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Abstract

The average concentrations of radionuclides of mesie and tap water in the Yaoundé area, with a glagion of 1.5
million inhabitants were estimated from measuremefitmean specific activity using a well calibra@anberra Nal(TI)
detector system. Water samples were collected fegervoirs and taps during the dry and the raiepsons respectively
in December 2002 and July 2003. The radionuclideseosed with regularity belonged to the decay seraturally
occurring radionuclides headed ByU and **°Th as well as the non-series nuclitf. The average specific activity
values obtained fol’K, ?Ra and?*Ra, respectively were for reservoir water 70k Bql' ; 8.7 +3.5 BqL'; 0.6 +
0.2 BqL* during the dry season, and 50 +9 Byl.8.5 +3.7 BqL*; 0.6 +0.2 Bql* during the rainy season and for tap
water, we have respectively 111 +17 Bql11.4 +3.7 BqLl'; 1 +0.3 BqL* during the dry season, and 51 +10 BgL
:9+3.5Bql" ; 0.7 £0.2 BqL® during the rainy season. The annual effectiveedeseived by Yaoundé adult population
as a result of ingestion of this drinking wateréspectively 0.925 mSv for the reservoir water arib2 mSv for the tap
water.

Keywords: Natural radionuclide, concentration, Nal(Tl) deter, Annual effective dose.

. 740 m. The study area was partitioned into 12 ugitd
1. Introduction water samples were collected on December 2002 agd J
” There are different forms (isotopes) of uranium but2003, corresponding respectively to the dry seasuhto

®J is the predominant contributor to natural radtiiy. the rainy season, in taps and reservoirs. 3 sagplin
The averagé®U contents in the earth’s crust have beenjocations were reservoirs namely  Ngoaekelle,
estimated to be 2.7 mg/kg and the concentrationlmeags Mimbomane, and Njoungolo which lie respectivelyaat
high as 120 mg/kg in phosphate rocks (Padztmal, latitude and a longitude of 3°51’33"N and 11°29'E3”
1996). Meanwhile, the averaé%Th content of the earth’'s 3°52'6"N and 11°33'20"E; 3°52’50"N and 11°31'33"E.
crust is about 9.6 mg/kg (Firestoeeal, 1996). Enhanced The major bedrock types of the river Nyong where th
levels of uranium, thorium and their fission protumight  water of these three reservoirs comes from inclyruisss,
be present in water in areas that are rich in Bhtur pegmatite, pegmatite schist and undifferentiatetliséc
radioactivity. As groundwater moves through fraetuin  (Olivié-Lauquetet al, 2000). Others locations were taps
the bedrock that contain these deposits radioactivgthose water is used for drinking, washing clothes,
minerals can leach out into the groundwater systermgleaning of food, for irrigation, and for variousrdestic
Uranium isotopes U, ®U and **U) have a non- uses. The sampling locations of tap water were emos
negligible  radiotoxicity (Who,  1978).  Several based on such factors as population density, hspit
radionuclides coming from the radioactive decayirtha educational institutions, etc. The water taps wérst
starting from?**U and***U are highly radiotoxic. The most turned on at full capacity for several minutes twge the
radiotoxic and most important among them is radiumplumbing system of any water which might have been
which is a known carcinogen and exists in seva@bpic  there for some time. The taps were turned down lawa
forms. The predominant radium isotopes in groundewa rate to reduce turbulence and, thus, reduce rades |
are”*Ra, an alpha emitter with a half-life of 1600 years (Watson, 1986). After the water samples were ctitb@s
and **Ra, a beta emitter with a half-life of 5.8 years mentioned above, they were transfered to 1 litgskarior
(Marovic et al, 1996). When radium is taken into the tg processing fory-spectrometry analysis. The water
body, its metabolic behaviour is similar to thatcalcium  reservoirs, which have been connected to a netwérk
and an appreciable fraction being distributed atmospipes that carry water into the residences, wenealgq
uniformly in soft tissuefNreenet al, 1985). collected using 1 litre plastic kegs.

