
REVIEW
published: 08 May 2019

doi: 10.3389/fpubh.2019.00113

Frontiers in Public Health | www.frontiersin.org 1 May 2019 | Volume 7 | Article 113

Edited by:

Michael John Atkinson,

Helmholtz Center Munich, Germany

Reviewed by:

Tschiersch Jochen,

Helmholtz Center Munich, Germany

R. C. Ramola,

Hemwati Nandan Bahuguna Garhwal

University, India

*Correspondence:

Margaret Chege

chege.margaret@ku.ac.ke

Specialty section:

This article was submitted to

Radiation and Health,

a section of the journal

Frontiers in Public Health

Received: 07 January 2019

Accepted: 23 April 2019

Published: 08 May 2019

Citation:

Chege M, Hashim N, Nyambura C,

Mustapha A, Hosada M and

Tokonami S (2019) Radon and

Thoron; Radioactive Gases Lurking in

Earthen Houses in Rural Kenya.

Front. Public Health 7:113.

doi: 10.3389/fpubh.2019.00113

Radon and Thoron; Radioactive
Gases Lurking in Earthen Houses in
Rural Kenya
Margaret Chege 1*, Nadir Hashim 1, Catherine Nyambura 1, Amidu Mustapha 2,

Masahiro Hosada 3,4 and Shinji Tokonami 4

1 Physics Department, Kenyatta University, Nairobi, Kenya, 2 Physics Department, Federal University of Agriculture Abeokuta,

Abeokuta, Nigeria, 3Department of Radiological Life Sciences, Hirosaki University Graduate School of Health Sciences,

Hirosaki, Japan, 4Department of Radiation Physics, Institute of Radiation Emergency Medicine, Hirosaki University, Hirosaki,

Japan

In this paper, documented studies on radon and thoron concentrations in earthen

dwellings and 238U and 232Th concentrations in soil in Kenya are reviewed. High

concentrations of the isotopes were recorded in the earthen dwellings despite being

generally well ventilated. Mrima Hill in the Coast region recorded the highest thoron levels

with a mean of 652Bq m−3. Twenty five percent of dwellings had thoron concentration

in excess of 1,000Bq m−3. Notably high indoor radon levels were recorded in Taita

Taveta also in the Coast region, and in Kenyatta University situated in Nairobi in the

Central region of the country. Radon concentration in the Rift Valley region was found

to be too low to contribute significantly to radiation exposure. Based on studies on the

concentration of 238U and 232Th in soil, the Southwestern region of the country was

anticipated to have elevated radon/thoron concentrations in earthen dwellings. Existing

studies involving measurement of indoor radon and thoron, and 226Ra and 232Th in soil

are relatively few and of a small scale. More extensive studies are therefore necessary

not only to corroborate the risk projections but to also generate sufficient data to enable

countrywide mapping of indoor radon/thoron risk-prone areas.
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INTRODUCTION

Radon and thoron gases can become airborne under favorable conditions and accumulate
in confined spaces such as dwellings thus becoming significant sources of internal radiation
exposure (1). While the importance of indoor radon to lung cancer (2) is well documented,
that of indoor thoron is largely under-represented. The main source of the isotopes in
(modern) houses is soil-gas seepage through building foundation and with a half-life of 55.6 s,
thoron atoms can largely decay before exiting the foundation. The fraction that eventually
becomes airborne is often considered too low to contribute significantly to radiation exposure.
This however is not necessarily true. This is because the risk resulting from radon/thoron
exposure depends, among other factors, on the activity of the radionuclides and from a
theoretical perspective, a considerably small fraction of thoron atoms is required to produce
the same activity as radon atoms. As an example, it requires just 17 thoron atoms to produce
the same activity as 100,000 radon atoms due to the different half-lives. Even with equal
activity, risk resulting from thoron exposure is higher as thoron progeny are cumulatively
airborne for a longer period of time. According to UNSCEAR (3), the risk from thoron
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progeny based on its long-lived progeny 212Pb is about 4 times
that of an equal concentration of radon progeny. It is worth
noting that use of soil as a building material is a common
practice in Kenya. Thoron exhalation rate from soil can be many
times higher than that of radon (4, 5) hence the likelihood
of elevated thoron concentrations in earthen dwellings. This
has been observed in cave dwellings in China (6). Studies are
continually emerging linking relatively low thoron levels to
notable radiation exposure. In Germany (7) for instance thoron
concentration up to 90 Bq m−3 was associated with inhaled dose
up to 4 mSv y−1 which is nearly half the upper bench mark for
effective inhaled dose (8).

