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of water discharge, seasonal tem

aquifer and related geolo

Table 3.19

Radium-226 and radium
different areas at different production dates

perature changes, the nature of each

gical formations at the time of discharge.

228 radioactivity levels in water samples collected from

sample production date Ra-226, Bg/L Ra-228, Bg/L
S04 7, 2001 2.260x0.121 1.331+0.124
S04 2. 2003 1.089+0.073 0.575+£0.087
S06 11,2001 1.110+0.074 0.889+0.111
S06 3,2003 0.108+0.050 0.347+0.087
S09 6,2001 0.650+0.060 0.9060.116
S09 22003 | ... 0.446+0.088

Further studies of several samples collected at different production

dates and for specific operational conditions need still to be investigated.

Based on the data illustrating the effect of the physical
characteristics and chemical composition of the tested water samples on

the radioactivity level of radium, it can be concluded that:

1- The radioactivity levels of radium is found to correlate with both
the TDS and pH of the tested water samples, giving a slight decrease in
the radioactivity levels of radium by increasing TDS concentrations
within the range 150 to 400 mg/L and by increasing the pH within a range
from 7.0 to 8.5.

9- The radium radioactivity levels also give a slight positive
correlation revealing an increase in the radioactivity levels by increasing

both calcium and bicarbonate concentrations.

3- The effect of sulfate and chloride ions proved to give minor
changes in the radioactivity levels of radium with concentrations ranging
from 10 to 60 mg/L for sulfate and from 5.0 to 45 mg/L for chloride.
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3.3.4 Activity ratios and secular equilibrium between related nuclides

The radioactivity levels of uranium-233, thorium-232 and their
daughters radium-226 and radium-238, together with the isotopic ratios
Ra-226/Ra-228, U-238/Th-232, Ra-226/U-238 and Ra-228/Th-232 are
given in, Table 3.20.

- For bottled drinking water collected from Siwa Oasis, it is found
that radioactivity levels of uranium-238 and thorium-232 range from
0.390 to 0.560 and from 0.089 to 0.138 Bag/L, respectively; while, the
radioactivity levels of radium-226 and radium-228 range from 0.470 to
109 and from 0.0 to 0.570 Bq/L, respectively. The Ra-226/Ra-228
isotopic ratio is found to be >1. 0 for all samples, and ranges from 1.382 to
2.633, with a mean value 2.603. This result is confirmed with the
corresponding value related to U-238/Th-232 ratio (the parents of radium
isotopes), where all samples give also high values ranging from 2.826 to
4.607, with a mean value 3.689.

Previous studies reported a wide range for Ra-226/Ra-228 activity
ratios when dealing with low salinity water. Asikainen [48], found ratios
in the range of 0.3 to 26 for some Finnish ground water, with a ratio
around 1.0 for low radioactivity levels of radium-226; but this ratio
increased rapidly with increased levels of radium-226. Other ratios,
including values of 0.40-21 for water from Iowa [111] and from 0.09 to
4.41 in South Carolina [112] were also reported. The high Ra-226/Ra-228
ratio may be attributed to some processes including decay of radium-228
in water or a preferential leaching of radium-226 due to radiation damage.
Some authors suggested preferential leaching of radium-226 compared to
radium-228 because of three successive a-recoils in the decay series from
uranium-238 to radium-226. This could cause looser bounds and damage
in the crystal lattice leading to higher a-recoil rate due to the ejection of

radium-226 precursors [113,114]. The a-recoil rate of radium-226 could
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be 1.7-2.0 times higher than that of radium-228. Also, high Ra-226/Ra-
298 ratios may be due to direct decay of uranium-238 that has higher
radioactivity levels relative to thorium-232 in related drinking water
samples.

The high U-238/Th-232 activity ratios can be explained in the light
of related chemical behaviour, where uranium species are known to have
higher solubility and leachability than those for thorium compounds
which depend mainly on the pH and chemical composition of each
aquifer or to the local enrichment of uranium in the aquifer rocks [40].

To study the radioactive equilibrium of uranium and thorium
nuclide series in drinking water, both Ra-226/U-238 and Ra-228/Th-232
activity ratios are calculated. The results show that all samples in this
region have no equilibrium state between the parent uranium-238 and its
daughter radium-226, except S03 (Hayat) sample, which tends to show a
certain degree of equilibrium leading to Ra-226/U-238 ratio around 1.205.
Also, all tested samples proved to have similar trend showing
disequilibrium between the parent thorium-232 and radium-228 with a
Ra-228/Th-232 activity ratios ranging from 0.0 to 4.524 with a mean

value around 2.590.

The disequilibrium in these two cases may be attributed to a
number of factors affecting both the parent and related progeny in
different manner. These factors include:

1- The chemical composition, salinity and pH of the tested water
that might affect the major processes for migration of radium from the
surroundings into solution. This reveals that uranium and thorium in
solution are not the only sources of radium in ground water. Instead,
radium is likely to be released independently from the rocks of respective

aquifers.
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7. The distribution of radium within the surrounding formations
depends on the type and size of related grains of the contact area between
the ground water and the surroundings (surface to volume ratio).

