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Several radionuclides of the 238U decay series (234Th, 234mPa, 234U, 222Rn and 210Pb), 235U and 232Th 
have been measured through gamma spectrometry in surface water and four dug wells in two 
successive years, in order to study the effect of flash flood event of 18th January 2010 on 
radionuclides distribution in Wadi Naseib, southwestern Sinai, Egypt. Variation of 238U/235U activity 
ratio by flash flood is observed in surface water sample and increased with time. This is due to that 
the 238U activity was determined indirectly from the gamma rays emitted by its daughter products 
(234Th and 234mPa), while 235U activity was determined directly by its own gamma ray peaks. The 
surface water sample reached secular equilibrium between 238U and its daughter products (234Th and 
234mPa) after about one hundred days. The water-rock interactions during the journey of flash flood 
(April 2010) in the studied area changed the chemistry and the specifications of the groundwater. 
The cations and anions results are varied with time of collecting water and place of the wells. The 
activity concentrations of 238U, 210Pb and 232Th in groundwater samples collected in 2011 are found 
lower than that collected in 2010 while that of 234U and 222Rn are higher in 2011 than that in 2010. 
The groundwater residence time of two samples, collected from (Well-Zeid) in two successive years 
(2010 and 2011) were 27.93 and 42.44 ky, respectively, which show the young date just after the 
flash flood and gain of uranium with the new added water while after one year with the decrease of 
U-concentrations, the residence time increased. The last date may be coincide with the last wet 
period in Egypt. 
 

   

  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

 

INTRODUCTION  
 

Radionuclides are naturally found throughout all environments. 
They are present in varying amounts in air, water, plants, 
animals, soil and rocks. Naturally occurring radionuclides are 
mainly derived from three separate decay chains (235U, 238U and 
232Th) (Vesterbacka, 2005). These chains comprise several 
radioisotopes presenting distinct chemical and physical 
properties, and are largely used in geochemical, 
geochronological and environmental studies. In undisturbed 
systems, for sufficiently long time (~1 Ma), the decay products 
of each chain achieve secular radioactive equilibrium, in which 
the activity of the parent is equal to those of all its daughters. 
Conversely to rock systems, in which secular radioactive 
equilibrium is common, surface and ground waters are 
characterized by significant disequilibria (Reyes and Marques, 
2008). Natural radionuclides are carried to groundwater via 
normal recharge and as a result of water–rock interaction. 
Therefore, their study offers important information on the 
geochemical history of groundwater systems. Recent studies on 
rock matrix around water conducting fractures have shown U 

mobilizations with extreme fractionation of U isotopes (Suksi 
et al., 2006). 
 

The distribution of naturally occurring radionuclides in 
groundwater can provide important insights into water-rock 
interaction processes and residence time of fluids in geological 
systems. Processes occurring during water-rock interaction 
induce significant fractionation between U series nuclides that 
reflect their contrasting chemical behavior during their release 
into the fluid phase. This generally leads to pronounced 
radioactive disequilibria in fluid phase (Petersen et al., 2013). 
Distributions of 238U and 234U have been used to constrain the 
source, age, and mixing of groundwater (Luo et al., 2000). 
 

Radon is noble gas and has three natural isotopes: 222Rn, 220Rn 
and 219Rn. The most significant is 222Rn due to its longer half-
life (3.8 days). In groundwater, 222Rn occurs in a dissolved 
form and its activity concentration may vary from a few Bq/ℓ 
to thousands of Bq/ℓ. The highest activity concentrations are 
found from bedrock water. In surface water 222Rn is generally 
found at very low levels (Salonen, 1994; Vesterbacka, 2005).  
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In the present study, the distribution of radionuclides (234Th, 
234mPa, 234U, 222Rn, 210Pb, 235U and 232Th) are investigated in 
surface and ground water samples which are collected from 
Wadi Naseib, southwestern Sinai, Egypt in two successive 
years (2010 and 2011). This study will clarify the relation 
between the chemistry and radioactivity of the flash flood 
water and the country rock type. Also, this work aims to study 
the effect of flash flood on radionuclides distribution and 
groundwater residence time in the collected samples. 
 

U-Series Dating 
 

Groundwater age is defined as the amount of time that has 
elapsed since a particular water molecule of interest was 
recharged into the subsurface environment system until this 
molecule reaches a specific location in the system where it is 
either sampled physically or studied theoretically for age-
dating. On the other hand, groundwater residence time is the 
time it takes for particles of water to travel from the recharge 
area to the discharge area of the aquifer. It is the time interval 
between infiltrating into, and exfiltrating out of, the subsurface 
media. These are illustrated in Fig. 1. The groundwater 
residence time is the amount of time the flowing groundwater 
molecules resided in the groundwater reservoir (aquifer) 
(Kazemi et al., 2006). 

 
Figure 1 Groundwater age and groundwater residence time (Kazemi et al., 

2006). 
The U-series dating methods have been used for the Quaternary 
period. Pluvial periods of Late Quaternary were indicated in the 
Eastern Desert of Egypt by dating uranyl mineralization 
(Osmond and Dabous, 2004). Apparently, pluvial conditions 
caused the mobilization and redeposition of the uranium by 
groundwater (Dawood et al., 2014). 
 

The U-series dating methods are based on the measurements of 
the activities of uranium and its daughters. The naturally 
occurring materials which contain uranium and did not 
disturbed for several million years, show a state of secular 
equilibrium between the parent (238U) and its daughters. 
However, when a deposit is formed and subjected to several 
geochemical processes will cause isotopic and elemental 
fractionation and show a case of disequilibrium (Osmond and 
Cowart, 1976). In this case it is possible to determine the time 
of this event by measuring the extent to which the radionuclide 
system has returned to the state of secular equilibrium(Simpson 
and Grün, 1998). The ages are determined from the following 
equation which was derived by Kaufman and Broecker (1965). 
 
 
 
 

where T is the age of the sample, (230Th/234U) and (238U/234U) 
are the measured activity ratios, and λ230 and λ234 are the decay 
constants of 230Th and 234U, respectively. 
 

Uranium-thorium dating relies on the propensity of uranium, a 
very soluble element in oxidised groundwaters, to co-
precipitate with calcium during carbonate formation, in the 
absence of its daughter, 230Th, which is almost totally immobile 
in the near-surface environment (Langmuir and Herman, 1980). 
The subsequent in-growth 230Th provides a chronometer with 
which to measure elapsed time since carbonate deposition 
(Ivanovich and Harmon, 1992; Rowe and Maher, 2000). Age is 
calculated from the measured 230Th/234U and 234U/238U ratios in 
the studied sample.  
 

