thereby to &-radiation in the Transvaal
occurs on three levels: the occasional tourist visiting a commercial cave;
the speleologist or research scientist exposed for between 16 and 40 hours
per month; and the cave personnel exposed to approximately 170 hours per month.
Some committed research scientists may also fall into this latter group on an
intermittent basis according to the nature of individual research projects.

The nature of the exposure varies. The average tourist is exposed only to
easily accessible and congenial sections of a cave where dust levels are usually
fairly low. The cave guide is exposed to similar conditions for lengthy periods,
and usually has additional limited exposure to conditions more severe in terms
of accessibility and inhalation. The active speleologist and research scientist
are probably the most severely exposed visitors to cave systems though visits
are usually of less duration than guides. As the Transvaal karst caves, formed
in the Malma dolomite, tend to be of limiteddimensions and to contain substantial
silt deposits, accessibility frequently demands crawling and/or swimming, with
associated ingestion of dust and water respectively. In addition, activities in
which these persons engage frequently generate dust. High atmospheric humidities
(averaging 98%) also generate ideal conditions for the plating out of radioactive
daughters on condensation nuclei.

IMPLICATIONS FOR MANAGEMENT

The observations of Transvaal caves in Spring 1980 indicate that w-radiation
is present in the cave atmospheres of the area to a greater or lesser extent.
However, a definite pattern is not yet established. It appears that poor
ventilation is the main control, but that the occurrence of silt, dust, recent
water and rock breakdown are all contributory factors. It is possible that shale
inclusions and/or banded-ironstone may also contribute to the very high values.

It is obvious that caves in the same vicinity vary quite considerably, and
also that individual caves may vary daily. On all occasions during the
observation period ventilation was inwards being conducive to dilution of
«-radiation concentrations. It is possible that values may be increased during
summer with minimum and outward air movement. Conversely, during winter values
may be slightly lower. In addition, other caves may demonstrate quite different
characteristics.

It is apparent that under these conditions :
1. there is no danger to the casual visitor (tourist);

2. there is no proven danger to speleologists or scientists
depending upon actual length of exposure;

3. there may be some danger to cave guides where they are
continuously exposed to high levels of «-radiation, such
as at Echo and Wolkberg caves;

4. there may be some danger if prolonged exposure is

experienced in certain caves, particularly as there @s
some likelihood that concentrations would be higher in summer.
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It is therefore essential that the monitoring should be extended to other
caves and to a longer time period in order to obtain a more definite picture
of the situation in the Transvaal. In addition it is essential that a number
of problems are borne in mind when assessing the hazardousness of particular
exposure. These include the complications of smoking and respiratory infection
both of which affect the cilia in the lungs. The increased ingestion of
-radiation by speleologists must also be considered. This latter occurs during
the movement of speleologists through a cave system, and particularly when
moving close to the surface in dusty regions frequently with mouths open. It is
also ingested when radon-rich water is consumed (infrequently), although this
ingestion is not a great hazard (Somela and Kahlos, 1972).

The likelihood is that exposures of cave personnel, speleologists and
scientists to &-radiation would exceed 1 WLM per annum. In limited cases it
may be considerably higher than this and may warrant rotation of working areas
in order to reduce the dose. 1In any case, where exposure limits are likely to
be reduced and one is dealing essentially with members of the general public, a
policy of minimising exposure as far as possible is essential. The cumulative
effects of exposure must also be considered.

CONCLUSION

The present study of the ex-radiation concentrations in Transvaal caves is a
starting point - a preliminary study in order to provide some indication of the
necessity for further work in this field. * It is apparent that in view of the
fairly high readings obtained, the fact that many occur in high intensity
recreational caves, and the fact that concentrations are likely to be higher at
other times of year, further investigation should be undertaken.

In the interim it is essential that the exposure of personnel should be
limited. For example, where at least one high concentration has already been
monitored, rotation to surface occupations should be practised with cave guides.
In addition, other persons such as scientists and speleologists must be alerted
to the possible problem to which they may be exposed. It is essential that there
should be co-ordination of the monitoring programme, through the Provincial
Nature Conservation Division as this body is already legislatively protective
of caves in the Transvaal.
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