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Abstract

Thirty samples of tailing waste weighing 200 g were randomly collected from
both active and inactive tunnels at the Rosterman gold mine site in western
Kenya. The average activity concentration of the radionuclides (*’K, **Th and
#®*U) analyzed by the gamma-ray spectrometry in the tailing samples was 260
+ 14.29 Bq/Kg for “K, 118 + 8.25 Bq/Kg for ***Th and 81 + 3.63 Bq/Kg for
»%U. The corresponding radiological parameters for all the collected thirty
tailing waste samples were determined from the specific mean activity con-
centrations. The average dose rate for all the samples was 54 nGy/h. The av-
erage radium equivalent value was 262 + 12.04 Bq/Kg with a range of 154 +
6.42 Bq/Kg to 350 + 10.24 Bq/Kg. The average values of external and internal
indices were 0.6 £ 0.03 mSv/y and 0.7 + 0.04 mSv/y respectively. The average
indoor and outdoor annual effective dose rates that were determined for this
study were 0.3 £ 0.02 and 0.2 * 0.01 respectively. Therefore, the tailing sam-
ples recorded doses and radiological indices below the world average per-
missible values. This implies that the radiation exposure to the miners and
general public due to tailing wastes at Rosterman gold mine poses no signifi-
cant health risk.
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1. Introduction

Natural radioactivity and the associated exposure due to gamma radiations de-
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pend on the geographical conditions and appear at different levels in the soil [1].
The specific levels are related to the type of rock from which the soil originates.
Higher radioactivity levels are associated with igneous rocks such as granitic and
silic rocks and lower levels with sedimentary rocks except Shale and Phosphate
rocks [2]. Several surveys have shown that there are a few regions in the world
that are known as high background radiation regions due to geology and geo-
chemical effects that cause enhanced levels of terrestrial radiation [3].

The main sources of external gamma radiation are due to “K, **U and **Th
with their decay products [4]. **Ra and its daughter products are responsible for
the major fraction of the internal dose received by humans from naturally oc-
curring radionuclides [2]. Among the natural radionuclides, alpha and beta
emitters are considered the most important with respect to potential internal
radiation exposure to humans particularly through ingestion of food and water
as approximately 20% of ***Ra isotope and 12% of the lead isotopes which are the
decay products of **U and *’Th considered for this study reach the blood
stream and are distributed to the whole body and follow the same metabolism as
calcium [5]. The percentage distribution of annual intakes of Uranium and Tho-
rium radionuclide decay series in diet ranges between 4% and 96% [6], as a re-
sult accumulation of these radionuclides has a vital health effects such as leuke-
mia, bone cancer and increase in blood pressure [7]. The annual global average
per caput dose from the natural background radiation is 2.42 mSv; this includes
cosmic radiations, radon inhalation and terrestrial sources [8].

Gold mining plays a major role in the Kenya’s economic growth and devel-
opment. In western Kenya (Kakamega county) has done artisanal for a period of
about forty years. Apart from being a relevant source of income for local and na-
tional economy, gold mining may be responsible for several environmentally
harmful effects; including tailing waste dumping, soil erosion, landscape deteri-
oration and pollution. During artisanal gold mining, gold is manually extracted
from open pits using hand tools, dried and then crushed. The tailing wastes are
then dumped without proper regulations which may pose radionuclides that are
harmful to human life [9]. Mining has therefore been identified as one of the
potential sources of exposure to naturally occurring radioactive materials [6]. As
a result, it is necessary for base-line studies to be carried out prior to the com-
mencement of mining activity and subsequent similar work to be done to ascer-
tain the radioactivity levels of these radionuclides that arise due to mining activi-
ties.

The present study seeks to assess the concentration levels of the radionuclides
in the tailing wastes from Rosterman gold mining site, Western Kenya so that
information could be provided for future reference. The survey study focuses on
the determination of activity concentration and radiological indices and dose

rate values.