The most common methods to measure the amount of uranium 
and its daughter thorium in a sample are by mass-spectrometry 
and α-particle spectrometry. The present paper deals with the 
method of determining the important uranium isotopes and 
daughters for dating by γ-ray spectrometry (Simpson and Grün, 
1998). A non-destructive, gamma-spectrometric method for 
uranium age-dating is presented which is applicable to material 
of any physical form and geometrical shape. It relies on 
measuring the daughter/parent activity ratio 230Th/234U by high-
resolution gamma-spectrometry using intrinsic efficiency 
calibration. The method does not require the use of any 
reference materials of known ages. It relies on evaluating the 
daughter/parent activity ratio 230Th/234U, obtained by directly 
measuring the count rates of the relevant γ peaks of 230Th and 
234U. 
 

Geologic Setting and Sampling 
 

The hydrogeochemical characteristics of groundwater evolve 
with time due to water-rock interactions. The nature and 
distribution of rock formations, the structural setting and the 
hydrogeological system have an important influence in the 
spatial distribution and geochemistry of groundwaters (Gómez 
et al., 2006). The four studied wells (Well-1, Well-2, Zeid and 
Oda) are located in Wadi (Valley) Naseib with its course from 
south to north in a Precambrian basement rocks non-
conformably overlying by Paleozoic sedimentary cover (Fig. 
2). The Precambrian basement rocks are consisted of diorite 
and granodiorite with extrusive acidic dykes which mainly 
exposed in the east and south of Wadi Naseib (Fig. 3a). The 
sedimentary cover exposed in both sides (east and west) of 
Wadi Naseib is consisted of Cambrian sandstone, siltstone and 
shale and lower Carboniferous dolomite, marl and black shale 
(Um Bogma Formation) and sandstone and grey shale of Abu 
Thora Formation (Weissbrod, 1969; Soliman and Abu El 
Fetoah, 1969). The dolomite, marl and black shale of Um 
Bogma Formation represent high-grade uraniferous rocks (up 
to 1500 ppm U) (Fig. 3b) (El Aassy et al., 1986 and 2000). 
 

Wadi Naseib was regarded by El Rakaiby and El Aassy (1989) 
as a graben. This Valley is drained from south (upstream), 
where the uraniferous rocks are exposed to north (downstream) 
at Wadi El Seih (outside the map).  
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The flash floods in this area usually starting from Gabal (G, 
mountain) Alouga at the southern extreme of the map and have 
its course to the east and then to the north till Wadi El Seih. 
During this journey the water-rock interactions change the 
chemistry and the specifications of the groundwater.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The southern extreme of Wadi Naseib area was subjected to 
heavy rains on January 16 and 17, 2010 associated with heavy 
clouds, lightning and thunder. On January 18, 2010, a flash 
flood was started from the high mountains passing through 
irregular course and excavate a pathway through the different 

 
Figure 2 Geologic map of the studied area with location of studied water wells (After Nada et al., 2011). 

 

 (a) (b) 

 
 

Figure 3 (a) Sandstone and shale steps with granodiorite at the base and (b) Sandstone steps underlain with shale in the flash flood course. 
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rocks and soils. From a hydrometeorological aspect, flash 
floods are best described as events involving “too much water 
in too little time”. This means that exceptionally high amounts 
of rainfall, combined with very efficient and rapid runoff on 
relatively small catchments, are typical of flash floods (Lóczy 
et al., 2012). The distance between the starting zone of the 
flash flood and the low land is more than 400 m. During the 
movement of the water, it is loaded with debris of the rocks and 
dissolves some of the uranium from the uranium carrier 
sediments of Um Bogma Formation. 
 

One surface water sample of 750 ml volume was collected 
from the collecting pool (Fig. 4) from near the upstream of 
Wadi Naseib after flash flood. The surface water sample was 
collected at January 20, 2010 from sub-basin 500 m after a 
water fall which is very near from well (Well-1). Groundwater 
samples are collected from four dug wells of Wadi (valley) 
Naseib, southwestern Sinai, Egypt in the same season of two 
successive years (April 2010 and April 2011). Very important 
information is the occurring of a flash flood in January 2010 
and not occurred in the same season of 2011. The studied two 
wells (Well-1 and Well-2) are located very near from the 
upstream of the valley and the other two (Oda and Zeid) are 
located toward the north at the midway between upstream and 
downstream (Fig. 2). The water wells sampling were carried 
out by sampler equipment from three different depths to cover 
the maximum depth. These three samples from each well were 
mixed, acidified, filtered and the clear water was divided into 
two parts, one for radioactive measurements and the other for 
chemical analyses of uranium and different cations and anions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methodology and Analytical Technique 
 

The surface water sample and the eight groundwater samples 
collected from four wells in the same season of two successive 
years (2010 and 2011) were analysed non-destructively using 
two gamma-ray spectrometries with high purity germanium 
(HPGe) detectors. The surface water sample is measured eight 
times at different dates [4/2/2010, 18/2/2010, 4/3/2010, 
11/3/2010, 18/3/2010, 31/3/2010, 14/4/2010 and 29/4/2010]. 
Part of the work was carried out using closed-end coaxial 
gamma-ray detector (n-type) made of high purity germanium 
(HPGe) in a vertical configuration (Pop Top-cryostat 
configuration) cooled with liquid nitrogen. The used HPGe 
EG&G Ortec Model GMX60P4 has a full width of half 
maximum (FWHM) of 1.10 keV at the 5.9 keV gamma 
transition of 55Fe and 2.3 keV at the 1.33 MeV gamma 
transition of 60Co. The detector has a photo-peak relative 
efficiency of about 60 % of the 3"3" NaI(Tl) crystal 

efficiency. The detector has peak-to-Compton ratio about 56 to 
1 Compton ratio at the 1.33 MeV peak transition of 60Co. The 
minimum detectable activities of this detector for various 
radionuclides (234Th, 234mPa, 214Pb, 214Bi, 210Pb, 228Ac and 208Tl) 
are 0.61, 2.43, 0.08, 0.12, 0.68, 0.13 and 0.29, respectively. 
 

The second detector has a relative efficiency of about 50% of 
the 3″3″ NaI(Tl) crystal efficiency, resolution of 1.90 keV and 
peak/Compton ratio of 69.9:1 at the 1.33 MeV gamma 
transition of 60Co and it is coupled to conventional electronics 
connected to a multichannel analyzer card (MCA) installed in a 
PC computer. The minimum detectable activities of this 
detector for various radionuclides (234Th, 234mPa, 214Pb, 214Bi, 
228Ac and 208Tl) are 1.43, 2.09, 0.08, 0.10, 0.13 and 0.33, 
respectively.  
 

