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The Gulf waters of the region are extremely important for desalination to meet its 

freshwater needs. There are large desalination facilities installed along the western 

Gulf coast, with a cumulative desalination capacity of the countries in the Arabian Gulf 

being approximately 11 m3/d. Radioactivity monitoring in the marine environment 

becomes very important in the Gulf region due to the fact that the Gulf states are 

moving towards a nuclear energy option. The first nuclear power plant in Bushehr, 

Iran, has been operational since 2011 and others are commissioned in Abu Dhabi and 

Saudi Arabia. This study presents the first radionuclide baseline in the northern Gulf 

waters (considered as pre-nuclear) and is expected to be a valuable dataset for future 

monitoring works in this region. The concentrations range of Tritium, Strontium-90, 

Polonium-210, Lead-210, Cesium-137, Potassium-40, Uranium-238, and Uranium-234 

in the northern Gulf waters were 0.14 - 0.15, 0.57 – 0.78, 0.48 – 0.68, 0.75 – 0.89, 1.25 

– 1.38 and 89 – 93 mBq/l, respectively. The low levels of tritium in the region can be 

attributed to limited atmospheric tritium fallout due to low precipitation and the lack of 

nuclear power plants (NPPs) until 2011 in the area. The most likely source of 

strontium-90 concentration in the Gulf waters is long-range transport. The 

concentrations of 210Po in seawater ranged between 0.48 and 0.68 mBq/l; however, 

there is a seasonal fluctuation that has also been observed. The 137Cs concentration in 

this area is comparable to that reported for the Pacific and the Indian Oceans, i.e., 

between 0.1 and 2.8 mBq/l during the year 2000 (Povinec et al., 2005). The current 

baseline data generated suggest that the levels of these different radionuclides in 

Kuwait’s seawater are comparable to their levels in other marine waters in the 

northern hemisphere (IAEA, 2001). The low levels of radionuclides ensure the 

radiological safety of desalinated water and seafood. 
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Introduction 

 

The Gulf waters are extremely important for desalination to meet the 

freshwater needs in the region. There are large desalination facilities installed 

along the western Gulf coast, with a cumulative desalination capacity of the 

countries in the Arabian Gulf being approximately 11 m
3
/d (Lattemann and 

Höpner, 2008; Uddin et al., 2010). Radionuclide monitoring in the marine 
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environment is a matter of prime concern for the northern Gulf states due to the 

fact that several countries are moving towards the nuclear energy option. The 

first nuclear power plant in Bushehr, Iran, is already operational and others are 

likely to be commissioned soon in Abu Dhabi and Saudi Arabia. Various 

researchers have looked at radionuclide concentration in seawater from the 

region (Al-Ghadban et al., 2011; Al-Qaradawi et al., 2015; Al-Zamel et al., 

2005; Uddin et al., 2012a; Uddin et al., 2013b). This study presents the 

radionuclide baseline in the northern Gulf waters (considered as pre-nuclear) 

and is expected to be a valuable dataset for future monitoring work in this 

region. The comprehensive baseline measurements for 
210

Po, 
210

Pb, 
137

Cs, 
90

Sr, 

and 
3
H were established for the Gulf waters (Figure 1). 

 

 

Methods 

  

Water samples were collected from six sites at a depth of 1 m below the 

sea surface using 5-l Niskin bottles. The water sampler was manually lowered 

to the sampling depth and then opened. Once full, the sampler was raised and 

the seawater was transferred into appropriate containers, acidified, and stored. 

From each location, 100 l of seawater were transferred into five containers of 

20 l each. The containers were labeled with date and time, and the Global 

Positioning System (GPS) locations and sample IDs were noted. Then, the 

containers were sealed. Standard procedures were followed for the 

measurement of the radionuclides. Tritium (
3
H) was measured by liquid 

scintillation spectrometry using a Quantalus 1210 instrument after electrolytic 

enrichment following the procedure developed by Ostlund and Werner 

(Ostlund and Werner, 1962). This method is precise and useful for 

environmental samples with low 
3
H concentrations. The lower detection limit 

for this method is 0.2 tritium unit (TU), corresponding to 0.025 Bq/l for a 100-

min count (Al Ghadban et al., 2010). For 
137

Cs determination, the ammonium 

molybdophosphate (AMP) method developed by Yamagata (Yamagata, 1963) 

