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Abstract
Purpose: To determine the activities of 226Ra and 228Ra in the reservoir and spring water samples respectively during the dry and
the rainy seasons; and to calculate the annual intake Ii (Bq/y) for each type of water samples. Methods: Using both well cali-
brated Canberra NaI(Tl) and HPGe detector systems, it was possible to determine the average specific activity of those radium’s
isotopes in water samples which were collected in 2010, from Reservoirs and springs in Cameroon central region including
Ngoaekelle, Minboman, Etoudi and Njoungolo. Results: The average specific activity values obtained for 226Ra and 228Ra in res-
ervoir water samples were 8.76 ± 3.50 BqL-1 and 0.64 ± 0.28 BqL-1 during the dry season and, 8.24 ±3.48 BqL-1 and 0.58 ± 0.24
BqL-1 during the rainy season respectively. For spring water, the average values were 3.50 ± 0.63 BqL-1 and below 0.0002 BqL-1

(detection limit of 228Ra in water) during the dry season; 3.20 ± 0.60 BqL-1 and below 0.0002 BqL-1 (detection limit of 228Ra in
water) during the rainy season respectively. Assuming that the volume of drinking water for adult is 2.5 litres per day, the av-
erage annual intakes of 226Ra and 228Ra through ingestion in these water samples were 7702 Bq/y and 575 Bq/y for reservoir wa-
ter; 2993 Bq/y and < 0.25 for spring water respectively. Conclusion: The results have indicated that the annual intake by the
population of sampling region as a result of 226Ra in these drinking waters is 7.7 × 103Bq/y more than the maximum limit fixed
by ICRP which is 7 × 103 Bq/y. There is a need for regular monitoring the radiological water quality aspect in this region.
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Introduction
There are different forms of uranium but 238U is the pre-
dominant contributor to natural radioactivity.1 Enhance
level of uranium, thorium and their fission products might
be present in water in areas that are rich in natural radioac-
tivity. Several radionuclides coming from the radioactive
decay chain starting from 238U and 235U are highly radiotoxic.
The most radiotoxic and most important among them is ra-
dium, which is a known carcinogen and exists in several
isotopic forms. The predominant radium isotopes in ground
water is 226Ra, an alpha emitter with a half-life of 1600 years,
and 228Ra, a beta emitter with a half-life of 5.8year.2 When
radium is taken into the body; its metabolic behaviour is
similar to that of calcium and an appreciable fraction being
distributed almost uniformly in soft tissues.3

Methods and Materials
The study was conducted on 88 samples water coming from
reservoirs and springs. The major bedrock types of sampling
region include gneiss, pegmatite, pegmatite schist and undif-
ferentiated schist.4 Reservoir and spring water studied are

used for drinking, washing clothes, cleaning of food, for irri-
gation, and for various domestic uses. The water samples
were collected with great care, so as to reduce turbulence
and thus, reduce radon loss.5 After been collected as men-
tioned above, the water samples were transferred to 1 litre
kegs prior to processing for -spectrometry analysis.

All the water samples were acidified with 11 M of
(H3O+,Cl-) at the rate of 10 ml per litre of sample as soon as
possible after sampling to avoid absorption of radionuclides
on to the walls of the containers as documented by the In-
ternational Atomic Energy Agency.6 Marinelli beakers of 1
litre volume capacity previously washed, rinsed with a dilute
sulphuric acid and dried to avoid contamination were filled
with known volume of the various water samples and later
firmly sealed for, at least, four weeks to ensure that no loss of
radon occurs thereby assume a state of secular equilibrium to
be reached between radium isotopes and their respective
daughters. From each location, four samples were made from
water collected.
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The first Gamma-counting equipment was a Canberra sodi-
um iodide thallium activated NaI(Tl) crystal detector model
GC2018-7500, serial number b 87063. This crystal used has
an excellent energy resolution; with a typical measurement
time was 36000 seconds. The second Gamma counting sys-
tem was a Canberra High Purity Germanium (HPGe) detec-
tor, model Gx3019-7500SL, serial number 11026235; with a
counting time of 86400 seconds. Because of the cosmic radia-
tion that continuously bombards the earth’s atmosphere and
the existence of natural radioactivity in environment, radia-
tion detectors records some background signal which varies
with the size and type of the detector as well as the extent of
shield. Hence the knowledge of the net peak area (without
the background) under the full-energy peak that appears in
its spectrum is important to apply the peak efficiency data
for any detector. In gamma spectrometry, the pulse height
scale must be calibrated in terms of absolute gamma-ray en-
ergy if various peaks in the spectrum are to be properly iden-
tified. Also, any measurement of absolute gamma-ray emis-
sion rates requires knowledge of the detector efficiency.
Thus, the detector system has to be calibrated in terms of
energy and absolute efficiency. The energy and efficiency
calibrations were done using a well calibrated standard water
source supplied by the International Atomic Energy Agency
(IAEA), Vienna, Austria. The techniques used are well de-
scribed elsewhere.