The software program MAESTRO-32 was used to accumulate 
and analyze the data. Energy calibration of the detector was 
performed using standard point sources (137Cs and 60Co). The 
two systems were calibrated for energy to display gamma 
photopeaks between 63 and 3000 keV. The efficiency 
calibration was performed by using three well-known reference 
materials obtained from the International Atomic Energy 
Agency for U, Th and K activity measurements: RGU-1, 
RGTh-1 and RGK-1 (IAEA 1987; Anjos et al., 2005). Water 
samples collected in April 2010 was measured by the first 
detector while that collected in April 2011 was measured by the 
second detector. 
 

The primordial 238U is the most abundant isotope of U (99.27 
%) and the initial member of the 238U-decay chain with a long 
half-life time (4.4683 Ga). It decays to 234Th with the emission 
of the α-particle. Through two consecutive β- transitions, 234Th 
decays to 234mPa (half-lives of 24.10 days and 1.17 min, 
respectively) and to 234U, with the half-life time of 245,250 
years, which decays to 230Th (Pękala et al., 2010). Uranium-
238 activity was determined indirectly from the gamma rays 
emitted by its daughter products (234Th and 234mPa) whose 
activities are determined from the 63.3 and 1001 keV 
photopeaks, respectively (Sutherland and de Jong, 1990). The 
234U activity was determined directly from the gamma rays 
emitted from this nuclide at energies of 53.2 and 120.9 keV 
(Yokoyama et al., 2008; Yücel et al., 2010; Ramebäck et al., 
2010). For the measurement of the 230Th activity, the γ-ray 
emission at 67.7 keV is used (Simpson and Grün, 1998). 
The activity of 222Rn was determined indirectly from the 
gamma rays emitted by its daughter products (214Pb and 214Bi). 
The specific activity of 214Pb was measured using the 295.2 
keV and 351.9 keV, while the specific activities of 214Bi and 
210Pb were measured using 609.3 and 46.5 keV, respectively. 
The uranium-235 activity was determined directly by its 
gamma ray peaks; 143.8, 163.4, 185.7, and 205.3 keV (Yücel 
et al., 1998; Pöllänen et al., 2003; Ramebäck et al., 2010). The 
specific activity of 232Th was measured using the 338.4 keV 
and 911.2 keV from 228Ac and 583 keV and 2614.4 keV from 
208Tl. 
 

RESULTS AND DISCUSSION 
 

Surface Water 
 

Surface Water Specifications 
 

In the flash flooding water, the present dissolved uranium is 
derived from the rock and soil that the water runs over. The 

 

Surface Water Sample 

 
 

Figure 4 Collecting pool from the flash flood. 
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location and form of uranium minerals determine the 
availability of uranium for leaching during the flooding; this 
explains the importance of geological and geographical setting 
for the zone in the water track.  
 

To complete the picture of the flash flood water, cations, anions 
and uranium were measured chemically in surface water 
sample and the results are shown in table (1). The 
concentration of anions were in the order SO4

2- > CO3
2- > Cl- 

while the cations were present in the order Mg2+ > Ca2+ > Na+ 
> K+. The chemical analyses of cationic and anionic 
constituents of the flash flood water show that the sulphate 
anions are three times concentrated more than the carbonate 
(Table 1). This means that this water is acidified (low pH), 
although the main exposed rocks are carbonate (dolomite). This 
acidified water has the ability to dissolve the uranium from its 
raw materials which is very clear in the analyses of the flash 
flood water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Radionuclides Activity Concentrations 
The water of rains started to collect at January 16, 2010 and 
form a pool in January 18, while the water sample was 
collected at January 20, 2010. Unfortunately, the first 
measurements for radionuclides was carried out at Feb. 4, 2010 
by HPGe detector and repeated 8 times per two weeks except 
on the 4th and 5th measurements, the intervals were one week 
only and the results are shown in table (2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Several radionuclides of the 238U decay series (234Th, 234mPa, 
234U, 222Rn and 210Pb), 235U and 232Th have been measured eight 
times through gamma spectrometry in surface water sample at 
different dates (Table 2 and Fig. 5).  After flash flood 2010, the 
rain waters flow through rocks and soil in the studied area 
which dissolve uranium from the surrounding rocks. Elemental 
fractionation arises due to the greater mobility of uranium in 
comparison with its less soluble daughters Th and Ra (Patra, 
2010). Differences in solubility of oxidized U species relative 
to Th and of 234U relative to 238U cause fractionation related to 
water flow along a given pathway with time. Because 
radioactive disequilibrium requires water/rock interaction in the 
last million years, active pathways are distinguishable from 
those not related to modern water flow. Rocks exposed to water 
interaction subjected to addition or removal of U relative to Th, 
and preferential mobilization of 234U relative to 238U due to 
alpha-recoil processes during radioactive decay (Paces et al., 
2013). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The occurrence of thorium in natural waters has been 
documented as being extremely low. This is due to the low 
solubility of ThO2 

in water (Langmuir, 1980). However, Th4+
 

species are considered as almost chemically immobile in the 
near surface environment. Hence, the sorption on to particulate 
matter (e.g. colloids) is an important transport mechanism for 
thorium in aquifers or surface waters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Chemical analyses of cations, anions and uranium (ppm) in surface water and groundwater samples (April 2010 and 
April 2011). 

 

Surface Water 
Sample SO4

2- CO3
2- Cl- Ca2+ Mg2+ Na+ K+ TDS U pH 

Surface Water 5694 1822 820 1180 1632 528 124 12425 72.7 5.7 
Groundwater* 

April 2010 
Well-1 682 572 518 396 482 336 52 4230 5 6.8 
Well-2 728 228 286 162 214 180 12 1860 4 7.2 

Well-Oda 576 163 78 122 163 52 16 1218 4 7.3 
Well-Zeid 503 133 63 92 150 44 12 1034 3 6.9 

April 2011 
Well-1 512 490 480 380 420 320 48 3800 1.0 6.9 
Well-2 680 200 240 145 200 170 10 1600 0.9 7.3 

Well-Oda 500 150 68 109 150 46 14 1120 0.8 7.0 
Well-Zeid 490 125 60 89 141 40 10 990 0.7 7.2 

 

                                    *After Nada et al. (2011). 
 

Table 2 Specific activity (Bq ℓ-1) of radionuclides and different activity ratios for surface water sample at different times. 
 

