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Radioactivity in some sachet drinking water
samples produced in Nigeria

O.S. Ajayi' and G. Adesida
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Background: Activity concentrations of 40K,
226Ra and 228Ra were measured in some sachet
drinking water samples produced in Nigeria.
Materials and Methods: The measurement was done
by using high-purity germanium (HPGe) detector
(Canberra Industries Inc.). The measured activity
concentrations for 226Ra (U-series) and 228Ra (Th-
series) were used with their ingested dose conversion
factors to estimate annual effective doses for the
International Commission on Radiological Protection
(ICRP) age groups O - 1y, 1 - 2y, 2 - 7y, 7 - 12y, 12
- 17y and >17y from consumption of the water
samples. Results: Measured activity concentration
values varied from 0.57+0.21 to 34.08+5.61 Bq I,
2.22+0.97 to 15.50+4.51 Bq It and 0.04+0.01 to
7.04+1.16 Bg It for the radionuclides respectively.
Estimated total annual effective doses varied from
4.73t0 49.13, 1.21to 12.26, 0.86to 8.54, 1.22 to
11.66, 3.40to 28.98 and 0.68 to 5.04 mSv y1 for
the age groups respectively. The highest total annual
effective dose was found in Tisco sample while the
lowest was found in Focar sample. Conclusion: The
total annual effective dose in all samples considera-
bly exceeded the average worldwide ingestion
exposure dose value of 0.12 mSv y?1 from uranium
and thorium series reported by the United Nations
Scientific Committee on Effects of Atomic Radiations
(UNSCEAR). Therefore the Nigeria populace is advised
to consume less of these water samples. Iran. J.
Radiat. Res., 2009; 7 (3): 151-158

Keywords: Natural radioactivity, sachet water,
effective dose, water quality parameter, ingested dose
conversion factors.

INTRODUCTION

Radioactivity, the term used to describe
the decay of atomic nucleus, has existed
since time began on earth. Its origin has
been traced to (i) a number of naturally
occurring radioactive materials (NORM),
which are present in soils, rocks, the floors
and walls of dwellings, offices or schools, in
the food humans eat and drink, in the air
humans breathe and in human bodies and
(i) man-made or artificial sources. Humans

have always been exposed to natural
radiation arising from the earth as well as
from outer space. Naturally occurring
radioactive materials enter the human body
through two main pathways — by inhalation
of radioactive gases like radon and dust, and
ingestion of primordial radionuclides 40K,
232Th and 238U as well as their radioactive
progenies. The decay of inhaled or ingested
radionuclides gives rise to internal exposure
of the tissues and organs in the human
body.

The United Nations Scientific Commit-
tee on Effects of Atomic Radiation
(UNSCEAR) @ has reported that the
average worldwide exposure to natural
sources 1in foods and drinking water
(ingestion exposure) is 0.29 mSv y1 (about
0.17 mSv y! from 4°K and about 0.12 mSv y’
1 from Uranium and Thorium).

In Nigeria, consumption of sachet
drinking water has widely increased in
recent years. This is partly due to growing
awareness that the consumption of unsafe
or untreated drinking water is the cause of
many diseases especially water-borne
diseases. Therefore it is important to set an
enhanced trend of sachet water consump-
tion in both rural and urban areas of the
country. The World Health Organisation
(WHO) has recommended safe values for
various drinking water quality parameters
in its general guidelines @- These guidelines
have been used by different countries, e.g
the USA and EU to formulate their own
national water quality guidelines. The
increasing consumption of sachet drinking
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water by people of all ages — infants, chil-
dren and adults alike — calls for evaluation
of its  suitability for consumption since its
quality varies from source to source. Such
evaluation will assist in assessing potential
radiation doses so that remedial action or
steps can be taken if necessary to avoid
undue exposure of consumers. UNSCEAR @
report provides information on natural
radionuclides in drinking water for some
countries in North America, Asia and
Europe but no such information exists for
African countries.

In Nigeria, the National Agency for
Food and Drug Administration and Control
(NAFDAC) has formulated sachet drinking
water quality standards and has been
enforcing the standards. The standards
emphasise the physico-chemical parameters
(non-radioactive contaminants) at the
expense of natural activity concentration
limits. Many of the producers of sachet
drinking water in Nigeria have not been
processing and sealing their water as recom-
mended by WHO.