The purpose of the present work is firstly to irtigete All the samples of water were acidified with 11 M o
the types and concentrations of natural radioneslid the (H;O", CI at the rate of 10 ml per litre of sample as soon
reservoir and tap water of Yaoundé town, capitf of  as possible after sampling to avoid absorption of
Cameroon, and secondly to estimate the annualte#ec radionuclides on to the walls of the containers as

dose exposure of the population submitted to thejocumented by the International Atomic Energy Agenc

consumption of this water. (IAEA, 1986). Marinelli beakers of 1 litre volumejacity
2 Materials and Methods previously washed, rinsed with a dilute sulphugadeaand

' dried to avoid contamination were filled with known
2.1 Sampling and Sampling Locations volume of the various water samples and later firml

The study was conducted over the Yaoundé area whickealed for, at least, four weeks to ensure thaloas of
lies at the latitude of 3°52'N and longitude of 31, radon occurs thereby ensuring a state of secular
covering a total area of 297 knwith an average altitude €quilibrium to be reached between radium isotopes a
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their respective daughters. From each location,r fouvolume. Triplicate analyses were conducted on ladl t
samples were made from water collected. water samples to check on the reproducibility cfules
and the stability of the counting system. The olera
uncertainty in the measured concentrations wasnatd

The Gamma-counting equipment was a Canberrgom the parameters contained in the above mertione
sodium iodide thallium activated Nal(Tl) Crystaltwor re|ati0n’ the calibration procedure, the peak area

model 602018'7500, serial number b 87063. The @ryst determination and the background_

used has an excellent energy resolution. The rhaltinel o o .

analyser (MCA) used for this work contains 81922.3 Determination pf Activity Concentrations and the
channels, each channel was capable of storing uf’to Annual Effective Dose

10° counts per second. The contents of the memory afte Each radionuclide concentration C, in each water
measurement can be recorded or pulse height spectrusample was evaluated using the relation:

(Knoll, 1988). The selected bias voltage of 450@ Vdc:

deviation current) used for Nal(Tl) detector emgldyfor N ( E j

this work. The typical measurement time was 36000 C = y
seconds. Because of the cosmic radiation that ruamtisly ¢l E jx | xV xt
bombards the earth’s atmosphere and the existefice o y C
natural radioactivity in environment, radiation egbrs
records some background signal which varies wighsihe . . .
and type of the detector as well as the extenthafld N (Ey): net peak area of the radionuclide of interest
Hence the knowledge of the net peak area (withbett ¢ (E ): efficiency of the detector for the enerds,
background) under the full-energy peak that appeaits 7 _ g
spectrum is important to apply the peak efficiedaya for I, : intensity per decay for the enerdy

any detector. In gamma-ray spectroscopy with Nal(TI  V: volume of the water sample

detector, for instance, the pulse height scale nhgst tc:total counting time in second (36000 sec)

calibrated in terms of absolute gamma-ray energy if . .
various peaks in the spectrum are to be propeeltitied. When analysing the total annual effective doseht t

Also, any measurement of absolute gamma-ray emissig’iman population from natural sources, the doseived
rates requires knowledge of the detector efficierityus, ~ °Y ingestion of long-lived natural radionuclides stie

the Nal(TI) detector system has to be calibrateims of ~Sonsidered. Effective doses resulting from the kataf
energy and absolute efficiency. The energy andieffcy Ra and“““Ra may be_determlned t_jlrectly from external
calibrations were done using a well calibrated ciad measurements of their concentrations in the body or
water source supplied by the International Atomiegy estimated from concentrations intake materials sachir,
Agency (IAEA), Vienna, Austria. The techniques usee foodzzgnd water. Intakes of the natural radionuslidéRa
well described elsewhere. The photopeaks obsenitid w and >®Ra through water in Yaoundé taps and reservoirs

regularity in the water samples were identifiedbétong to ~ Were calculated. Assuming the yolum;g;drinlﬂgg}qema
the naturally occuring series decay radionuclideaded ~for adult to be 1 litre/day, these intakes"0Ra and™Ra

by 2%U and 2?Th, and a non-series natural radionuclide through reservoir and tap water in all locatione ar
“% . Other radionuclides, if present, appeared rathePresented in table 2. The annual effective dose was

infrequently at low levels or occurred at leveldobethe calculated with the intake of individual radionagi and
maximum  detectable limits (MDL), statistically ingestion dose coefficients (Sv.Bq reported by the
determined at two-standard deviation analyticasrerr International Commission on Radiological Protectitm

