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Abstract  It is important to study the distribution of radon concentration in water samples of Manzala Lake, because it is 
highly contaminated with radon concentration due to the continuous discharge of different pollutant materials into it, which 
causes pollution in the studied area. Recently, a great interest of the natural radioactivity, especially 222Rn concentrations in 
water, which is harmful on the human health. The radon concentrations and exhalation rate were measured using nuclear 
track detectors CR-39 and LR-115 for twenty two water samples from Manzal Lake in the East of Nile Delta, Egypt. The 
average values of radon concentrations have ranged from 1.73 to 6.40 Bql-1. This work can be used to detect any harmful 
radiation that would affect the human and assess any changes in the radioactive background level. 
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1. Introduction 
Radon is a radioactive gas emitted from rocks, soils and 

water. Radon is a major contributor to the ionizing radiation 
dose received by the general population. We focused on 
222Rn because its long half-life (3.82 days) facilitates its 
escape from the matrix which contained its parent 226Ra. 
Radon is an important natural radioactive gas harmful, 
because radon gas comes from the natural decay of uranium 
series deposits in soil, which is very harmful to human and 
the environment [1]. The hazard comes from increase radon 
in an environment, which comes from radon decay products 
rather than radon gas itself. Geological information may be a 
useful general guide to identifying areas where radon levels. 
Radon concentration of water is a potential health risk when 
the water is used for consumption in house, because radon 
concentration in air that is inhaled [2]. Measuring radon in 
water is important, because its solubility in water. The 
concentration of radon in freshly drawn water higher than 
that of other radionuclides, it readily diminishes as a result of 
both desorption and physical decay [3]. Health implication 
of radon in drinking water is considered an important factor 
for limiting radon levels in drinking water, which refers to 
the ingestion of dissolved radon and will result in a radiation 
dose to the  lining of the stomach [4].  Manzala Lake is an  
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important coastal lake and the largest lake in the northern of 
the Nile Delta, Egypt. It is found between (31˚ 00'- 31˚ 35') N 
and (31˚ 50'- 32˚ 15') E. The lake area covers about 1071 km2. 
The lake receives a high load of different polluted waste 
water, including industrial and agricultural waste from many 
drains, like Bahr El-Baqar, Ramses, El-Serw, El-Matria, 
Faraskur, Lissa El-Gamalia and Hados, so that Manzala Lake 
is considered one of the most polluted lakes in Egypt [5, 6]. 
Representative to human activity and different ecosystems in 
the Lake water environment, in addition to navigation and 
fishing activities. The main objective of this study is mainly 
to estimation radon concentration and surface exhalation rate 
in water samples from Manzala Lake in the North Nile Delta, 
Egypt, because it is considered one of the most important 
coastal Lakes in Egypt. In order to assess the change in the 
radioactive background level in Manzala Lake.  

2. Materials and Methods 
Twenty two samples from different locations of Manzala 

Lake were collected as descripted in Table 1. The collected 
samples were measured using passive technique to determine 
radon concentration and radon exhalation rate with CR-39 
and LR-115 detectors. Samples were collected and analyzed 
for routine physiochemical properties according to the 
standard methods [7]. The parameters such as pH, and total 
dissolved solids (TDS) were measured in the field using a pH 
meter (CONSORT P903). The water samples were collected 
from streams and taken within 25 cm of the water surface. 
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All samples were labeled with date, sample location, sample 
code and time. The samples were collected in polyethylene 
bottles (6 litters). After this HCl with concentration       
10 ml/liter has been added to the bottle to prevent 
microorganisms and prevent absorption radionuclides by the 
plastic containers. Before use the containers were washed 
with 10% HNO3 and with distilled water. The water samples 
were concentrated by means of active coal absorption and 
evaporated [8]. All samples were sealed for 90 days in plastic 
containers with dimensions of 9 cm in diameter and 16 cm in 
high. Each sample container was capped tightly with an 
inverted plastic cover. CR-39 and LR-115 detectors of area 
1.5 cm x1.5 cm fixed at the bottom center of the inverted 
plastic cover. After the exposure period CR-39 and LR-115 
detectors were collected carefully from the container. CR-39 
detector etched in NaOH solution at 6.25N at 70 ± 1°C for 7 
hr. After etching CR-39 was washed in distilled water and 
then dipped for a 10 min in a 3% acetic acid solution, washed 
again by distilled water and finally dried [9] in air. But 
LR-115 etched in 2.5 N of NaOH at 60 ± 1°C for 1hr. After 
the chemical treatment LR-115 was washed in distilled water 
and then put in a solution of (50 ml water + 50 ml ethyl 
alcohol) again washed using water and dried in air. After 
etching CR-39 and LR-115 detectors, the tracks were 
counted using an optical microscope with a magnification of 
640x. The background of CR-39 track detector was counted 
by optical microscope and subtracted from the count of all 
detectors [10]. We can calculate the value of radon 
concentration in (Bql-1) in water using the following relation:   