Radioactivity contents have been meas-
ured in drinking water in different countries
by using various analytical methods -9,

In this work, we used the method of
gamma spectrometry to determine the
activity concentrations of 49K, 226Ra and
228Ra in various sachet drinking water
samples processed in Akure, Nigeria. The
measured activity concentrations were used
to estimate annual effective doses from
intakes of 226Ra and 228Ra by the population
living in the city. The data generated
through the study will provide information
on natural radioactivity in sachet drinking
water for Nigeria and add to the existing
sparse data on radioactivity in drinking
water in UNSCEAR data bank.

MATERIALS AND METHODS

Analysis of Chemical parameters

Two samples per brand of fifteen
different sachet water samples, making a
total of 30 samples, were bought from their
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different producers in Akure, Southwestern
Nigeria. All the samples were first analyzed
for non-radioactive contaminants. The pH of
the water samples was measured using
Ph211 meter (Hanna Instruments Inc.) with
combined electrodes. The calibration of the
Instrument was carried out using 4, 7 and 9
buffer standard solutions. The samples were
analysed for sodium (Na), magnesium (Mg),
and calcium (Ca) using the Model 200
Atomic  Absorption Spectrophotometer
equipment. Quantitative analysis technique
10 was used to analyse the samples for
chloride (Cl) and bicarbonate (COs2) while
colorimetric method at an absorbance of 420
nm was used to analyse them for nitrate
(NOs) and sulfate (SO42).

Radioactivity measurement

The activity concentrations of the
water samples were measured using high-
resolution high purity germanium (HPGe)
vertical co-axial detector (Canberra Model
GC 2018-7500, series number 87063)
coupled to a Canberra Multichannel
Analyzer (MCA) computer system. The
detector was enclosed in a 100 mm thick
lead shield to reduce the natural external
background radiation. The energy and
efficiency calibrations of the spectrometer
were carried out using standard water
sources emitting gamma rays in the energy
range 200 — 1500 keV, covering all gamma
energies of radionuclides of interest. The
calibration techniques are described in
TIAEA (D, Each water sample was placed on
top of the HPGe detector and counted for
36,000 s. An already washed empty 1-1
Marinelli beaker was kept on the detector
for the same counting time (36,000 s) under
identical geometry to determine the back-
ground radiation level of the laboratory
environment. The prominent photo peaks
observed with regularity in the spectra of
the samples were identified as those of the
radionuclides in the natural decay series of
238 and 232Th, and the non-series 4°K. The
analysis of the precursor radionuclides
depends on the daughter gamma ray energy
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peaks of the decay products in equilibrium
with their precursor nuclides. 226Ra activity
concentrations were estimated from its
gamma ray peak of 609.3 keV from 214Bi.
The 583.1 keV gamma ray of 208T] was used
to estimate the activity concentration of
228Ra. The activity concentration of 4K was
estimated by using its own gamma ray
photopeak at 1460.2 keV. The activity
concentration analysis was carried out using
a user-friendly SAMPO 90 spectra analysis
software, which matched various gamma-
energy peaks to a library of possible
radionuclides.

Calculation of annual effective dose

Estimation of annual effective dose Eg
(Sv y'1) to an individual due to the consump-
tion of 226Ra and 228Ra present in the sachet
drinking water was done using the following
relationship:

Eqs = AAC, (1)

by Alam et al (12 where Ac is the activity
concentration of the radionuclide in the
sachet water (Bq 1), A; is the annual intake
of sachet drinking water (I y'!) and Cr is the
ingested dose conversion factor for radionu-
clides (Sv Bql), which varies with both
radionuclides and the age of individuals
ingesting the radionuclides. The total
effective dose D (Sv y'1) to an individual was
established by summing contributions from
all radionuclides present in the water
samples i.e.
D = YAACt 2

The conversion factors used in the
estimations were taken from DWAF (3. The
annual effective dose was calculated for the
six ICRP @9 age groups 0 - 1y, 1 — 2y, 2 — 7y,
7 — 12y, 12 — 17y and >17y old with annual
average water intake of 200, 260, 300, 350,
600 and 730 litres respectively.

RESULTS AND DISCUSSION

The results of the measurement of the
non-radioactive contaminant in the sachet
water samples are presented in table 1. The

Radioactivity in drinking water samples

pH of the samples varied from 7.1 to 7.6.
Primus, Tisco and DPC with pH of 7.1 are
nearly pure water. Other samples are
alkaline with Febtolene being the most
alkaline sample. The most variable of the
non-radioactive contaminants was Chloride
that ranged from 104.4 to 362.8 mg/ 1. The
least variable was Nitrate that varied from
10 to 23 mg/l.