2. Local Geology of the Study Area

The present study was conducted in Western Kenya where the Rosterman gold
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Figure 1. Map of Rosterman gold mine site [11].

mine site is situated. The Rosterman gold mine site is therefore situated in Lu-
rambi sub-county, Kakamega municipality and 3.4 km from Kakamega town
(Figure 1). Lurambi Sub County is one of the elective constituencies in Kenya
situated in Kakamega County. It is bordered by Ikolomani constituency to the
south and globally located at 0°17.569N, 34°39.812E with approximately 420
km* The population projection of Lurambi Sub County was estimated at
297,394 people according to the 2019 population census [10]. Figure 1 shows the
Rosterman gold mine area where all the samples analyzed were collected and
measurements taken using Nal(TI) gamma ray spectrometry.

The number of the houses in Lurambi Sub County is approximated at 65,121
households [10]. Currently, the population may have increased due to birth rates
and increased job opportunities as a result of the presence of the Rosterman gold
site. From Figure 1, two samples were collected from each tailing point for high
statistical impact, as a result the study area had two targeted areas, mining site
that consist of tailing tunnels and dumping site that consist of tailing wastes.

3. Sample Collection and Preparation

A total of thirty tailing waste samples were collected randomly from Rosterman
gold mining site, western Kenya. Each sample was then collected at a depth of 50
cm and had a net weight of 0.2 kg. Each raw sample was temporarily packed into
300 g plastic bottle well coded with date of collection, sample identification
number and tunnel number. The plastic bottles were sealed to avoid leakage and
contamination. The samples were then sun dried independently and ground to
ensure homogeneity [3]. The samples were then sieved with a 2 mm mesh wire
and then packed in water and air tight plastic containers and kept for at least
twenty-eight days to allow **Th and ***Ra attain secular equilibrium with their
short-lived daughter radionuclides [12].
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4. Calibration of the Instrument

Energy calibration is generally done to derive the relationship between peak po-
sition in the spectrum and the corresponding gamma ray photon energy [13]. In
this study a NaI(TI) gamma ray spectrometer was used to determine the radio-
nuclides of interest and their corresponding abundance. The calibration was
done by the standard materials obtained from the international atomic energy
agency whose activities are 4900 Bq/Kg for RG-U™', 3280 Bq/Kg for RG-Th™" and
13,400 Bq/Kg for RG-K™' [14]. Two tailing samples were run per day for a live
time of 480 minutes each. Due to the assumption that the radionuclides of inter-
est and their decay daughters had attained secular equilibrium, the activity con-
centration of *K was determined from a photo peak of 1460 KeV, *“Bi at a
gamma line of 609 KeV, *’Th at a gamma line of 2615 KeV and **U at a gamma
line of 1765 KeV [15].

5. Results and Discussion
5.1. Specific Activity Concentration

The analytical Equation (1) [16] was used to determine the specific activity con-
centrations of the three radionuclides (*’K, **Th and **U) and the mean average
activity concentration tabulated as shown in Table 1.
Np

A= M (1)
where A_is the specific activity concentration for a tailing sample in Bq/Kg, N,
is the net count rate for a particular gamma ray energy, E, p is the emission
probability for gamma ray transition energy, £, n is the detection efficiency at
particular gamma ray energy, £and A is the tailing sample mass in Kg.

In general, “K reported higher mean activity concentration in the collected
tailing samples than **Th and **U as presented in Table 1. This was attributed
by presence of minerals such as silicate in the sampled tailings [17]. The mean
activity concentration of *Th and **U were higher than the worlds average val-
ues of 45 Bq/Kg and 33 Bq/Kg respectively [6]. These values were higher due to
the change in the minerals components of the tailings as a result of difference in
the depth of the tunnels [18]. Figure 2 compares “K activity concentration in
the tailing samples collected from Rosterman gold mine site.

From Figure 2, all the samples collected registered a mean activity concentra-

tion that was less than the world’s average value of 400 Bq/Kg [6]. The wider

Table 1. Mean average activity concentration of ***U, ?*Th and “K for the tailing samples
collected at Rosterman gold mine site.

Radionuclide A_for Radionuclides
K 260 + 14.29
#2Th 118 £ 8.25
=y 81 +3.63
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Figure 2. “K (Potassium-40) activity concentration in tailing waste samples collected at
Rosterman gold mining site.

variation in the activity concentration of “/K in the thirty collected samples was
as a result of non-uniform distribution of the radionuclide in the rocks or the
tailing wastes (Figure 2). However, the mean values of “’K, *’Th and **U regis-
tered from the collected tailing samples were far below the exemption levels of
1000 Bq/Kg for ***Th and ***U and 100,000 Bq/Kg for *’K [19].