𝑪𝑪𝑾𝑾 = 𝑪𝑪𝒂𝒂𝒂𝒂𝒂𝒂 𝝀𝝀 𝒉𝒉𝒉𝒉
𝑳𝑳

                  (1) 

Where, Cw is radon concentration in water (Bql-1), Cair 
radon concentration in air (Bqm-3h), T is the exposure time 
(day), λ is decay constant of radon gas (0.1814 day-1), h is 
high of detector from the surface of the water (cm), L is 
height of the water inside the container (cm) [11]. 

Radon surface exhalation rate given by the relation: 
CVλE =A 1 -λTA[T+ (e -1)]λ

              (2) 

Where, EA is exhalation rate (Bqm-2h-1), CRn integrated 
radon concentration (Bqm-3h), λ radon decay constant(h-1), V 
is the effective volume of the container (m3), A area covered 
by the container (m2) and T the exposure time [12, 13].  

3. Results and Discussion 
The description of water samples locations in Manzala 

Lake were given by Table 1. The values of radon 
concentrations and exhalation rate of the collected samples 
using CR-39 and LR-115 detectors given in Table 2. The 
values of radon concentration varied from 1.58 to 6.79 Bqm-3 
and the values of exhalation rate varied from 0.35 to 
0.08Bqm-2h-1 using CR-39 detector. But in the case of 
LR-115 detector were ranged from1.87 to 6.00 Bqm-3, and 
0.10 to 0.31Bqm-2h-1. The comparison between the values of 
radon concentration using CR-39 and LR-115 were given by 
Figure 1. From the figure, sample number 17 has a high 
value because it collected from the end of Bahr El-Baqar 
drain mixing with Manazal Lake, but sample number 21has 
low values of the measured samples, because it collected 
from Boughaz Bridge connect the lake with Mediterranean 
Sea. This refers to the difference between the chemical 
compositions and difference in the values of TDS for the 
studied samples. Figure 2, shows the comparison between 
surface exhalation rate of radon using CR-39 and LR-115 
detectors. The figure indicates that the values of exhalation 
rate in two detectors near equal, because the values of 
exhalation rate depend on the radon concentration since the 
sample area, volume of the container, and radon decay 
constant. The radon exhalation study is important for 
understanding the relative contribution of the material to the 
total radon concentration found in the water samples and 
helpful to study radon health hazard effects. Table 3, given 
the values of the total dissolved solid, pH, and the 
conductivity of the collected samples. The values of TDS 
ranged from 480-3830 mgl-1, and the conductivity ranged 
from 0.80 - 7.61mmhos cm-1. And the average value of pH 
number is equal 8.38. The correlation relation between radon 
concentration and total dissolved solid (TDS) as shown in 
Figure 3, and the correlation coefficient equal 0.47. This is a 
weak correlation, but the values of radon concentration 
affected by the kind and the values of TDS. Figure 4, shows 
the relation between electric conductivity and radon 
concentration from the figure the correlation coefficient 
equal 0.42 and it depend on the type of total dissolved solid 
in water samples.  