Measured activity concentrations of
226Ra and 228Ra, which are the decay product
of 238U and 232Th, respectively as well as
that of 40K in the sachet water samples are
presented in table 2. The activity concentra-
tions of 40K, 226Ra and 228Ra ranged from
0.57+0.21 to 34.08+5.61 Bq kg1, 2.22+0.97 to
15.50+4.51 Bq kg! and 0.04+0.01 to
7.04+1.16 Bq kg respectively. Zion sample
had the highest concentration of 4K while
Josta had the lowest concentration. The
highest and lowest activity concentration
values of 226Ra were found in Chiva sample
and Focar sample respectively. While the
highest concentration of 226Ra was found in
Tisco, the lowest was found in C.P.W. These
variations are attributable to the different
sources of the water samples. The mean
activity ~ concentration  values were
19.09+10.05, 7.75+4.28 and 2.03+£1.95 Bq kg’
1 for 40K, 226Ra and 228Ra respectively. Thus
4K  contributed the largest activity
concentration while 226Ra contributed least
activity in the water samples. The + values
associated with the mean values represent
the variability (standard deviation) in the
activity concentration values of the
radionuclide. The table shows that the
activity concentrations of 226Ra in all the
samples exceeded the limit of 1.00 Bq 1!
recommended by IAEA @V, This is found to
be greater than wvalues reported for the
U.S.A and Poland as shown in table 3.

The mean activity concentration of
2.03+£1.95 Bq kg! obtained for 228Ra in the
water samples was above the value of
1.06+0.31 Bq 1! reported for commercialized
drinking water from Tunisia ™.

The results of the calculated age-
dependent annual effective dose (mSv y1)
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Sample No. Sample name

Table 1. Concentration of chemical parameters (mg1) of sachet water samples.

Sample pH Na Mg Ca CI  SO& NO3 O
Amuye 76 385 403 306 1853 880 225 624
Mitokeba 7.5 329 514 404 2421 550 115 61.0
Tosta 73 505 605 695 2059 670 230 582
Febtolene 76 514 556 705 3621 505 160 622
Bofa 74 605 601 601 2201 725 105 818
Primus 71 427 454 303 1356 600 100 222
Feotamy 73 455 568 564 2308 205 115 466
Dabmot 75 551 505 609 3479 550 230 63.0
CPW 73 312 642 706 3628 550 105 820
Focar 74 408 483 805 3231 205 120 1010
Chiva 72 205 356 379 2201 880 225 622
Tisco 71 109 389 405 1527 525 160 230
DPC 7.1 195 305 255 1044 525 160 224
Yem-Saw 7.3 407 513 507 2272 595 115 420
Ziot 75 535 601 602 2393 205 105 63.0

Table 2. Activity concentration of different radionuclides present in the water samples.

Activity concentration (By Y

b 2R a B Ra
1. Amuye 1053+ 378 411£1.88 0.74H) 32
2 Mitoleba 58+ 2.86 4324204 3.93481.07
2 JTosta e n R 4 30+1.87 3.5241.20
4, Febtolene 487+ 1.51 2901066 0438017
% Bofa 1812+ 4.32 770230 1.13H) .72
&, Primus 33.85%11.23 2.11£3.12 040413
7. Feotamy 1742+ 6.07 8622 64 1.79H) .67
B. Dabm ot 314611208 7.0412.13 0564 .22
8. CPW 2771 7.60 14,4013 42 004401
10, Focar 20571 6.34 2.22+0.97 0.44H) 08
11. Chiva 22.01% 0.26 15.5044.51 2.70£1.30
12. Tisco 14,10+ 3.82 7338101 7044116
13, DPC 1633+ 0.11 L1DzEER 11 1.37H).09
14, Tem -Saw 2402+ 4.11 134543 38 30240 .64
15, Zion 34 08+ 561 4271148 4 0411 .40
Fange 0.57 - 3408 2.22-15.50 0.04 =704
IMean 12.09 a5 2.03
Standard deviation 10.05 425 15895
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Table 3. Comparison of 226Ra activity concentration range in

drinking water from different countries.