5.2. Dose Rates

The absorbed dose rate, ADR (nGy-h™') evaluated in air 1m above the ground
from various sampling points was done by converting specific activity concen-
tration to absorbed dose rate using the conversion factors of 0.043, 0.662 and
0.427 for K, **Th and ***Ra respectively [5]. To determine the annual individu-
al’s total risk, the absorbed dose rate was then converted to annual effective dose
rate (mSv-y™') using guidelines for indoor and outdoor exposures [2]. The in-
door annual effective dose rate ranged between 0.1 + 0.01 and 0.4 + 0.02 mSv/y
with an average annual effective dose rate of 0.3 + 0.01 mSv/y for all the col-
lected tailing samples. This was below the global average value of 0.41 mSv/y
[20]. The outdoor annual effective dose rate registered had a minimum value of
0.1 £ 0.00 mSv/y and a maximum value of 0.3 + 0.01 mSv/y with an average val-
ue of 0.2 + 0.01 mSv/y. This is still below the world average value of 0.48 mSv/y
[21]. Hence the radiations exposure from tailing wastes at Rosterman gold mine
poses no radiological health risk to the miners and the general public. Figure 3
shows the comparison between the annual effective dose rates

By comparison, the results of the annual effective dose rate in this research
compare well with the range of annual effective dose rate values reported for
other countries [6] as well as results from similar studies carried out in other
gold mining sites such as Ghana [22]. From Figure 3, the values obtained for
indoor annual effective dose rate were higher than the outdoor annual effective
dose rate, this is due time that is spend by the miners and general public indoor

is higher as compared to outdoor. All the samples therefore had annual effective
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dose rates below the permissible limits (Figure 3); hence the radiation exposure

from the tailing samples poses no significant health risk to the population around

Rosterman gold mine.

5.3. Radiological Hazard Indices

The radiological risk exposure by the radionuclides in the tailing samples at
Rosterman gold mining site was estimated by the respective analytical equations
[23]. Higher values of the radiological hazard indices were reported by sample
number 27 as a result of non-uniform distribution of the primordial radioiso-
topes in the crustal structure. The radiological hazard indices such as radium
equivalent, varied from one tailing sample to another indicating that there is
non-uniform crustal distribution of natural radionuclides. The hazard indices
(internal hazard index and external hazard index) and radium equivalent aver-
age values obtained from the collected tailing samples were tabulated in Table 2.

The average radium equivalent was below the global permissible limit of 370
Bq/Kg as shown in Table 2 [25], while internal hazard index and external hazard
index were also below the global permissible limit of a unit [20]. Therefore, the
radiation exposure to the public due to tailing wastes at Rosterman gold mine

has insignificant health implication.
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Figure 3. Comparison between indoor annual effective dose rate and outdoor annual ef-

fective dose rate for this work.

Table 2. The mean values of radium equivalent and the hazard indices of the tailing sam-

ples collected from Rosterman gold mine site.
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Indices Study average value Global permissible value
Internal hazard (Hin) 0.7 £ 0.04 mSv/y A unit [21]
External hazard (Hex) 0.6 £0.03 mSv/y A unit [24]
Radium equivalent (Raeq) 262 +12.04 Bq/Kg 370 Bq/Kg [6]
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6. Conclusion

The concentration levels of natural radioactivity have been determined for all
the collected tailing waste samples. Very few samples registered high levels of ra-
dioactivity concentrations due to non-uniform distribution of the primordial ra-
dionuclides in the crustal structure. However, the internal hazard index and ex-
ternal hazard index were below the global permissible or safety limit of 1 mSv/y.
The average radium equivalent was also below the world agreed value of 370
Bq/Kg and therefore the tailing wastes have insignificant exposure risk to the
miners at the gold mining site. Similar studies need to be done for several up-
coming tunnels to monitor trends in the tailing’s radioactivity concentration le-

vels.
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