was used. This method is extensively used in marine environmental studies 

(Aarkrog et al., 1983; Jefferies and Steele, 1989; Molero et al., 1993). A low-

level gamma spectrometry system with a germanium detector was used for 
137

Cs determination in various environmental matrices. The seawater samples 

were not filtered; therefore, the total radionuclide concentration was 

determined. 
210

Po in the seawater samples was analyzed using a radiochemical 

method developed by Bojanowski et al. (Bojanowski et al., 1983), and a 

twelve-chamber alpha spectrometry system from Canberra was used for 

counting the samples. Strontium (
90

Sr) was determined by yttrium in-growth 

and beta-ray spectrometry (La Rosa et al., 2001).  

As part of the quality assurance/quality control (QA/QC) procedures, 

blank and spiked samples were used as controls for each batch of analysis. The 

radiometrics group had also participated in an interlaboratory comparison 

exercise and a proficiency testing program organized by the International 

Atomic Energy Agency (IAEA) for external assessment. Some of the results 
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obtained for the IAEA proficiency testing IAEA-TEL-2014-03 at our 

laboratory for 
238

U, 
234

U, 
210

Pb, 
137

Cs and 
241

Am were 1.93 ± 0.08 Bq kg
-1

, 1.93 

± 0.079 Bq kg
-1

, 23.12 ± 1.3 Bq kg
-1

 and 15.87 ± 0.52  Bq kg
-1

,
 
respectively, 

compared to the corresponding IAEA certified values of 1.98 ± 0.01, 1.91 ± 

0.01, 22.96 ± 0.45 and 16.25 ± 0.2 indicating that our analyses successfully 

passed all these tests.   

 

Figure 1. Sampling Locations 

 
 

 

Results and Discussion 

 

The radionuclide concentrations in seawater are presented in Table 1. The 

low baseline levels of tritium in the region (1.11 to 1.25 TU) can be attributed 

to limited atmospheric tritium fallout due to the very low amount of 

precipitation in Kuwait. The major sources of tritium discharge are the NPPs, 

and there has been only one NPP operational since 2011 in the area. The likely 

fallout from the atmospheric nuclear testing in the 1950s and 1960s has 
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decayed significantly due to the short half-life of tritium (12.32 y) resulting in 

this low baseline. Natural (pre-nuclear age) levels of tritium in precipitation are 

on the order of 1-5 TU (EPA, 2006). 

Strontium-90 concentration in Kuwait’s territorial waters ranged between 

0.57 and 0.78 mBq/l, with the most likely source being long-range transport. 

Stable strontium, also measured in seawater, ranged between 8.94 and 9.60 

ppm (Uddin et al., 2013b), higher than the average oceanic concentration of 

stable strontium of ~ 8 ppm. The 
87

Sr/
86

Sr ratio is a strong indicator of 

geochemical processes (Shields, 2007) with modern day seawater having a 

ratio of ~ 0.709. There are two major sources of strontium, i.e. a submarine, 

chemical alteration giving a characteristic 
87

Sr/
86

Sr ratio of 0.703 (Hofmann, 

1997), and the subaerial chemical weathering of the continental crust and 

sedimentary cover resulting in a 
87

Sr/
86

Sr ratio of ~ 0.712 (Palmer and 

Edmond, 1989; Peucker-Ehrenbrink and Miller, 2006). The 
87

Sr/
86

Sr ratios in 

Kuwait’s waters ranged between 0.709128 and 0.709157 (Table 2), suggesting 

a strontium origin from carbonate rock dissolution, possibly due to excessive 

sediment input from the northern rivers that includes Karun, Shaat Al Arab, 

Shaat Al Basra and also due to the acidification of the Gulf waters (Uddin et 

al., 2012a; Uddin et al., 2008; Uddin et al., 2012b; Uddin et al., 2012c). 

Polonium is also found in the earth’s crust in low concentrations and is 

quite frequently associated with phosphates. There are many isotopes of 

polonium; but in this study, 
210

Po was considered because the bulk of Po 

uptake is from this isotope, its half-life is 138 d, and its specific activity is quite 

high (4500 ci/g). Another factor for considering 
210

Po was that it originates as a 

decay product of 
222

Ra and 
226

Ra. The radon concentration in Kuwait is 

reasonably high, and its decay product is expected to be deposited in both the 

terrestrial and the marine environment. The baseline concentrations of 
210

Po in 

seawater ranged between 0.48 and 0.68 mBq/l; however, there is a seasonal 

fluctuation that has also been observed (Uddin and Behbehani, 2014). 