Country Concentration
range (mBq 1')
U.S 0.4—1.82
France 7.0 — 7002
Finland 10.0 — 490002
Germany 1.0 — 18002
Ttaly 0.2 — 12002
Poland 1.7—4.52
Spain <20 — 40002
Turkey (Istanbul) 11 — 36>
Turkey 3 — 45¢
(Eastern Black Sea)
Nigeria 2220 — 155004

aUNSCEAR, 2000 @
bKarahan et al. 2000 (19)
cCevik et al. 2006 ©®)

Radioactivity in drinking water samples

are presented in table 4. The table shows
that the annual effective dose due to the
intake of 226Ra in the water samples varied
from 2.09+0.91 to 14.57+4.24 mSv yl,
0.55+0.24 to 3.87+1.13 mSv y'1, 0.41+0.18 to
2.88+0.84 mSv y1, 0.62+0.27 to 4.34+1.26
mSv y1, 2.00+0.87 to 13.95+4.06 mSv yi,
and 0.45+0.20 to 3.17+0.92 mSv y! for age
group0—-1y,1-2y,2-Ty,7T—-12y, 12 —
17 y and >17 y respectively. The annual
effective dose due to the intake of 228Ra
ranged from 0.24+0.06 to 42.24+6.96 mSv y’
1,0.06+0.02 to 10.43+1.72 mSv y'1, 0.04+0.01
to 7.18+1.18 mSv y1, 0.05+0.01 to 9.61+1.58
mSv y1, 0.13£0.03 to 22.39+3.69 mSv y'! and
0.02+0.01 to 3.55+0.58 mSv y! respectively
for age group0—-1y,1-2y,2-T7y, 712
y, 12 — 17 y and >17 y. The mean annual
effective doses from 226Ra to the six age
groups are 7.29+3.86, 1.93+1.03, 1.44+0.77,
2.17+1.15, 6.98+3.70 and 1.58+0.84 mSv y'!
respectively and that due to 228Ra in the

dThis study samples are 25.79+53.36, 3.08+2.79,
2.12+1.92, 2.844+2.57, 6.60+5.99 and
Table 4. Annual effective dose (mSv y1) for the six age groups.

SAMPLE 215Ra

0-1y 1-2v 2-Ty 7-12v 12-17y =1y
Amuve 3.86x1.86 1.03z0.49 0.76x0.37 1152035 3.70£1.78 0.84z0.41
Nitokeba 4061192 1.08£0.31 0814038 1.21x0.57 3.8911.84 0.8810.42
Josta 4.04z1.76 1.07z047 0.80x0.33 1.20x0.52 3871168 0.8820.38
Febtolene 2.73£0.62 0.72£0.17 0.53440.12 0.8140.19 2.61£0.59 0.59£0.14
Bofa 7.24x2.16 1921057 1432043 2.16z064 6.93z2.07 137047
Primus 8.56£2.93 2271078 1691058 2551087 £.20£2.81 1.86x0.64
Feotamv 8101248 2.1520.66 1.60x0.49 2414074 7.7612.38 1.76x0.34
Dabmot 6.622£2.00 1.76x0.33 1312040 1.97x0.60 6.34£1.92 1441044
CPW 13.5413.22 3.59£0.85 2.6810.64 4.031£0.96 129613 08 2.94£0.70
Focar 2.09£0.91 0.5520.24 0414018 0.6240.27 2.00£0.87 0.45£0.20
Chiva 145714 24 3.87£1.13 2881084 4.34%1.26 13.9514.06 3.17£0.92
Tisco 6.89x093 1.8320.25 1.3620.19 2052028 6.60x0.91 1.3020.21
DPC 10.34£198 2752053 2.0510.39 3.0040.59 9.92+1.90 2.2520.43
Yem-Saw 12.64£3.19 3362083 2.50x0.63 3771093 12.11£3.05 2.75x0.69
Zion 4.04£139 1.07x0.34 0794028 1.20£0.41 3.84£1.33 0.87£0.31
Range 2090-145% 055-387 041-28%8 062-434 2.00-13.93 045-3.17
Mean 7.29 1.93 144 217 6.98 1.38
5D 3.86 1.03 077 1.13 3.70 0.84

5D - Standard Deviation
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Table 4: Continues