Date (dd/mm/yy) Nuclide 4/2/2010 18/2/2010 4/3/2010 11/3/2010 18/3/2010 31/3/2010 14/4/2010 29/4/2010 
238U series                 

234Th 212.95± 2.54 405.24± 2.20 529.66± 2.44 590.94± 2.41 671.75± 2.39 718.74± 2.88 741.87± 2.78 770.61± 3.23 
234mPa 211.70± 7.19 401.31± 10.89 531.63± 11.60 598.95± 11.38 675.58± 10.68 702.17± 17.02 726.58± 15.25 767.69± 14.74 

Average 212.32± 4.86 403.28± 6.55 530.64± 7.02 594.94± 6.90 673.67± 6.53 710.45± 9.95 734.23± 9.02 769.15± 8.98 
234U 256.77± 37.54 431.51± 45.68 615.85± 68.07 810.21± 85.17 909.00± 60.53 930.40± 73.19 931.02± 98.90 1098.12± 97.88 

222Rn         
214Pb 1.69± 0.04 1.24± 0.11 0.94± 0.04 0.43± 0.02 0.43± 0.06 0.39± 0.01 0.31± 0.01 0.18± 0.01 
214Bi 1.68± 0.03 1.24± 0.05 0.89± 0.03 0.43± 0.01 0.41± 0.02 0.36± 0.01 0.31± 0.01 0.17± 0.01 

Average 1.68± 0.04 1.24± 0.08 0.91± 0.04 0.43± 0.01 0.42± 0.04 0.38± 0.01 0.31± 0.01 0.18± 0.01 
210Pb 29.55± 1.59 29.12± 1.71 27.32± 1.66 29.91± 1.56 29.07± 1.54 29.41± 1.03 29.35± 1.22 29.71± 2.09 
235U 35.78± 0.84 35.66± 0.78 34.82± 0.77 34.58± 0.59 34.98± 0.54 35.78± 0.81 34.97± 1.75 35.44± 0.66 

232Th 3.23± 0.40 3.41± 0.42 3.21± 0.38 3.45± 0.37 3.60 ± 0.30 3.24± 0.34 3.33± 0.39 3.55 ± 0.41 
238U/235U 5.93 ± 0.28 11.31 ± 0.43 15.24 ± 0.54 17.20 ± 0.50 19.26 ± 0.48 19.86 ± 0.73 20.99 ± 1.31 21.70 ± 0.66 
234U/235U 7.18 ± 1.22 12.10 ± 1.55 17.69 ± 2.35 23.43 ± 2.87 25.99 ± 2.13 26.00 ± 2.63 26.62 ± 4.16 30.99 ± 3.34 
234U/ 238U 1.21 ± 0.20 1.07 ± 0.13 1.16 ± 0.14 1.36 ± 0.16 1.35 ± 0.10 1.31 ± 0.12 1.27 ± 0.15 1.43 ± 0.14 
U (ppm) 17.12 ± 0.39 32.52 ± 0.53 42.79 ± 0.57 47.98 ± 0.56 54.33 ± 0.53 57.29 ± 0.80 59.21 ± 0.73 62.03 ± 0.72 
Th (ppm) 0.80 ± 0.10 0.84 ± 0.10 0.79 ± 0.10 0.85 ± 0.09 0.89 ± 0.07 0.80 ± 0.08 0.82 ± 0.10 0.88 ± 0.10 

Th/ U 0.047 ± 0.007 0.026 ± 0.004 0.019 ± 0.002 0.018 ± 0.002 0.016 ± 0.002 0.014 ± 0.002 0.014 ± 0.002 0.014 ± 0.002 
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Under aqueous conditions, thorium generally forms colorless 
solutions and is particularly prone to hydrolysis (Gascoyne, 
1992; Wisser, 2003). Therefore, 230Th and 226Ra are not found 
in the studied surface water sample where 234Th is found which 
result from the decay of 238U. Since the 238U activity was 
determined indirectly from the gamma rays emitted by its 
daughter products (234Th and 234mPa) while 235U activity was 
determined directly by its own gamma ray peaks. The well 
noticed thing is that the 238U activity concentrations were found 
to range from 212.32 to 769.15 Bq/ℓ which are increased 
gradually with time to reach a stable value while the 235U 
activity concentrations ranged from 34.58 and 35.78 Bq/ℓ 
which are nearly constant along all the measurement dates (Fig. 
5). 
 

The regular gamma-analytical methods require a long period of 
at least 120 days to reach a secular equilibrium between 238U 
and 234Th in the sample for the usual 238U decay series 
(Khorfan et al., 2003). In a system in which there is an initial 
disequilibrium in the chain a return to secular equilibrium will 
occur after roughly 5-6 half lives of the daughter nuclide 
(Bourdon et al., 2003). So, 234Th and 234mPa need nearly five 
half lives to reach secular equilibrium with their parent 238U 
(120.50 days and 5.85 min, respectively). The studied surface 
water sample take about 100 days to reach secular equilibrium 
between 238U and its daughter products (234Th and 234mPa), from 
the time of collection to the last measuring date (January to 
April, respectively). 
 

The 234U activity concentrations ranged from 256.77 to 1098.12 
Bq/ℓ which are increased with time. The studied surface water 
sample has an excess of 234U over 238U as shown in figure (5). 
This is due to the fact that 234U is produced by two ways; α-
decay of 238U and U-leaching from the surrounding rocks. The 
activity concentrations of 222Rn decreased with time which are 
ranged from 1.68 to 0.18 Bq/ℓ while the activity concentrations 
of 210Pb and 232Th are constant through all the measurement 
dates (Fig. 5). Figure (6) shows comparison between partial 
gamma-ray spectra of the same surface water sample at 
different times which illustrate the gamma ray photopeaks 
emitted by radionuclides and their counts.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The height of these photopeaks represents the gamma ray 
counts which are used to calculate the activity concentration of 
their radionuclides. As shown in figure (6), the heights of 63.3, 
1001 and 53.2 keV photopeaks (gamma rays emitted by 234Th, 
234mPa and 234U, respectively) are increased with time while 
that of 143.8, 163.4, 185.7, and 205.3 keV (gamma rays 
emitted by 235U) are constant with time. 
 

Activity Ratios  
 

Radioactive disequilibrium in the 238U decay chain can be used 
to identify elemental and isotopic fractionation generated 
during water–rock interaction. Processes associated with alpha 
decay of 238U can cause direct ejection of the daughter nucleus 
from the solid into migrating water, radiation damage of 
mineral lattices allowing preferential access of water, and 
radiation-induced oxidation of daughter 234U. These processes 
result in U-isotope fractionation due to preferential loss of 
daughter 234U relative to parent 238U from the solid into the 
migrating water (Paces et al., 2013). The existence of 
radioactive disequilibria among nuclides in the decay series is 
an indication of recent fractionation events, usually related to 
gain or loss of the more mobile nuclides (Condomines et al., 
2007). 
 

In closed geological systems older than about 106 years, 234U is 
in equilibrium with its parent 238U (i.e., the 234U/238U activity 
ratio is 1.00). However, in open systems exposed to weathering 
and ground-water circulation, separation of these two isotopes 
can occur, causing a state of radioactive disequilibrium. The 
greatest deviations from equilibrium of the isotopes of the 
radioelements are observed in natural waters (Kaufman et al., 
1969). In the surface water sample, the 234U/238U activity ratios 
vary from 1.21 to 1.43 which increases with the 238U activity 
concentrations. The isotopic variation of U results from 
selective leaching of 234U itself and the direct α-recoil transfer 
of a 234U precursor (234Th). 
 