The ICRP in its latest publication proposes new dose
conversion coefficients for radon progeny (9) which have been
found to double the risk from the same as before radon
concentration (10, 11). This raises not only the toxicity index of
radon but also of thoron. The contribution of airborne thoron
alongside that of radon particularly in earthen dwellings can
therefore not be overlooked. In Kenya, a significant proportion
of the rural population resides in earthen dwellings. Though
anticipated, effects of exposure such as lung cancer are hard
to ascertain due to insufficient cancer screening equipment in
rural-based health facilities. In some instances, lung cancer is
mistakenly diagnosed and managed as pulmonary tuberculosis
(TB) (12), one of the leading causes of death in the country
(13). This paper reviews the documented studies on radon
and thoron concentrations in earthen dwellings in Kenya, in
addition to measurement 238U and 232Th in soil. This is aimed
at generating information on areas with a high risk of indoor
radiation exposure. The information provided in this report can
be used as a basis for countrywide research on the radionuclides
in different geographical and geological areas which is important
for mapping risk areas, determining radon and thoron reference
levels and also in setting up of lung cancer screening centers.

MATERIALS AND METHODS

Earthen Dwellings in Rural Kenya
House design in rural parts of the country has barely changed
over the years save for a few differences. Currently, most
dwellings bear the rectangular shape as opposed to circular one
as this allows for multiple rooms to be incorporated. Dwellings
are normally put up in family or individual-owned parcels of
land and generally, no building regulations or codes are followed
during construction. Site for a new dwelling is usually leveled,
a double wall-mesh made using long wooden poles erected, and
mud manually packed in the space between the wall-mesh. The
dwellings don’t usually contain a ceiling beneath the thatched
roof which allows for increased air circulation. Nonetheless, rural
dwellers prefer staying outdoors even when not working and
as such indoor occupancy is often approximated as between 50
and 60%.

Sampling Regions
Figure 1 shows the regions where the reviewed studies were
carried out. The sampling areas fall within three administrative
regions namely the Coast (14–16), Nairobi (Central) (17, 18)

and Rift Valley (14). The Coast study was performed in two
regions: Taita Taveta County (14) and Mrima Hill (15, 16). Taita
Taveta is located about 150 km northwest of the port city of
Mombasa and about 350 km southeast of the capital city Nairobi.
According to the 2009 census, the region has a population of
about 284,000 (of about 40 million total population). It is fairly
cool with mean temperature of about 23◦C. Mrima Hill on the
other hand is located in Kwale County in the southern region of
the country and lies at about 65 km southwest of the port city of
Mombasa. MrimaHill region straddles Kinango andMsambweni
sub-counties with a combined population of about 333,000.
Mrima Hill region is often hot and humid with temperatures
averaging 26◦C. The Nairobi study (17, 18) was carried out
in Kenyatta University located in Kahawa region off the Thika
superhighway and at approximately 20 km from Nairobi Central
Business District (CBD). Kahawa region extends into Ruiru sub-
county in Central Kenya and has a population of about 200,000.
The Kahawa region has a mild warm and temperate climate and
average temperature of about 20◦C. The Rift Valley study was
carried out in Soi. Soi is located in formerly Keiyo District (now
part of Elgeyo Marakwet County) in the Kerio Valley. Keiyo has a
population of about 143,000.

In terms of geology, Taita Taveta is characterized by
metamorphic rocks in the Mozambique belt and the Tertiary
Volcanic belt. Taita region is associated with the former and
Taveta with the latter (19, 20). The region is endowed with
an array of mineral deposits and gemstones albeit largely un-
exploited. These include red, green and yellow garnets, blue and
pink sapphire among others. Mrima Hill region on the other
hand is constituted by corals, sandy hills consisting of Magarini
sands, and Jurassic carbonatite rock formation. The region has
rich mineral deposits such as iron, manganese and niobium.
Nairobi area is underlain by tertiary volcanics characterized by
different types of clays (21) similar to most parts of Central
Kenya, while Soi is characterized by alluvial plain underlain by
gneisses. Soi region has mineral deposits such as fluorspar.