There is no correlation between the values of pH number 
and radon concentration as shown in Figure 5. The obtained 
results agreement with the published data for other authors in 
different countries is given in Table 4. The variations in 
radon concentration refer to the chemical composing of the 
water samples, the differences in geographical, geological 
factors, the climate and the geo-hydrological processes that 
occur in the area. Another reason for this difference may 
depend on the time of sampling as well as on the location, 
and this may cause different results. 
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Table (1).  The water samples locations, and descriptions in Manzala Lake 

S.No. Description Latitude Longitude 

1 Near Mediterranean sea 31o   26'    43" 31o   56'   58" 

2 Near Two Sisters island 31o   22'    23" 31o   55'   32" 

3 End of the Faraskour drain mixing with lake water 31o   20'    11" 31o   50'   32" 

4 Near Atawi drain 31o   15'    30" 31o   53'   09" 

5 End of the El-serew drain mixing with lake water 31o   17'    03" 31o   53'   10" 

6 Away from the end of El-Serew drain 5 km 31o   15'    59" 31o   53'   57" 

7 End of El-Gamalyia drain mixing with lake water 31o   15'    13" 31o   52'   42" 

8 End of El-Gazira drain mixing with lake water 31o   14'    35" 31o   54'   41" 

9 Near Bar El-Sheikh Ezby Soliman 31o   16'    31" 31o   35'   22" 

10 Clear water area in the mid of the lake 31o   18'    30" 31o   59'   12" 

11 End of El-Tawyl drain mixing with lake water 31o   15'    59" 32o   01'   02" 

12 In the mid of the lake 31o   17'    02" 32o   03'   45" 

13 Near El-Salam canal 31o   13'    47" 32o   02'   22" 

14 End of El-Mataria drain mixing with lake water 31o   11'    36" 32o   02'   59" 

15 Area of clear water in the mid of the lake 31o   13'    40" 32o   05'   08" 

16 End of the Hadous and Ramses drains mixing with lake water 31o   08'    39" 32o   04'   28" 

17 End of Bahr El-Baqar drain mixing with lake 31o   08'    41" 32o   05'   51" 

18 End of outlet from Bahr El-Baqar drain in the lake 31o   12'    02" 32o   10'   03" 

19 Near Suez canal 31o   14'    08" 32o   14'   33" 

20 Area of Brackish water near Mediterranean sea 31o   15'    35" 32o   14'   25" 

21 Boughaz bridge connect the lake with Mediterranean sea 31o   16'    08" 32o   12'   14" 

22 In the mid of the lake 31o   16'    31" 32o   07'   17" 

Table (2).  The comparison between the values of radon concentration, and exhalation rate of the water samples using CR-39 and LR-115 detectors 

S.No. 
CR-39 LR-115 

CRn(w) (Bql-1) EA (Bqm-2h-1) CRn(w) (Bql-1) EA (Bqm-2h-1) 