 
 
 
 

 
Figure 5 Distributions of 238U, 234U, 222Rn, 210Pb, 235U and 232Th in surface water sample at different time dates. 
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Figure 6 Comparison between partial gamma-ray spectra of the same surface water sample at different times. 
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The activity ratio of 238U/235U is ranging between 5.93 and 
21.70 which reflect deviation from the natural ratio (21.7) and 
the recent dissolution of uranium from studied area affect this 
ratio (Fig. 7a). The 238U/235U activity ratio is increasing 
gradually with time until it reaches the natural value (21.7). 
This takes about 100 days to allow the attainment of secular 
equilibrium between 238U and its measured progenies (234Th 
and 234mPa). Theoretically, the in-growth of 234Th to secular 
equilibrium with its parent 238U takes 96.4-144.6 days (4-6 half 
lives of 234Th). Much larger variations in the 234U/235U activity 
ratio is observed which varies form 7.18 to 30.99 (Fig. 7b) due 
to that the 234U is more leachable than 238U. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Groundwater 
 

Groundwater is formed from seepage, which infiltrated soil and 
bedrock. The amount of rain and snow, evaporation, the 
duration of frost and the nature of soil affect the formation of 
groundwater. The activity concentrations of natural 
radionuclides in groundwater are connected to the activity 
concentrations of uranium (238U and 235U) and thorium (232Th) 
and their decay products in soil and bedrock. This is because 
groundwater reacts with soil and bedrock and releases 
quantities of dissolved components, depending on the 
mineralogical and geochemical composition of the soil and 
rock, chemical composition of the water, degree of weathering 
of the rock, redox conditions and the residence time of 
groundwater in the soil and bedrock (Vesterbacka, 2005). 
 

Water Specifications 
 

Yet it is evident that the mechanisms and scales of rock 
weathering cannot be understood without the investigation of 
water geochemistry. On the other hand, the development of 
groundwater composition also cannot be evaluated without the 
geochemistry of weathering because both are related to a single 
process (Shvartsev, 2008). 
 

The characterization of groundwater geochemistry, and the 
interpretation and understanding of hydrogeochemical 
evolution, form an essential part of assessing radionuclide 
migration in a natural environment. The chemical composition 
of waters is controlled by several identifiable processes (i.e. 

water-rock interaction, calcite dissolution and precipitation, 
brackish groundwaters with distinct glacial isotopic 
signatures…) (Négrel et al., 2003). 
 

Water from the four studied wells was collected in two seasons, 
the first is in April 2010 after January 2010 flash flood and the 
second is in April 2011 without flash floods in this year. Nada 
et al. (2011) studied the water chemistry (Table 1) and 
mentioned that the prevailing anions are in the order SO4

2- > 
CO3

2- > Cl- except Well-2, where Cl- > CO3
2- in both times. 

Cations were present in the order Mg2+ > Ca2+ > Na+ > K+. 
From this table, it can be noticed that the cations and anions  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
distributions are varied with time of collecting water and place 
of the wells which are illustrated in figures 8 (a and b). 
According to time, the concentrations of cations, anions and 
TDS are decreased in 2011 than in 2010 (year of flash flood) in 
the four wells. According to place the distribution of cations, 
anions and TDS show decrease in the order Well-1 > Well-2 > 
Oda > Zeid except Well-2 in the sulphate has the highest. In 
this concept the cations, anions and TDS concentrations 
decrease from the upstream wells to the downstream wells. The 
water of these wells can be classified as secondary alkalinity as 
SO4

2- + Cl- > Na+ + K+. 
 

The chemical and biological components or quality of 
groundwater determine it’s suitability for particular uses, such 
as potable drinking water, agriculture or environmental effects. 
As water moves through soils and rocks it can dissolve some 
minerals (like the case of groundwater samples which are 
collected after flash flood 2010). The exact concentration of 
different components in groundwater will depend on the type 
of soils and rocks the water has passed through and sometimes 
the microbiological action. In the same way that water can 
dissolve minerals, minerals can also be precipitated again as a 
solid (like the case of groundwater samples 2011 without flash 
floods). Understanding the chemical controls on groundwater 
can thus be a very important step in locating ore deposits, or 
the movement of a plume of contamination through an aquifer 
(Mudd 1998). 
 

 

30.99

26.62

26.00

25.99

23.43

17.69

12.10

7.18

0

5

10

15

20

25

30

35

22/0
1/2

01
0

11/0
2/2

01
0

03/0
3/2

01
0

23/0
3/2

01
0

12/0
4/2

01
0

02/0
5/2

01
0

22
/05/2

01
0

23
4 U

/23
5 U

 A
ct

iv
ity

 R
at

io21.70

19.86
19.26

17.20

15.24

11.31

20.99

5.93

0

5

10

15

20

25

22/0
1/2

01
0

11/0
2/2

01
0

03/0
3/2

01
0

23
/03/2

01
0

12/0
4/2

01
0

02/0
5/2

01
0

22
/05/2

01
0

23
8 U

/23
5 U

 A
ct

iv
ity

 R
at

io

(a) (b) 

 
 

Figure 7 Activity ratio variations of (a) 238U/235U and (b) 234U/235U in surface water sample at different dates. The certified value of 238U/235U activity ratio is 
21.7. 
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Radionuclides Distribution 
 

Uranium-series disequilibrium can potentially provide an 
important tool for tracing migration of uranium series 
radionuclides and groundwaters from different aquifer 
conditions and, thus, has extensively been applied to the study 
of environmental, marine and earth sciences (Osmond and 
Ivanovich, 1992).  
 

The measured radionuclides are 238U, 234U, 235U, 222Rn, 210Pb 
and 232Th in all the studied wells (Table 3 and Fig. 9). The 
results of the analyses show that in groundwaters within the 
study area both the 234U/238U activity ratio and the uranium 
content are quite variable, indicative of extensive 
disequilibrium within the hydrogeologic environment. Because 
the concentration of a radioactive nuclide in any water body 
decreases spontaneously with time, the spatial distribution of 
that concentration has often been used to determine the 
parameters of the process that causes that nuclide’s 
concentration to vary from point to point (Aggarwal et al., 
2005). So concentration of uranium in groundwater samples 
collected 2011 is lower than that collected in 2010. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The maximum 238U activity concentration encountered during 
the two seasons was found at Well-Oda sample in season 2010 
(68.54 Bq/ℓ). The mean 238U concentration of the investigated 
waters from season 2010 is about 49.55 Bq/ℓ. Waters with a 
higher uranium content may define zones of greater leaching of 
uranium by flash flood waters which move over soil and rock 
have high uranium content before enter the studied wells at the 
end of their journey.  
 