SAMPLE **Ra

0-1v 1-v 2-Ty 7-12vy 12 -17v > 17w
Amuye 4441192 1.1020.47 0.76x0.33 1.0120.44 2331102 0.37£0.16
Nitokeba 23584642 5.8241.59 4.01£1.09 3361146 12.50£3.40 1.9820.54
Josta 21.12+7.20 3224178 3.39+1.22 4811164 11.19+3 82 1.7720.61
Febtolene 2.58+1.02 0.64£0.25 0.44£0.17 0.39+0.23 1374054 0.22+0.09
Bofa 6.78+4.32 1.6821.07 1.1520.73 1.3420.98 3.50+22 0.37£0.36
Primus 2401078 0.39+0.19 0.41£0.13 0.35£0.18 1.2710.41 0.20£0.07
Feotamy 10.74z4.02 2651099 1.8320.68 2441092 5.6912.13 0.9010.34
Dabmot 3361132 0.83£0.33 0.37£0.22 0.76£0.30 1.7820.70 0.28+0.11
CPW 0.24x0.06 0.0620.02 0.04x0.01 0.05x0.01 0.13£0.03 0.02£0.01
Focar 2641048 0.65£0.12 0.45£0.08 0.60£0.11 1401025 0.22+0.04
Chiva 16.2017.80 4.00+£1.93 2751133 3.69+1.78 §.3914.13 1.3610.66
Tisco 422416 96 10432172 7181118 9611138 22394369 3351038
DPC 8.22+0.54 2.03£0.13 1.40£0.09 1.8710.12 4361029 0.6910.05
Yem-Saw 181213 84 4481093 3.08x0.63 4121087 9601204 1324032
Zion 24 2448 40 599+2 08 4124143 5324191 12.8514.45 2041071
Range 0.24-4224 0.06-1043 0.04-7.18 0.03-961 0.13-2239 0.02-333
Mean 2579 308 212 284 6.60 103
sD 3336 2.79 192 257 599 0.93

5D - Standard Deviation

1.05£0.95 mSv y! respectively. The age
group with the highest exposure dose is 0 —
1 y (babies) followed by the 12 — 17 y age
group. The annual effective doses from 226Ra
to all age groups are higher than the
reported worldwide average value of 0.12
mSv y! for Uranium and Thorium @, Those
due to 228Ra in the samples are lower than
the reported worldwide average value only
in C.P.W and only for age groups 1 -2y, 2 —
T7y,7—12yand >17y.

The total annual effective dose to the
six age groups considered in this study is
presented in table 5 and pictorially in figure
1. The figure shows that babies (0 — 1 y old)
are most exposed internally to radium in the
water samples. Radium is highly radiotoxic
and it builds up in the growing bones of
babies and children where it can cause bone
cancers. Therefore the use of these sampled
sachet drinking water for babies should be
discouraged. The figure shows that people of
ages 12 to 17 years also suffer substantial
internal exposure from these sampled
sachet drinking waters. In fact people of all
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ages that consume the water face the risk of
some health effects that may result from the
significant accumulation of radium in their
bones and other vulnerable or radiosensitive
soft body tissues. Hence remedial measures
should, as a matter of urgency, be taken to
reduce radium in these sachet drinking
waters. Their sources must be treated using
conventional water-treatment methods that
remove radium from ground water.

Figure 2 shows a bar graph comparison
of the total annual effective dose from each
of the sampled sachet drinking water. The
figure shows that Tisco sample gave the
highest internal exposure, followed by Chiva
and Yem-Saw samples. Focar and Febtolene
sachet water gave the least internal
exposure to consumers.

CONCLUSION

This study shows that it not radiologi-
cally safe to consume any of the sachet
drinking water samples that have been
investigated in this study since they all gave
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Table 5. Total annual effective dose

Radioactivity in drinking water samples

(mSv y1) to the six age groups.

sample 0-1y 1-2y 27y 712y 12-17 v =17y
Amuye 8.30 212 152 216 B.05 1.21
Mitokeba 27 64 5.90 4.81 B.57 16.39 286
Josta 2516 529 4.39 B.01 15.06 2B5
Fettolene 5.31 136 0.93 1.40 3.95 0.51
Bofa 14 02 3.60 258 3.70 10.562 214
Prirnus 10 96 287 210 3.10 9.47 208
Feotamy 15884 4.80 3.43 4.86 13.45 268
Dabm ot 9.93 2459 1.88 274 8.12 1.72
CROW 1378 365 272 4.09 13.09 295
Focar 4.73 121 0.86 1.22 3.40 0.658
Chiva 077 787 EE4 8.03 2254 4.53
Tisco 4913 12,2k 8.54 116k 2593 5.04
DEE 18 58 478 3.45 4.96 1427 294
Tem-Saw 3076 783 558 7.80 21.71 4.27