The activity concentrations dP°Ra and??Ra were Yaoundé, we have two seasons, the dry season which
obtained indirectly from they-rays emitted by their covered 91 days and the rainy season which covzréd

progenies which were in secular equilibrum with nthe days; the equations for calculating the effectiueed(Hdw
while that of K was estimated directly by itgline of  seaso@d Hrainy seasoh and the annual effective dose (H) per

1460.8 keV. 2°Ra concentration was determined byP€'Sonare (Nour Khalifa, 2004):

2.2 Instrumentation

1)

where

measuring the 609.3 keltrays from?*“Bi. The 583.0 H = Zl. x365x% D, (2

keV y-rays of °®T| was used to determine that BfRa. i

The gamma spectroscopy analysis was carried oud by  H qryseason = z I, x91x D, (3)

sophisticated spectra-analysis program, SAMPO 90 !

(Aarnio et al, 1992) which matcheg-energies at various H rainy season= Z |, x274xD, (4)

energy levels to a library of possible isotopesisTdata i

analysis routine substracted a linear background H = Z I, x91xD, +Z |, x274%x D, (5)
i |

distribution from the pulse-height spectra of bdtte

sample and the background in addition to the net where

background peak area being subtracted from the I, andl are respectively the daily intakes of
corresponding net peak area for a particular radilide. di lide i (Ba.d)ind d rai
The activities of the radionuclides were calculafesm ~ 'adionuciide I (Bq.0) in dry and rainy season.

the difference between net peak and net backgraress, The ingestion dose coefficierD, for *Ra and**Ra
accumulation time, absolute peak efficiency, absokray  is respectively 2.2 x 1band2.8 x 10’ Sv.Bg" (ICRP,
emission probability Wray intensity) and the sample 1994).
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Table 1.Mean specific activity content (Bqt) in reservoir and tap water in Yaoundé area.

Type of Water Number of 24 Radionuclides
sample Samples K Ra “Ra
Range Mean Range Mean Range Mean
Reservoir water(dry 12 33.8-114.6  70+11 6.2-10.1 8.7+35 04-08 0602
season)
Reservoir water(rainy } } )
season) 12 23.3-83.7 50+ 9 6.1-11 8.5%3.7 0.6-0.7 0.6%0.2
Tap water (dry season) 36 74-138.6 111+17 8.4-13.8 11.4+ 3.7 03-1.6 1+03
Tap water(rainy season) 36 23.3-858 51+10 43-12.2 9+35 02-11 0.7+0.2
Table 2. The annual effective doses for the present iinyatbn.
Nuclide  Type of water | (Bg.d™)/ person H (mSv V)
8.7 (dry season)
Reservoir . 0.877
296 8.5 (rainy season)
Ra
11.4 (dry season)
Tap . 0.991
9 (rainy season)
0.6 (dry season)
Reservoir . 0.048
228 0.6 (rainy season)
Ra
1 (dry season
Tap (dry . ) 0.061
0.7 (rainy season)

3. Results and Discussions

3.1 The Mean Concentrations of Different
Radionuclides

Table 1 shows the summary of K, ?°Ra and®Ra
concentrations in sampled reservoir and tap watkeated
during the dry and the rainy seasons.

The mean concentration &fRa agreed with a range of
values obtained by many investigators namely Buahd
Burkart (1989): 10 - 43 Bqt; Mc Curdy and Russel
(1981): 0.08 - 36.4 Bql, in imported bottled water and
Dana (1987): 1.5 -124 BqLin public water supplies in
North Carolina. Thé?®Ra concentrations recorded for this
work fell within the wide range of values 0.05- 8L
quoted for the USA’s imported bottled water (Mc Gwr
and Russel 1981). The concentration values aréivelia
low during the rainy season; this could be due He t
dilution effets of rain water since the river Nyondpere
reservoir and tap water studied comes. The lowe

concentration was recorded in reservoir water doe t

treatment. The mean specific activity of uraniumtliis
type of water samples is lower than the results4(301.7