Elemental fractionation arises due to the greater mobility of 
uranium in comparison with its less soluble daughters Th and 
Ra. Th is found at very low concentrations in most ground 
waters. Whereas, Ra is quite soluble in waters with high Cl- 
concentration but relatively immobile in waters with high SO4

2- 
concentrations, due to the formation of sparingly soluble 
radium sulphate (Patra, 2010). The studied groundwater 
samples have SO4

2- concentrations higher than that of Cl- in 
both seasons (2010 and 2011). Therefore Ra is not found in the 
studied groundwater samples. 
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Figure 8 Concentrations of (a) anions and (b) cations of water samples in two years. 

 



Eman M. Ibrahim., Effect of Flash Flood on Uranium-Series Disequilibrium And Groundwater Residence Time Using Gamma Ray Spectrometry 
 

15135 | P a g e  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Radon is in groundwater that travels through cracks in bedrock. 
Water from wells normally has a much higher concentration of 
radon than the surface water in rivers, lakes and streams 
(Mazhari, 2008). 222Rn is formed during the decay of radium 
atoms (226Ra). During that process, the radon formed is 
propelled away from the site of decay and an alpha particle is 
recoiled in the opposite direction. Depending on its position 
and orientation in a mineral grain, 222Rn may either end up in 
the fracture carrying water or gets buried deeper in the rock 
matrix (Skeppström and Olofsson, 2007). 
 

The chemical composition of groundwater does not affect the 
activity concentration of 222Rn.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The main parameters that affect the activity concentration of 
222Rn in groundwater are the activity concentration of 226Ra in 
bedrock and soil, rock porosity and the 222Rn emanation 
efficiency (Veeger and Ruderman, 1998). The disequilibrium 
between 222Rn and other uranium series radionuclides is caused 
by the diffusive escape of 222Rn (Salih et al., 2004). 
 

Furthermore, the 222Rn contents of well waters were significant 
as well, ranging from 0.47 to 1.26 Bq/ℓ in season 2010 and 
from 1.18 to 3.61 Bq/ℓ in season 2011. It increases after one 
year from the flash flood except in Well Zeid. This may be due 
to the physical property decay by α-recoil. 

Table 3 Specific activity (Bq ℓ-1) of radionuclides and different activity ratios for groundwater samples (April 2010 and April 
2011). 

 

Well-1 Well-2 Well-Oda Well-Zeid Radionuclide 2010 2011 2010 2011 2010 2011 2010 2011 
238U         

234mPa 53.21 ± 8.51 11.99 ± 1.23 45.55 ± 6.65 11.51 ± 1.61 68.54 ± 7.97 9.95 ± 2.25 46.85 ± 6.23 11.51 ± 1.45 
234U 70.58 ± 18.85 106.06 ± 42.75 75.44 ± 34.27 119.39 ± 43.56 76.01 ± 17.72 112.94 ± 36.45 78.14 ± 26.07 108.75 ± 43.45 

222Rn         
214Pb 0.48 ± 0.03 1.46 ± 0.05 0.76 ± 0.08 2.26 ± 0.07 0.93 ± 0.07 3.68 ± 0.08 1.26 ±  0.03 1.23 ± 0.07 
214Bi 0.47 ± 0.01 1.48 ± 0.05 0.75 ± 0.02 2.21 ± 0.05 0.89 ± 0.02 3.54  ± 0.08 1.26 ± 0.03 1.13 ± 0.04 

Average 0.47 ± 0.02 1.47 ± 0.05 0.76 ± 0.05 2.24 ± 0.06 0.91 ± 0.04 3.61 ± 0.08 1.26 ± 0.03 1.18 ± 0.05 
210Pb 42.82 ± 1.30 16.46 ± 2.48 39.37 ± 1.51 16.44 ± 1.86 43.63 ± 1.28 14.20 ± 2.22 46.87 ± 1.16 11.17 ± 1.80 
235U 2.46 ± 0.53 0.56 ± 0.08 2.09 ± 0.46 0.53 ± 0.04 3.17 ± 0.48 0.46 ± 0.12 2.15 ± 0.17 0.53 ± 0.11 

232Th 3.26 ± 0.38 0.20 ± 0.01 3.04 ± 0.36 0.37 ± 0.02 3.14 ± 0.31 0.37 ± 0.02 4.34 ± 0.39 0.34 ± 0.02 
238U/235U 21.61 ± 8.06 21.31 ± 5.32 21.76 ± 7.93 21.69 ± 4.74 21.63 ± 5.77 21.71 ± 10.52 21.75 ± 4.66 21.71 ± 7.11 
234U/235U 28.66 ± 13.77 188.47 ± 103.67 36.03 ± 24.24 224.91 ± 99.77 23.98 ± 9.20 246.37 ± 143.14 36.28 ± 15.04 205.15 ± 123.21 
234U/ 238U 1.33 ± 0.57 8.84 ± 4.47 1.66 ± 0.99 10.37 ± 5.23 1.11 ± 0.39 11.35 ± 6.23 1.67 ± 0.78 9.45 ± 4.97 

222Rn/ 238U 0.009 ± 0.002 0.123 ± 0.016 0.017 ± 0.004 0.194 ± 0.032 0.013 ± 0.002 0.363 ± 0.091 0.027 ± 0.004 0.102 ± 0.018 
222Rn/ 234U 0.007 ± 0.002 0.014 ± 0.006 0.010 ± 0.005 0.019 ± 0.007 0.012 ± 0.003 0.032 ± 0.011 0.016 ± 0.006 0.011 ± 0.005 
210Pb/ 238U 0.80 ± 0.15 1.37 ± 0.35 0.86 ± 0.16 1.43 ± 0.36 0.64 ± 0.09 1.43 ± 0.55 1.00 ± 0.16 0.97 ± 0.28 
210Pb/ 234U 0.61 ± 0.18 0.16 ± 0.09 0.52 ± 0.26 0.14 ± 0.07 0.57 ± 0.15 0.13 ± 0.06 0.60 ± 0.21 0.10 ± 0.06 

210Pb/ 222Rn 90.60 ± 6.50 11.20 ± 2.03 52.07 ± 5.49 7.35 ± 1.02 47.81 ± 3.74 3.93 ± 0.70 37.30 ± 1.80 9.49 ± 1.95 
U (ppm) 4.29 ± 0.69 0.97 ± 0.10 3.67 ± 0.54 0.93 ± 0.13 5.53 ± 0.64 0.80 ± 0.18 3.78 ± 0.50 0.93 ± 0.12 
Th (ppm) 0.81 ± 0.09 0.05 ± 0.002 0.75 ± 0.09 0.09 ± 0.005 0.78 ± 0.08 0.09 ± 0.005 1.08 ± 0.10 0.08 ± 0.004 