3- The effect of a-recoil processes may lead to the accumulation of

radium isotopes in the aquatic media.

i- The radioactivity levels of uranium-238 and thorium-232 in
drinking water originating from the Western Nile Delta (El-Sadat City)
proved to be within a range from 0.26 to 0.45 and from 0.07 to 0.135
Bq/L with mean values of 0.3 60 and 0.112 Bg/L, respectively. The
corresponding radium-226 and radium-228 mean radioactivity levels are
0.92 and 0.487 Bq/L, respectively. Also, all Ra-226/Ra-228 activity ratios
in water from the studied area have high values ranging from 0.0 for S05
(Delta) sample to 7.909 for SO8 (Tiba) sample, with a mean value 2.603.
This gives U-238/Th-232 activity ratios ranging from 1.0926 to 6.429
with a mean value 3.582. These data clearly show that, radium-226 and
radium-228 are in excess of respective equilibrium levels of their parents
uranium-238 and thorium-232. This is clearly illustrated by the mean Ra-
226/U-238 activity ratio which proved to be almost around 2.312, while
the Ra-228/Th-232 activity ratio is about 4.329. The only case that
appeared to be in secular equilibrium between radium-228 and thorium-
232 is SO5 (Delta) sample that gives Ra-228/T h-232 activity ratio around
1.111.

ii- For ground water originating from the Eastern Nile Delta, it is
found that the radioactivity levels of uranium-238 and thorium-232 range
from 0.230 to 0.330 and from 0.091 to 0.156 Bq/L, respectively. In such a
case, although the radioactivity levels of uranium-238 is almost double
that of thorium-232, yet the radioactivity levels of radium-226 are found
to be less than those for radium-228, giving Ra-226/Ra-228 radioactivity

ratios <1.0. This inverse behaviour may be due to the geological
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formations prevailing in this region, where the ground water resources are
generally within rural area; which mostly consists of clay materials from
the River Nile. It is also found that U-238/Th-232 radioactivity ratios give
high values following the same trend as water in the previous two areas.
For S09 (Baraka) sample from Kafr Al-Arbein area, disequilibrium is
shown between both radium-226 and uranium-238, and between radium-
298 and thorium-232, as illustrated by the activity ratio which proved to
be 1.97 for Ra-226/U-238 and aimost about 10.0 for Ra-228/Th-232. For
S10 (Mineral) sample secular equilibrium between uranium-238 and
radium-226 is evidenced by the activity ratio for Ra-226/U-238 which is
almost around 0.957. On the other hand, disequilibrium exists for
thorium-232 and radium-228 giving a Ra-228/Th-232 ratio of the order
4.103.

In general, it is clearly illustrated that the Ra-226/Ra-228 activity
ratios decrease from 2.603 in water résources around Siwa Oasis to 0.529
in resources from the Eastern Nile Delta regions (Belbeis and Benha
Cities). Also uranium-238 and radium-226 radioactivity levels follow the

same trend.

1. Surface water samples proved to contain the highest uranium-
238 and radium-226 radioactivity levels compared to the bottled ground
water samples. Uranium-238, has radioactivity levels ranging from 0.430
to 0.50 (within a mean value 047 Bg/L); while radium-226 has
radioactivity levels ranging from 1.170 for S13 (Benha) sample to 2.61
for S11 (Cairo) sample with a mean value 2.120 Bg/L. Also, surface
water has the highest Ra-226/Ra-228 activity ratios ranging from 3.545 to
5327 within a mean value of 4.493. This result is similar to the U-
738/Th-232 radioactivity ratios, which give a mean value of 4.243. It is
also clear that, all surface water samples show disequilibrium between

radium-226 and radium-228 radionuclides and their parents. Ra-226/U-
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238 activity ratios proved to be 2.489 for $13 (Benha) sample to 6.070 for
S11 (a sample from Cairo area); while the Ra-228/T h-232 activity ratios
range from 3.882 for S13 (Benha) sample to 4.118 for S12 (Inshas)

sample, with a mean value 4.005

The results of the calculated radioactivity ratios and related secular

equilibrium of studied nuclides, can be summarized in the following:

1- All tested drinking water samples have radioactivity levels for
uranium-238 more than those for thorium-232, and the U-238/Th-232
ratios range from 1.474 to 6.429. This may be attributed to the chemical
behaviour of uranium species, which are known to have higher solubility

and leachability than those of thorium.

2. The radioactivity levels of radium-226 are almost more than
those of radium-228 in all samples and the Ra-226/Ra-228 ratios range
from 1.203 to 5.327. This may be due to a-recoil processes in the decay
series of uranium-238 to radium-226 and/or to the high levels of uranium-
238 than those of thorium-232.