300

ra
i)
=

X1
=
=

=
=

Total annual effective dose (mSvy ')
o
=

50— —_

i B EEEN

01y 1.2y 2.7y 7-12y 1217y 7y

Age group

Figure 1. Total annual effective dose (mSv/y) to the six age
groups.

much larger internal exposures than the
UNSCEAR reported world average value of
0.12 mSv y'! and the WHO and ICRP refer-
ence limits of 0.1 mSv y! and 1.0 mSv y'!
respectively. We recommend all the sachet
drinking water samples for treatment that
will remove radium from them and advise
that less of these water samples should be
consumed by the Nigeria populace.

140

10

=
=

=1
=

il — —

zEW HH% ol

Samples

Total annual effective dose (MSv v

Figure 2. Comparison of total annual effective dose (mSv/y)
from different samples.

REFERENCES

1. UNSCEAR. (2000) (United Nations Scientific Committee
on Effects of Atomic Radiation) Report to the General
Assembly.Report Vol. |. Sources and Effects of lonizing
Radiation. New York. United Nations.

2. World Health Organization (WHO) (1993) Guidelines for
drinking water quality. Vol. 1  Recommendations
(Geneva: WHO).

3. Corthern CR and Lappenbusch WL (1985) Occurrence of
uranium in drinking water in the United States. Health
Phys, 45: 89-99.

Iran. J. Radiat. Res., Vol. 7, No. 3, Winter 2009 157


http://ijrr.com/article-1-567-en.html

[ Downloaded from ijrr.com on 2022-08-24 ]

0O.S. Ajayi and G. Adesida

. Herranz M, Abelairas A, Legarda F (1997) Uranium con-

tents and associated effective doses in drinking water
from Biscay (Spain). Appl Radiat Isot, 48: 857-861.

. Salonen L and Hukkanen H (1997) Advantages of low-

background liquid scintillation alpha-spectrometry and
pulse shape analysis in measuring 222Rn, uranium and
226Ra in ground water samples. J Radioanal Nucl
Chem, 226: 67-74.

. Yu KN and Mao SY (1999) Assessment of radionuclide

contents in food in Hong Kong. Health Phys, 77: 686-
696.

. Ben Fredj A, Hizem N, Chelbi M, Ghedira L (2005) Quan-

titative analysis of gamma-ray emitters radionuclide in
commercial bottled water in Tunisia. Radiat Prot Dosim,
117: 410-424.

. Cevik U, Damla N, Karahan G, Celebi N, Kobya (2006)

Natural radioactivity in tap waters of Eastern Black Sea
region of Turkey. Radiat Prot Dosim, 118: 88-92.

El Arabi AM, Ahmed NK, Salahel Din K (2006) Natural
radionuclides and dose estimation in natural water
resources from Elba Protective Area, Egypt. Radiat Prot
Dosim, 121: 284-292.

158 Iran. J. Radiat. Res., Vol. 7 No. 3, Winter 2009

10.

11.

12.

13.

14.

15.

APHA (1995) (American Public Health Association)
Standard methods for the examinations of water and
wastewaters. 19t Edition. American Water Works Asso-
ciation and Water Pollution Control Federation. N.Y.
IAEA. (1989) (International Atomic Energy Agency).
Measurement of radiation in Food and the Environ-
ment.

Alam MN, Chowdhury MI, Kamal M, Ghose S, IslamMN,
Anwaruddin M (1999) Radiological assessment of
drinking water of the Chittagong region of Bangla-
desh. Radiat Prot Dosim, 82: 207-214.

DWAF (Department of Water Affairs and Forestry)

(2002) Institute of Water Quality Studies. Radioactivity
dose calculation and water quality evaluation guideline
for domestic water use.

ICRP(International Commission on Radiological Protec-
tion) (2000 ) Protection of the public in situations of

prolonged radiation exposure. ICRP Publication 82.
Ann. ICRP 29 (1-2) (Elsevier).

Karahan G, Ozturk N, Bayulken A (2000) Natural rdio-
activity in various surface waters in Instanbul, Turkey.
Water Res, 34:4367-4370.


http://ijrr.com/article-1-567-en.html
http://www.tcpdf.org