Th/ U 0.19 ± 0.05 0.05 ± 0.01 0.20 ± 0.05 0.10 ± 0.02 0.14 ± 0.03 0.11 ± 0.03 0.28 ± 0.06 0.09 ± 0.02 
 

 
Figure 9 Distributions of 238U, 234U, 222Rn, 210Pb, 235U and 232Th in groundwater samples collected in two years, 2010 and 2011. 
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The lead radioactive isotopes in the decay series are 210Pb, 
211Pb, 212Pb and 214Pb, of which the longest lived is 210Pb with a 
half-life of 22.3 years. Pb exists at oxidation states of +II and 
+IV. In aqueous solutions it is found in the +II state. In 
groundwater, Pb is found in an inorganic form, complexed with 
organic matter and adsorbed onto particles (Vesterbacka, 
2005). The natural radioactive nuclides 210Pb (tl/2 = 22.3 years) 
has been used intensively as key tracers to study processes of 
chemical scavenging, particle transport and sediment 
deposition in marine environments due to their suitable half 
lives (Zuo and Eisma, 1993). The concentrations of 210Pb in the 
water samples show a strong excess of 210Pb, relative to 238U 
and 222Rn, in both seasons (2010 and 2011), indicating an 
additional source of 210Pb from the around rocks (aquifer). 
 

The highest activity concentrations of 238U, 210Pb and 232Th 
were found in groundwater samples collected from wells in 
2010 where the range activity concentrations were 4.0 – 5.2, 
2.4 – 4.2 and 8.2 – 16.6 times, respectively, higher than in 
groundwater samples collected from the same wells in 2011. 
The highest activity concentrations of 234U and 222Rn were 
found in groundwater samples collected in 2011 with the range 
1.4 – 1.6 and 0.9 – 4.0 times, respectively, higher than 
collected in 2010 (Fig. 9). 
 

Activity Ratios  
 
238U and 232Th maintain the radioactivity of their decay series in 
rock, soil and groundwater. The activity concentration of each 
radionuclide is controlled by radioactive decay and chemical 
and other physical processes. Due to these processes, 
radionuclides either leave or enter groundwater, causing 
disequilibrium with the nuclides in the decay series. Some 
daughter nuclides of uranium and thorium are too short-lived to 
become fractionated from their previous parents (Ivanovich and 
Harmon, 1982). 
 

Disequilibrium in the uranium series can occur at several 
positions in the 238U decay series: 234U can be selectively 
leached relative to 238U; 230Th and 226Ra can be selectively 
removed from the decay chain; and finally 222Rn (radon gas) is 
mobile and can escape from soils and rocks into the atmosphere 
(Patra, 2010).  
 

Bedrock and soil interact with the groundwater. During the 
interaction, radionuclides may transfer from bedrock and soil to 
groundwater by dissolution, desorption, erosion or atomic 
recoil by radioactive decay (von Gunten and Benes, 1995). In 
groundwater, elemental and isotopic disequilibrium exists both 
within and between uranium- and thorium-series nuclides. The 
disequilibrium is the greatest in deep groundwaters, such as in 
drilled well water (Salonen and Huikuri, 2002). The most 
significant reason for disequilibrium in groundwater is the 
different chemical and physical properties of each nuclide, 
which affect the ability of nuclides to dissolve and move in 
water. The chemical properties of a nuclide influence its 
dissolution, adsorption, desorption, precipitation and 
sedimentation. Examples of physical properties that differ 
between nuclides are the diffusion coefficient and half-life 
(Vesterbacka, 2005). 
 

If the systems are exposed to weathering and groundwater 
circulation, the different physico-chemical conditions affecting 
238U and 234U will result in their fractionation and, thus, the 

respective activity ratios will therefore be greater or less than 
unity. The isotopic variation of U results from selective 
leaching of 234U itself and the direct α-recoil transfer of a 234U 
precursor (234Th). 234U atoms are more susceptible to leaching 
than 238U atoms as a result of α-recoil within the mineral lattice. 
The preferential leaching of 234U will result in 234U/238U less 
than 1.0 in the weathering mineral. This results in the 
enrichment of 234U in groundwater and 234U depletion in the 
mineral. An additional mechanism is the process of daughter 
product emplacement from pore waters containing dissolved 
234U and 238U, resulting in rocks that are enriched in 234U and 
230Th relative to 238U in reducing environments. Thus, using the 
measured daughter/parent activity ratios 234U/238U, 230Th/234U 
and 226Ra/230Th, U migration over various time-scales of 1.0 
Ma, 300 ka and 6 ka, respectively, can be evaluated (Min et al., 
2005; Dawood, 2010). 
 

Uranium isotope studies frequently show an inverse 
relationship between 234U/238U AR and U concentration in 
ground water. Other studies have reported that 234U/238U ARs 
increased with U concentrations or found no clear relationship 
between 234U/238U ARs and U concentration. 234U/238U ARs 
may be influenced by numerous factors, e.g., lithology (old, 
damaged clastic material may facilitate alpha recoil), 
mineralogy, and weathering rates (Sherman et al., 2007). 
Dabous and Osmond (2001) reported that waters from the 
sandstone Nubian Aquifer in Egypt exhibit broad correlations 
between 234U/238U AR and inverse of the U concentration, 
consistent with mixing between recharging and aquifer waters 
with distinct 234U/238U AR as well as 238U and excess 234U 
concentrations. The data show that groundwaters collected in 
season 2010 have a high uranium content (68.54 Bq/ℓ) and a 
low 234U/238U activity ratio (1.11) while groundwaters collected 
in season 2011 have a relatively low uranium content (9.95 
Bq/ℓ) and a high 234U/238U activity ratio (11.35). The high 
234U/238U activity ratio values of the waters reflect preferential 
dissolution of 234U relative to 238U from rocks/ores due to the α-
recoil effect during the decay of 238U to 234Th.  
 

However, in groundwater 234U nearly always has a higher 
activity concentration than 238U. The mean isotopic ratio 
(234U/238U) in Finnish bedrock water has been 2 and the range 
is between 1 – 3 at the 95% confidence level (Salonen and 
Huikuri, 2002). The highest 234U/238U ratio measured in Finnish 
bedrock water has been 11. Higher activity ratios are often 
associated with lower activity concentrations of 234U and 238U. 
In the literature, 234U/238U activity ratios of up to 30 have been 
reported in groundwater (Ivanovich and Harmon, 1982; 
Vesterbacka, 2005). Innocent et al. (2013) found that the U 
activity ratios exhibit very high (234U/238U) ratios in some 
Eocene groundwaters, as high as 13.5. These very high U 
activity ratios indicating that the enrichment in 234U due to 
water/rock interaction increases with time. So, high 234U/238U 
activity ratios were found in groundwater samples collected in 
2011 where the recharge of water was not happened in the 
studied wells. 
 