The activity concentrations of 226Ra and 228Ra were indirectly
obtained from the γ-rays emitted by their progenies. 226Ra
concentration was determined by considering the 609.3
keVγ-rays of 214Bi and 583.0 keVγ-rays of 208Tl was used to

determine that of 228Ra. The gamma spectroscopy analysis
with NaI(Tl) crystal was carried out by a sophisticated spec-
tra-analysis program, SAMPO 90 which matched γ-energies
at various energy levels to a library of possible isotopes.7

Another sophisticated spectra-analysis program named Ge-
nie 2000 was used for the HPGe detector. The activities of
the radionuclides were calculated from the difference be-
tween net peak and net background areas, accumulation
time, absolute peak efficiency, absolute γ-ray emission
probability (γ-ray intensity) and the sample volume. Tripli-
cate analyses were conducted on all the water samples to
check on the reproducibility of results and the stability of
the counting system.

Results
The Annual limits of Incorporation (LAI) by ingestion rec-
ommended by the International Commission on Radiation
Protection (ICRP) are 7 × 103Bq/y for 226Ra and 9 × 103Bq/y
for 228Ra assuming an individual annual consumption of 900
litres of water (about 2.5 L per day).8 In central region of
Cameroon, there exists two main seasons. The dry season,
this covers 91 days and the rainy season which covers 274
days. Intakes of 226Ra and 228Ra through ingestion of reservoir
and spring water samples were calculated assuming that, the
volume of drinking water for adult is 2.5 litres per day. Table
1 shows the summary of 226Ra and 228Ra activity concentra-
tion and Table 2 presents the evaluation of the annual intake
of 226Ra and 228Ra in studied water samples.

TABLE 1: Mean specific activity of 226Ra and 228Ra (BqL-1) in reservoir and springs water samples.

Number
of samples

Radionuclides
226Ra 228Ra

Range Mean Range Mean
Reservoir water (dry season) 24 6.05 - 11.09 8.76 ± 3.50 0.33 - 0.89 0.64  ± 0.28
Reservoir water (rainy season) 24 5.69 - 10.28 8.24 ± 3.48 0.47 - 0.69 0.58  ± 0.24
Spring water (dry season) 20 2.66 - 5.82 3.5 ± 0.63 < 0.0002 <0.0002
Spring water (rainy season) 20 1.70 - 5.20 3.2 ± 0.60 < 0.0002 <0.0002

TABLE 2: Annual intake Ii (Bq/y) of 226Ra and 228Ra in reservoir and spring water samples.
Radionuclides 226Ra 228Ra
Water samples Reservoir Spring Reservoir Spring
Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy
Ii (BqL-1) 8.8 8.3 3.5 3.2 0.7 0.6 < 0.0002 < 0.0002
Ii (Bq/day) 22.0 20.8 8.8 8.0 1.8 1.5 < 0.0005 < 0.0005
Ii (Bq/Season) 2002 5700 801 2192 164 411 < 0.05 < 0.2
Ii (Bq/y) 7702 2993 575 <  0.25

Discussion
The mean concentration of 226Ra agreed with a range of val-
ues obtained by many investigators namely McCurdy and
Mellor in 1981: 0.08 - 36.4 BqL-1 in imported bottled water,
and Loomis in1987: 1.5 -124 BqL-1 in public water supplies in
North Carolina.9 The 228Ra concentrations recorded for this

work fell within the wide range of values 0.05- 4.6 BqL-1

quoted for the USA’s imported bottled water by McCurdy
and Mellor.10 The concentration values are relatively low
during the rainy season; this could be due to the dilution
effects of rain water. 228Ra activity is not too different to the
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result 620 ± 10 mBqL-1 obtained by Hakam et al. in 2001 in
the drinking water from Fez locality in Morocco.8 While
they are higher than 0.20 - 135 pCiL-1 equivalent to 0.007 -
0.05 BqL-1, obtained by Ahmed in 2004 in tap water from
Qena locality in Egypt.11 They are still within the range of
0.00 - 8.75 BqL-1 reported by David et al. in 1981, quoted by
McCurdy and Mellor for domestic bottled water marketed
and consumed in USA. The specific activity due to natural
thorium is relatively low in all the water samples investigat-
ed; this is because 238U is more mobile than 232Th. Slight vari-
ation in the radioactivity content in water of the same type
and from the same source can be observed in different loca-
tions and even worldwide, mainly due oxidation state of the
water, the concentration of suitable complexing agents
which can increase the solubility of uranium or thorium.

The annual intakes to the maximum activities measured in
all samples are7.7 × 103Bq/y for 226Ra, and 575 Bq/y for 228Ra.
This result shows that, the measured activities of 228Ra are
fifteen times smaller than that recommended by ICRP, and
those obtained for 226Ra are more than the maximum con-
taminant level recommended by ICRP.12

Conclusion
The results have indicated that the average specific activity
concentration of 226Ra and 228Ra in the reservoir and spring
water in this area, are comparable to those reported in pre-
vious works throughout the world. This study has shown
that the naturally occurring radionuclides in studied samples
differ in quantity from one location to another, and the ra-
dionuclide concentrations are a function of the geology of
the location. The annual intake by the population of sam-
pling region as a result of 226Ra in this drinking water is esti-
mated to be higher than the maximum limit fixed by ICRP,
assuming an individual daily consumption of 2.5 litres a day.
There is a need for regular monitoring the radiological qual-
ity of the studied drinking water from springs and reservoirs.
People can then filter this tap water before consumption,
because by filtrating, the radioactive substances that couldn’t
be dissolved have been eliminated. Following this work,
several measures have being taken by the government of
Cameroon to ameliorate the quality of drinking water in the
country.
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