Methods
The methods used in the various studies included electret
ionization chambers, CR39 solid state nuclear tract detectors
(SSND) and activated charcoal. The electret technique consisted
of an ionization chamber fitted with an active electret. After
obtaining the initial electret voltage, the detector system was
set up in the houses of interest for 2–30 days. After exposure,
the drop on voltage was determined and correlated to radon
concentration. In the activated charcoal technique, about 50 g of
activated charcoal contained in metal canisters were used. The
canisters were deployed in dwellings of interest for a period of
48 h before being sealed and left to sit for about 3 h to allow for the
decay of thoron. Analysis was then done using Na I(Tl) detector
and radon concentration quantified based on 214Bi gamma line.
Weekly measurements were carried out for a period of 3 months.
Pairs of CR39 SSND detectors were used to simultaneously
measure radon and thoron concentrations. To achieve this, one
detector was put in a canister that retarded thoron entry such that
it decayed without accessing the detector. The difference in track
densities between the twin detectors was attributed to thoron. In
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FIGURE 1 | Map of Kenya showing the sampling regions.

the field, the twin detector detectors were set up side by side in
dwelling of interest at a distance of about 20 cm from the wall.
They were left in place for a period of 3 months. After exposure
the detectors were etched and tracks density used to quantify
radon and thoron concentrations.

RESULTS AND DISCUSSION

Radon and Thoron Research in
Traditional Dwellings
Table 1 summarizes the values of radon and thoron
measurements carried out in the three regions. Significant

levels of radon were observed in Taita Taveta region with nearly

a quarter of the dwellings registering concentrations in excess of

400 Bq m−3. The maximum concentration was about twice the
ICRP upper reference level of 300 Bq m−3. While the elevated

radon levels were attributed to reduced ventilation, high radon

exhalation rate and possibly elevated content of 226Ra in the
building materials cannot be ruled out. The documented results

do not reflect the contribution of thoron. This means that the

inhaled dose may be higher than reported.
Mrima Hill was the first region in the country to be declared a

high background radiation area after high outdoor radiation dose

of up to 106 mSv y−1 was discovered (22) in 1991. Twenty years
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TABLE 1 | Summary statistics of radon and thoron concentrations.

Region Sub-region

(number of dwellings)

Concentration (Bq m−3)

mean (range)

Radon Thoron

Coast Taita Taveta* (14)

(54 dwellings)

259 (43–407) –

Mrima Hill** (15, 16)

(20 dwellings)

35 (16–56) 652 (132–1,295)

Nairobi (central) Kenyatta University***

(17, 18)

(4 dwellings)

170 (30–315) –

Rift valley Soi* (14)

(42 dwellings)

67 (14–161) –

Measurement techniques: *electret technique; **CR39 SSNT detectors,

***activated charcoal.

later, analysis of soil samples (23) revealed high concentrations
of 232Th with a mean of 500 Bq kg−1 while that of 238U
averaged 207 Bq kg−1. That very soil was used in the construction
of dwellings in which radon and thoron measurements were
carried out. Figure 2 shows a typical dwelling found in Mrima
Hill region. The region recorded significantly high indoor
thoron concentrations averaging 652 Bq m−3. A quarter of the
dwellings had thoron concentration exceeding 1,000 Bqm−3. The
magnitude of the thoron problem in Mrima hill region may be
best understood if looked at from radon perspective. Assuming
a tentative conversion factor of four, the radon-equivalent of
thoron mean concentration becomes 2,608 Bq m−3 which is
nearly nine times the ICRP maximum reference level. The high
thoron concentration was attributed to high content of 232Th
in the building materials as well as high thoron exhalation rate
which averaged 19.6 Bq m−2 s−1. The fact that the dwellings had
fairly good ventilation did not appear to inhibit thoron build-up.
Radon concentration was markedly low, averaging 35 Bqm−3. Its
exhalation rate was nearly 5,000 times lower than that of thoron.