BgL™) of Tchokossa (1998) in the reservoir water of

Mukuro, in Nigeria??®Ra activity is not too different to the
result (620 + 10 mBqt) obtained by Hakam (2001) in the
drinking water from Fez locality in Morocco. Whitaey

are higher than 0.20 - 135 pCikquivalent to 0.007 - 0.05

. + .
2KA|SbOs+ 2 Haq + 9H20 - H4_A,IZSI
orthoclas kaolinite
3KAISOp +2 HY +12H
8 aq
orthoclas

muscovite

2%(aq) + 4H4Si(2(aq) +2 %ac)

20~ KALSLO, { OHp,q+ 6H,SIO, + 2 Igaq)

BgL™, obtained by Nour Khalifa (2004) in tap water from
Qena locality in Egypt. They are still within thange of
0.00 - 8.75 Bql* reported by Davickt al. (1981), quoted
by Mc Curdy and Russel (1981) for domestic bottieder
marketed and consumed in USA.

As a summary, the higher levels ‘8K observed in all
water samples are a function of the geological &irom of
the area (Watson, 1986YK is the principal naturally
occurring source of internal radiation, despite libsv
isotopic abundance (AIEA, 1986). However, becatise i
an essential biologic element which is under close
metabolic control, variations in dietary compositibave
little effect on the body content or on the radiatidose
received (NCRP, 1967). The specific activity due to
natural thorium is relatively low in all the wateamples
investigated ; this is becau$®U is more mobile than
32Th. Slight variation in the radioactivity contemt water
of the same type and from the same source can be
S(?bserved in different locations and even worldwide,
mainly due to potential changes occurring in theepi
during distribution, the oxidation state of the aratthe
concentration of suitable complexing agents whiem c
increase the solubility of uranium or thorigl@€RP, 1994).
The mineralogy of this area is dominated by orthsel
which generates mor®K (Olivié-Lauquetet al, 2000)
through the following hydrolysis reactions (Tchokas
1998):

(1)
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Figure 1. The annual effective dose received by Yaoundé sdslia result of tfé°Ra and?®Ra ingestion.

Table 3. Average values d?°Ra and??®Ra concentration in units of Bélin water samples of the investigation in

Country Type of water “Ra “*Ra Reference
h Weihai zhuo et al
China ground water 0.001-1 - (2001)
Denmark (Island tap water - - Ulback and klinder
of Bornholm) wells 0.55 - (1984)
China ground water Upto4 0.01 Ziquiang et al @98
. Bettencourt et al
Portugal mineral water 0.02 - (1988)
(F’L%Iz;\;j underground water 0.01- 0.05 - Jankowski et al @200
Egypt drinking water 0.05 0.03
(Qena) ground water 0.08 0.04 .
Egypt drinking water 0.06 0.03 Nour Khalifa (2004)
(Safaga-Qusier) ground water 0.1 0.05
USA imported bottled water - 0.05-4.6 ggg]ﬁrdy and Russel
USA bottled Water marketed - 0.0-8.7 David gf1881)
Hungary bottled mineral Water 0.1-3 - Somlai ef28102)
Tunisia springs 0.03-4 - Labidi et al (2002)
springs 0.009 - 4 0.002 - 0.6
wells 0.001- 0.025 0.0006 - 0.02
Morocco rivers 0.0008 - 0.005 0.0008 - 0.002 Hakam (2001)
cold springs 0.002 - 0.01 0.0007 - 0.003
lakes 0.0008 - 0.023 0.0006 - 0.01
North Carolina imported bottled water 10-43 - Wlerdy (1981)
North Carolina public water supplies 1.6-124 - B#h087)
well 3-135 0.34-4
- tap water 10.5-13.6 23-26
Z‘I'é’?fg‘;‘ dam 10.3-10.6 23-27 (nggg)ossa
borehole 7-16 23-4
stream 6.4-77 34-37
reservoir water (dry season) 6.2 -10.1 0.4-0.8
Cameroon reservoir water (rainy season) 6.1-11 0.6-0.7 resent work
(Yaoundé) tap Water (dry season) 8.4-13.8 0.3-1.6 P
tap water (rainy season) 4.3-12.2 02-1.1




65 R. Lydie and R. Nembal he annual effective dose due to natural

. Firestone, B. R., Shirley, S. V., Baglin, M. C.,akk

32 [S)a"y 'lma"e Of *Ra And **Ra From Water ChuY. S. and Zipkin,yJ. 1006 Thé &dition of the
amples ) o ] Table of IsotopesCD-ROM, John Wiley & Sons, Inc.