3- The radioactivity levels of radium isotopes are higher than those
of respective parents providing disequilibrium states in almost all tested
water. This disequilibrium may be due to several factors affecting both
parents and respective daughters in different manner including differences
in chemical behaviour of parents and related daughters as well as the

chemical composition, salinity and pH of the tested water samples.
3.3.5 Assessment of the annual effective dose from drinking
water

The contribution of drinking water to the total human exposure is
too small and is largely due to the naturally occurring radionuclides of

uranium and thorium and related decay series. Radiation exposure from
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other sources is limited by regulatory control of used sources and periodic
application of related practices.

On the basis of the radioactivity levels (Bq/L) of both radium-228
and radium-226 in drinking water samples, the annual ingestion of
drinking water by adults is assumed to be around 730 L/y and the dose
conversion factor of measured radioactivity levels for radium-228 is 6.9 X
10 mSv/Bq, and that for radium-226 is 2.8 x 10* mSv/Bq [115]. The
annual intake of these isotopes and related annual effective dose are

calculated from the following equation.

GL = (IDC/ (hing - Q) (.1)

where:

GL the radioactivity levels of radionuclide in drinking water, in Bq/L
IDC the annual effective dose, in mSv/y

hi,e  the dose conversion factors, in mSv/Bq

q the annual ingested volume of drinking water is assumed to be

730 L/y.

The results representing the annual intake of both radium-228 and
radium-226 radionuclides and the corresponding annual effective dose
compared with the annual effective dose from drinking water in certain

other countries, are listed in Table 3.21.

i- annual effective dose from radium-226

The calculated annual effective dose of radium-226 in bottled
drinking water samples collected from different locations show different
values. Samples from the Western Desert regions within Siwa Oasis (S01-
S04) have a mean value 0.159 mSv/y, ranging from 0.095 mSv/y for SO3
(Hayat) sample to 0.220 mSv/y for S04 (Safi) sample. Samples from the
Western Nile Delta regions located at El-Sadat City (S05-S08) proved to
have 0.186 mSv/y annual effective as a mean value, but samples collected

from the Eastern Nile Delta areas, S09 (Baraka) and S10 (Mineral)

152



‘L 1'€ 91QE} Ul UDAIT S[2A3] Ananoeoipes Supuodsall

00 9y} WOLj pate(nofed 2Ie eep pauoday («

82T0 LIV'O rAl A %Y ¥ 9Is1 ugaw
¥91°0 9€T0 9°LET v vs 0£e'0 oLl €15 ryued
8LT 0 0T$'0 zeov 9'LS81 0950 085C zis'seysul
. T o 9Zs0 8'Tst 76L81 06¥'0 0197 11§01e)
L€00 00 AN _ S212I9LLIdA0D) JUSIAJIP WOIJ J3lem OlISaWop ‘
818’0 | €HI'Y uedg | S8€°0 L80°0 0'85S Tele ugIw
81¢°0 v¥0'0 8'09v y8sl 090 0TT0 018
1010 00 LoE0 0°0| PUBHIZIMS sv0 €10 7589 0°89v 0160 0590 60S
ey | peavl prUEwoy sai)) (s12qlag pue pyUR ) BHA( 2[IN U12ISEd Eﬁ_“E seale WOolj 121eMm 3uijulip papioq
wio 981°0 0 ISt ¥799 uraw
y-a7°6 | ¥-d5'¢ pue|od GOL'0 16€°0 ¥8sl L XAYAN 02T 0 ovL'l 80S
_ £veo L91o 896V 9'L6S 0690 0¢8°0 LOS
S TA -1 A : : : :
Syzo| sl Y zpvo pzz0 § 0P 661 068°0 o1t 908
89¢0| ¥-HI'T JRICITIRETS) SLO'O 0000 0'801 0000 051°0 0000 $0S
. . (AnD) 1epeS-1d) BNR( JQIN UWRISIM UIIM SEale WOy Jojem SubjuLp pajHoq
evi'o) eavl B 70510 6510 T61e 0295 urow
(870 | ¢dr'6| 1001| £dIT pueiulg €820 0zTo voly V3L 0LS 0 060'1 v0S
. ) 6910 600 8vhe 1713 oreo oLY O £0S
§T0'0| STHLV LLL O 6v1°0 651°0 0912 8'896 00£°0 06L°0 08
I . I I e 0000 1910 0000 0'9LS 0000 0080 108
sasz| 00 paLse) sHss v'sh (51520 BMIS) Basa(] UIRISOM 43 UIIM SEaJE WOTj Jojesm Suljuiip papioq apoo a|dures
XEW uw xew | uil QTT-BY | 9T ®d gzced | 9TT®d gzz®d | 9TT®d
wmm.mwme 50p E::ocmmm-mm fuunod A/agul ‘3sop [ENUUE uosiad/bg ‘axeiul [enuue 1/bg ‘s{aaa] Apanoeoipel SpHPENUOPES

ajqeiedwos 1dASH ul JeeM de) pue [eioulw Fury

ULIP P20 WO ISOP ALY [enuue Buip

SOLIUNOD 12YI0 WOY I3)em Suiyui
uodsaiLIod Ay} Uk 9ZZ-WNIpes ‘97T~

1p woiy pauodal 380y 0)
uImipes Jo ayejul [enuuy

1T°€2qEL