One of the model huts used for the Nairobi study is shown in
Figure 3. The huts studied were single roomed and un-inhabited,
and the doors and windows remained open the entire sampling
period (day and night). Radon concentration averaged 170 Bq
m−3 with a maximum of 315 Bq m−3. This was considered
rather high given the abnormally high ventilation. The relatively
high radon concentration was attributed to high porosity of the
building materials coupled with elevated concentration of 226Ra
which averaged 101 Bq kg−1, nearly three-fold the world average
of 35 Bq kg−1. Further analysis of the building materials revealed
232Th concentration about five times the world average of 30 Bq
kg−1. This implies that if non-discriminative technique was used,
and if doors and windows were shut at night as happens in
habited dwellings, the radiation levels in the model huts would
be much higher than reported. Elevated concentrations of 232Th
and 226Ra in soil have been reported in other areas in the
outskirts of Nairobi city. In Mwiki and Industrial Area (24) for
instance, 232Th concentration in soil averaged 198 Bq kg−1 and
228 Bq kg−1 respectively while that 226Ra was 96 Bq kg−1 and
159 Bq kg−1 respectively. This is crucial in that the two areas

FIGURE 2 | A dwelling in Mrima Hill region.

FIGURE 3 | Model traditional dwelling in Kenyatta University.

have informal settlements consisting of metal-walled, earthen-
floored dwellings. With high 232Th and 226Ra concentration in
soil therefore, floors of such dwellings can be important sources
of indoor thoron and radon.

In the Soi region notably low indoor radon concentrations
with a mean value of 67 Bq m−3 and 161 Bq m−3 respectively
were reported. The relatively low radon levels were attributed to
high ventilation occasioned by high temperature often witnessed
in the region. Surprisingly, the study found radon levels in
modern stone houses higher by a factor of three compared
to the earthen ones. The high radon levels were attributed to
uranium-bearing minerals possibly incorporated in fluorspar
deposits in the building stones. In addition, themodern dwellings
were found to be more airtight when compared with earthen
dwellings. Concentrations of 226Ra and 232Th in the soil and
stone are however not given in the reviewed report. The report
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does not discuss thoron concentration in either earthen or
modern dwelling.

Potential Risk Areas in Kenya
One area of interest in terms of potential for elevated indoor
thoron concentration is the southwestern region of the country.
This is home to Homa and Ruri mountains which are considered
high background radiation areas. In the Homa Mountains,
activity concentrations of 232Th and 226Ra in soil with means
of 409 Bq kg−1 and 195 Bq kg−1 and highs of 1,447 Bq kg−1

and 1,369 Bq kg−1 are documented (25). Radioactivity levels
were higher in Ruri Mountains (26) with 232Th concentration
averaging 1,396 Bq kg’1 with a high of 6,559 Bq kg−1 and 238U
averaging 178 Bq kg−1 with a maximum of 499 Bq kg−1. Clearly,
232Th is the main source of radiation exposure in the regions and
given that traditional earthen dwellings are a commonplace in
the region, thoron is likely to contribute significantly to the total
radiation dose.

CONCLUSION

This paper reviews thoron and/or radon studies involving
collectively 66 earthen dwellings in the Coast, Rift Valley and
Nairobi (Central) regions of Kenya. Evidently, in addition to

radon, thoron is a potential source of radiation exposure in
earthen dwellings typical to rural Kenya. In the high background
radiation area of Mrima Hill, a quarter of the dwellings studied

had thoron concentration of over 1,000 Bq m−3. Taita Taveta
region also reported elevated concentrations of indoor radon, as
did Nairobi area. For the most part, normal ventilation did not
seem to effectively prevent the build-up of the isotopes in indoor
air. Additionally, high 238U and 232Th concentrations in soil were
observed in Mwiki and Industrial Area within the larger Nairobi
region, as well is in Homa and Ruri Mountains in Southwestern
region of the country. Based on reviewed reports on indoor
radon/thoron levels and the concentrations of 238U and 232Th
in soils, an increasing order of high risks of radon/thoron
exposures is likely to be reported in Coast, Nairobi (Central) and
Southwestern regions of the country whereas low risk is expected
in the Rift Valley region. However, more representative studies
on indoor radon and thoron as well as measurement of 226Ra
and 232Th concentration in soil are required in these regions to
corroborate these projections.
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