In the most analyzed samples uranium isotopes are out of 
secular radioactive equilibrium, exhibiting significant 
enrichment of 234U relative to 238U. However, 234U/238U ratios 
of groundwater samples from wells collected in 2011, whose 
average is 10.00 (range: 8.84–11.35), are in general larger and 
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more variable than those of the same wells collected in 2010, 
whose average is 1.44 (range: 1.11–1.67). 
 

The 238U/235U ratios of well water samples are consistent with 
naturally occurring U; i.e., there is no indication of 
anthropogenic enrichment or depletion of 238U relative to 235U 
(Fig. 10). Specifically, the increased mobility of 234U relative to 
other U isotopes reflects production from 238U by α-decay and 
subsequent emplacement in crystal sites damaged by α-recoil. 
Aqueous weathering of materials containing U results in 
preferential leaching of 234U from these α-damaged crystal sites 
(Brennecka et al., 2010). In reverse to the values of 238U/235U 
ratios, the 234U/235U ratios in groundwater samples range 
between 23.98 and 36.28 in 2010 and between 188.47and 
246.37 in 2011 which mean 234U is increasing with time due to 
chemical leaching and α-recoil (Fig. 10). Fig. (11) shows 
gamma-ray spectra for water sample (Well-1) in the two 
seasons; April 2010 and April 2011 which are analysed by the 
used two (HPGe) detectors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Groundwater Residence Time 
 

The measured isotopic compositions and the isotopic ratios of 
two groundwater samples collected from (Well-Zeid) in the 
two years (2010 and 2011) are shown in table (3). Isochron-
derived authigenic 230Th/234U and 234U/238U activity ratios and 
calculated groundwater residence time are summarized in table 
(4). Ages and errors have been calculated using the Isoplot 
program of Ludwig (1994). 

Mainly two parameters influence strongly the 234U/238U activity 
ratios in groundwater were the contact time between the 
groundwater and the rock matrix and the extent of leaching by 
the groundwater. In addition to this, the groundwater chemistry 
also plays a role determining the activity ratio. The 
groundwater and host rock minerals are strongly interacted, 
thus both chemical and physical differentiation processes are 
enhanced according to rock-water ratio, surface area exposed 
and residence time (Tripathi et al., 2013). When the widespread 
variations in (234U/238U) ratios that were discerned in 
groundwater were attributed to α-recoil, a quantifiable and 
fixed physical process, dating of groundwaters using U 
isotopes became possible (Krishnaswami and Cochran, 2008). 
 

The existence of radioactive disequilibria among nuclides in 
the decay series is an indication of recent fractionation events, 
usually related to gain or loss of the more mobile nuclides 
(Condomines et al., 2007).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Uranium gain causes the calculated U-series date to be younger 
and U loss causes the date to be older than the true age (Szabo 
et al., 1995). The understanding of the U-migration process is 
significant for the calculation of U-series dating results 
(Simpson and Grün, 1998). 
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Figure 10 Variations of the 238U/235U and 234U/235U activity ratios in groundwater samples in two years; (a) 2010 and (b) 2011. The certified value of 238U/235U 
activity ratio is 21.7, which is shown with the dashed lines. 
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The results of groundwater residence time of two samples, 
collected from (Well-Zeid) in two successive years (2010 and 
2011), show an important thing which is the young date (27.93 
ky) just after the flash flood and gain of uranium with the new 
added water. While after one year with the decrease of U-
concentrations, the residence time is 42.44 ky. The last date 
may be coincide with the last wet period in Egypt (Szabo et al., 
1995). These variations in residence time may be due to the 
fresh uranium introduced to the groundwater, after recently 
recharge water by flash flood in 2010, with insufficient time 
has lapsed for the radioactive growth of 230Th and its daughter 
gamma-emitting isotopes and also the leached uranium during 
the rock-water interaction leave behind the un-supported 230Th.     
After flash flood 2010, water infiltrated from the surface to the 
groundwater and mixed with the existence water, thus, the 
groundwater residence time became smaller than the real value. 
But after one year (2011) without any recharge of water and 
groundwater is settled, the calculated residence time of 
groundwater will be the corrected value of real age of the 
studied well. 

 

CONCLUSION  
 

After flash flood 2010, the rain waters flow through rocks and 
soil in the studied area which dissolve uranium from the 
surrounding rocks. Several radionuclides of the 238U decay 
series; 235U and 232Th have been measured eight times through 
gamma spectrometry in collected surface water sample at 
different dates. Since the 238U activity was determined 
indirectly from the gamma rays emitted by its daughter  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
products (234Th and 234mPa) while 235U activity was determined 
directly by its own gamma ray peaks. The studied surface water 
sample take about 100 days to reach secular equilibrium 
between 238U and its daughter products (234Th and 234mPa), from 
the time of collection to the last measuring date (January to 
April, respectively). The 238U and 234U activity are increased 
with time while the 235U, 210Pb and 232Th activity concentrations 
are nearly constant along all the measurement dates. The 
activity concentrations of 222Rn decreased with time which are 
ranged from 1.68 to 0.18 Bq/ℓ. 

 

The water-rock interactions during the journey of flash flood 
(April 2010) in the studied area change the chemistry and the 
specifications of the groundwater. The cations and anions 
results are varied with time of collecting water and place of the 
wells. The highest activity concentrations of 238U, 210Pb and 
232Th were found in groundwater samples collected from wells 
in 2010 where the range activity concentrations were 4.0 – 5.2, 
2.4 – 4.2 and 8.2 – 16.6 times, respectively, higher than in 
groundwater samples collected from the same wells in 2011. 
The highest activity concentrations of 234U and 222Rn were 
found in groundwater samples collected in 2011 where the 
range activity concentrations were 1.4 – 1.6 and 0.9 – 4.0 
times, respectively, higher than in groundwater samples 
collected in 2010. 

 

In the most analyzed groundwater samples in the two 
successive years (2010 and 2011), uranium isotopes are out of 
secular radioactive equilibrium, exhibiting significant 
enrichment of 234U relative to 238U especially that collected in 
2011.  

 
 

Figure 11 Comparison between gamma-ray spectra of water sample (Well-1) in two years; (a) April 2010 and (b) April 2011. 
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After flash flood 2010 the groundwater residence time of Well-
Zeid sample (27.93 ky) became smaller than the real value 
while after one year (2011) without any recharge of water and 
groundwater is settled, the calculated residence time of 
groundwater (42.44 ky) will be the corrected value of real age 
of the studied well. The last date may be coincide with the last 
wet period in Egypt. 
 

Recommendation   

The author recommends repeating this work in different 
environs with different rock types, uranium content and 
geochemical features. 
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