In the area under investigation, the doses recebyed Hakam, O. K. 2001. Determination and Comparisbn o

the ingestion of*Ra and***Ra are shown in figure 1. The ' Uranium and Radium Isotopes Activities and Activity
annual effective dose received by the populatiofis 0 Ratios in Samples from some Natural.

Yaoundé area as a result of the investigation df BoRa  water Sources in Moroccajournal of Environment
and”®Ra in water is estimated to be 0.877 and 0.048 mSv Radioactivity 1-15.

for reservoir water and 0.991 and 0.061 mSv foviafer.  |nternational Atomic Energy Agency. 1986.nSmary

According to ICRP recommendations (1991) the lifoit
public exposure should be expressed as an effedtige

Report on the post accident review meeting on the
Chernobyl acciden Safety Ser. 75-INSAG-1, IAEA,

of 1 mSv.y". The doses obtained in our study are nearer \jienna.

this recommendation.

4. Conclusion and Recommendations

The results of the study has indicated that theamee
specific activity concentration of°K , *Ra and®®Ra in
the reservoir and tap water in this area have sterd
values with those reported for many other countriethe
world (see table 3). This study has shown thatttarally
occurring radionuclides in Yaoundé differ in quantnd
from location to location. These observations destrate
that the radionuclide concentrations are a functibithe
geology of the area and it could be greatly inflesh by
the water transportation, precipitation and othe@marous

International Commission on Radiological Protection
1991.Recommendations of International Commission on
Radiological Protection, ICRP Publication60. Ann.
ICRP 21, N°4, Pergamon Press, Oxford.

International Commission on Radiological Protection
1994. Dose coefficients for intake of radionuclides
by Workers Pergamon Press, Oxford, ICRP Publication
68.

Knoll, G.F. 1988. Radiation Detection and Measurement
John Wiley, New York.

Marovic, G., Sencar, J., Franic, Z. and Lokobarr,
1996. Radium-226 in Thermal and Mineral Sprin§is o
Croatia and Associated Health Rislournal of

factors. The uranium and radium isotope activities gnvironmental Radioactivifyd3, 309-317.

measured in analyzed water samples are comparable Mc.Curdy
those reported in previous works throughout theldvor '

The annual effective dose received by Yaoundé adslita
result of ingestion of this drinking water are ®98Sv for
reservoir water and 1.052 mSv for tap water respeigt

Knowing that it is nearer the limit of 1mSW.yfixed by
ICRP (1991), there is a need for regular monitoring
water quality in the country as a whole since higgtiation
doses as well as low radiation doses could indeces
health effects. People can then filter this watefote

D.E. and Russel, AM. 1981. The
Concentrationof %?Ra and ?*®Rn in Domestic and
Imported Bottled Water,Health Physics40, 250-253.

National Council on Radiation Protection and
Measurement. 1967 Environmental Radiation
Measurements NCRP  Report N°50, NCRP,
Washington.

Nour Khalifa, A. 2004. Natural Radioactivity @round
and Drinking Water in some Areas of Upsgypt,
Journal of Engineering and Environmental Scien@ss

consumption, because by filtrating, the radioactive T kish 345-354.
substances that could not be dissolved have bee@livié-Lal,Jquet G., Allard, T., Bertaux, J. and Néu| J.P.

eliminated.

2000. Crystal-chemistry of suspended matter ipi¢al

Following this work, the government of Cameroon hydrosystem Nyong basin (Cameroon, Afyic€hem.
adopted the ICRP’s norms and several measuresnare iGeol 170.113-131.

process of being taken to ameliorate the qualityheke
waters.
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