The 
90

Sr concentration in Kuwait’s seawater ranged between 0.57 and 0.78 

mBq/l, which is comparable to the observations made under the IAEA 

coordinated Worldwide Marine Radioactivity Studies (WOMARS) in the 

Pacific and the Indian Oceans (Povinec et al., 2005). The estimated average 

during the year 2000 was found to be 0.1 to 1.5 mBq/l (ibid.). The 
90

Sr 

concentration in the Arabian Gulf is far less than that reported for the Caspian 

Sea, where the mean 
90

Sr concentration during 1995 was 8.0 ± 1.6 mBq/l 

(Povinec et al., 2003). This average concentration appeared to be higher than 

that expected from the global fallout in this latitude belt (IAEA, 2001) and was 

mainly attributed to river input suggesting the remobilization of 
90

Sr from the 

catchment area. 

The 
137

Cs concentration in Kuwait’s marine waters ranged between 1.25 

and 1.38 mBq/l. This range in concentration is comparable to that reported for 

the Pacific and the Indian Oceans, i.e., between 0.1 and 2.8 mBq/l during the 

year 2000 (Povinec et al., 2005).  
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Conclusions 

 

The current baseline data generated suggest that the levels of the 

aforementioned different radionuclides in Kuwait’s seawater are comparable to 

their levels in other marine waters in the northern hemisphere (IAEA, 2001). A 

seasonal drop in the 
210

Po concentration in seawater was observed to vary with 

the abundance of phytoplankton and macroalgae leading to biological dilution. 
90

Sr concentration is low in Gulf waters. The 
137

Cs concentration in seawater 

was also reasonably low; hence, such low levels provide an opportunity to use 

this radionuclide as an indicator for any future radiocesium releases in this 

region. 
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Table 1. Radionuclide Concentrations in Kuwait’s Seawater Sampled in 2010 and 2013 

Station 
3
H (TU)  

2013 

90
Sr (mBq/l) 

2013 

210
Po (mBq/l) 

2013 

210
Pb (mBq/l) 

2013
 

137
Cs (mBq/l) 

2010
 

40
K (mBq/l) 

2010
 

238
U (mBq/l)

 234
U (mBq/l)

 

1 1.22 ± 0.01 0.68 ± 0.06 0.49 ± 0.06 0.78 ± 0.05 1.34 ± 0.14 90 ± 7 - - 

2 1.17 ± 0.01 0.73 ± 0.05 0.68 ± 0.08 0.89 ± 0.03 1.36 ± 0.18 89 ± 8 - - 

3 1.21 ± 0.01 0.65 ± 0.05 0.54 ± 0.08 0.83 ± 0.04 1.25 ± 0.18 92 ± 8 - - 

4 1.22 ± 0.01 0.78 ± 0.10 0.63 ± 0.02 0.86 ± 0.04 1.38 ± 0.14 91 ± 9 - - 

5 1.11 ± 0.01 0.77 ± 0.08 0.68 ± 0.02 0.89 ± 0.02 1.34 ± 0.14 93 ± 8 - - 

6 1.22 ± 0.01 0.61 ± 0.08 0.64 ± 0.20 0.87 ± 0.06 1.35 ± 0.18 91 ± 8 - - 

S 1.25 ± 0.01 0.57 ± 0.05 0.48 ± 0.07 0.75 ± 0.05 - - - - 

Z 1.19 ± 0.01 0.68 ± 0.10 0.49 ± 0.08 0.77 ± 0.04 - - - - 

7 - - - - - - 0.040 ± 0.005 0.054 ± 0.006 

Range 1.17- 1.25 0.57 – 0.78 0.48 – 0.68 0.75– 0.89 1.25- 1.38 89–93   
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Table 2. 
87

Sr/
86

Sr Concentration Ratios in Kuwait’s Seawater  

Station 
87

Sr/
86

Sr Uncertainty  

1 0.709143 0.000006  

2 0.709151 0.000013  

3 0.709128 0.000010  

4 0.709138 0.000009  

5 0.709157 0.000011  

6 0.709140 0.000013  

Z 0.709154 0.000007  

S 0.709153 0.000013  

Source: (Uddin et al., 2013a) 
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