1 4.70 ± 0.24 0.24 ± 0.02 4.36 ± 0.04 0.22 ± 0.02 

2 3.37 ±0.20 0.17 ± 0.01 3.23 ± 0.36 0.17 ± 0.02 

3 4.39 ± 0.23 0.22 ± 0.01 4.21 ± 0.40 0.22 ± 0.02 

4 2.93 ± 0.19 0.15 ± 0.01 3.08 ± 0.35 0.16 ± 0.02 

5 5.49 ± 0.26 0.28 ± 0.02 5.18 ± 0.45 0.27 ± 0.02 

6 4.61 ± 0.24 0.24 ± 0.02 4.25 ± 0.41 0.22 ± 0.02 

7 6.21 ± 0.27 0.32 ± 0.02 5.61 ± 0.47 0.29 ± 0.02 

8 2.81 ± 0.18 0.14 ± 0.01 2.96 ± 0.34 0.15 ± 0.02 

9 2.96 ± 0.19 0.15 ± 0.01 3.00 ± 0.34 0.15 ± 0.02 

10 3.10 ± 0.19 0.16 ± 0.01 3.20 ± 0.35 0.16 ± 0.02 

11 3.33 ± 0.20 0.17 ± 0.01 3.31 ± 0.36 0.17 ± 0.02 

12 2.33 ± 0.17 0.12 ± 0.01 2.45 ± 0.31 0.13 ± 0.02 

13 1.84 ± 0.15 0.09 ± 0.01 2.14 ± 0.29 0.11 ± 0.01 

14 2.61 ± 0.18 0.13 ± 0.01 2.65 ± 0.32 0.14 ± 0.02 

15 3.44 ± 0.20 0.18 ± 0.01 3.70 ± 0.38 0.19 ± 0.02 

16 4.01 ± 0.22 0.21 ± 0.01 3.82 ± 0.39 0.20 ± 0.02 

17 6.79 ± 0.29 0.35 ± 0.02 6.00 ± 0.48 0.31 ± 0.02 

18 5.88 ± 0.27 0.30 ± 0.02 5.77 ± 0.47 0.30 ± 0.02 

19 1.70 ± 0.14 0.09 ± 0.01 2.18 ± 0.29 0.11 ± 0.01 

20 3.64 ± 0.21 0.19 ± 0.01 3.78 ± 0.38 0.19 ± 0.02 

21 1.58 ± 0.14 0.08 ± 0.01 1.87 ± 0.27 0.10 ± 0.01 

22 2.25 ± 0.17 0.12 ± 0.01 2.49 ± 0.31 0.13 ± 0.02 
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Figure 1.  The comparison between the values of radon concentration using CR-39 and LR-115 detectors 
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Figure 2.  The comparison between the values of radon exhalation rate using CR-39 and LR-115 detectors 

Table (3).  The TDs, pH and conductivity of the water samples 

pH Conductivity (mmhos/cm) TDS (mgl-1) S.No. 
8.29 1.39 761 1 
8.23 1.04 687 2 
8.59 1.17 743 3 
8.13 1.20 820 4 
8.86 1.11 2120 5 
8.55 0.98 705 6 
8.20 3.68 3830 7 
8.10 0.96 480 8 
8.52 1.03 600 9 
8.35 0.84 546 10 
8.82 2.27 1126 11 
8.33 0.88 612 12 
8.30 0.80 512 13 
8.47 2.21 1476 14 
8.36 1.28 855 15 
8.15 3.54 1350 16 
8.44 7.61 3810 17 
8.02 6.64 3310 18 
8.32 0.99 1002 19 
8.54 1.75 1430 20 
8.21 2.85 2334 21 
8.77 0.86 509 22 
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Figure 3.  The correlation relation between the values of TDS and radon concentration using CR-39 detector 
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Figure 4.  The correlation relation between conductivity values and radon concentration using CR-39 detector 
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Figure 5.  The correlation relation between pH number and radon concentration using CR-39 detector 
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Table (4).  The comparison between our results and the published data by 
other investigators 

Country/Org. 222Rn (Bql-1) References 

Egypt (Groundwater) 1.18 - 6.17 [8] 

Egypt (Groundwater) 0.14 - 0.96 [14] 

Saudi Arabia 1.79 - 9.28 [15] 

India (Drinking water) 0.50 - 22 [16] 

India (Surface water) 7.24 - 11.43 [17] 

India (Drinking water) 2.03 - 6.65 [18] 

Malaysia (Drinking water) 7 - 17 [2] 

UNSCEAR 10 [19] 

USEPA 11.1 [20] 

EPA 11 [21] 

WHO (Action level) 100 [22] 

Egypt 1.73 - 6.40 Present work 

4. Conclusions 
It is important to study the distribution of radon 

concentration in water samples of Manzala Lake, because it 
is highly contaminated with radon concentration due to the 
continuous discharge of different pollutant materials into it, 
which play an important role in causing a severe pollution 
in the studied area. The obtained results indicate that the 
radon concentrations in water samples are below the 
recommended limit of 11.1Bql-1 by the USEPA [20-23].  
All samples were found below the recommended level of 
EPA, which is equal 11 Bql-1 [22]. The values of radon 
concentration are lower than the recommended level of 
UNSCEAR [19] which is equal 10 Bql-1. The results of 
radon using CR-39 and LR-115 detectors are consistent; 
while the percentage of error in CR-39 is lower than LR-115. 
The percentage of errors, which are referred to the sensitivity 
of the detectors, detector material, track density, the etching 
and counting techniques. CR-39 detector is widely used to 
measure radon and considered as the best option to measure 
the indoor radon concentration. We conclude that the results 
are agreement with the published data in different countries 
as shown in Table 4. From the previous discussion, the 
present study can be used as reference information to detect 
any harmful radiation that would affect the human in the 
studied area. The lake water can be used as drinking and 
construction purpose without posing any significant 
radiological threat to the inhabitants from our point of view. 
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