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Abstract. Tritium atoms can replace hydrogen atoms in organic compounds, forming Organic Bound Tritium. 

Therefore, exposure of the body to tritium may lead to binding of tritium in tissue molecules, retaining it in the 

body longer than HTO, and causing higher doses. Ignoring this effect when evaluating inner exposures, may 

lead to under-estimation of tritium exposures. It was published, that tritium bound to some organic molecules 

has the potential to accumulate in organisms at higher levels as in the surrounding media. In order to investigate 

this effect and to identify physiological factors, OBT production in human malignant MG-63 osteoblast cells 

was studied. The purpose of the present work was to investigate the influence of the ionic extracellular 

potassium concentration on the amount of tritium in cells. Potassium is known as an ionic compound present in 

the body, which has the potential to cause cells swelling. Therefore, cells were exposed to isotonic and 

hypotonic media, supplemented with different concentrations of KCl, and the tritium accumulations were 

determined after incubation with HTO. An increase in the total Organic Bound Tritium production was 

observed, as well as an increase of the intracellular HTO content when increasing the KCl concentration. 
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1. Introduction 
 

Tritium is found in the environment as tritiated water, in gaseous or in liquid form (HTO, T2O). It is 

present to a lesser extent as molecular tritium (HT, T2). Tritium atoms can replace the hydrogen atoms 

in organic compounds, forming Organic Bound Tritium (OBT). If this process occurs in the human 

body, considerable portions of tritium may bound to biological molecules or remain as OBT with 

various degrees of solubility. The exchangeable hydrogen atoms of proteins include the main-chain 

peptide group NH and the side-chain protons bound to N, O and S atoms of polar groups. In nucleic 

acids, the ring imino NH's and the exocyclic amino group (NH2) protons can exchange. Carbon-bound 

hydrogen does not exchange, and is formed only via catalyzed reactions. Since C-H bonds are stable, 

except in the presence of strong acids, strong bases, or catalysts, this fraction is called "non-

exchangeable OBT". OBT can be retained in the human body much longer than tritiated water (HTO) 

and therefore the dose arising from OBT can reach 50% of the total tritium dose [1]. In human beings, 

the effective half life of HTO is 10 days. OBT has a higher retention time in the body (theoretically, 

up to a biological half life of 500 days [2]), and therefore the doses to the body are higher when 

compared to HTO [3,4,5]. The carbohydrates metabolism is one of the main pathways in mammals, in 

which tritium from HTO origin can bind in a non-exchangeable manner to carbons [6].  

 

ICRP (International Commission on Radiological Protection) models are in use to evaluate the 

effective doses caused by the intake of various radio-nuclides, and they include the tritium exposure. 

ICRP publication 78 [7], the most recent and commonly used publication on tritium exposure 

estimation, states that when HTO enters the body, 97% of the tritium is absorbed (i.e., into the 

bloodstream from the respiratory tract, gastrointestinal tract, or absorbed directly through the skin) and 

enters the 10 days compartment. The remaining 3% enters the 40 days compartment (i.e., the 

biological half life is 40 days). It was mentioned [8] that the total amount of OBT molecules formed 

after acute exposure to HTO was 6% (double as the model's value) of the total activity. In another 

publication, presenting results on chronic exposure of rats to HTO, an unexpected OBT percentage of 

22% was reported [9]. 
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Studies carried out in the 1970's and 1980's on the incorporation and distribution of tritium in aquatic 

organisms from exposure to HTO, indicated that organisms incorporate tritium into their tissue very 

rapidly and reach concentrations near these as the external medium. No indication about biological 

accumulation mechanism for 
3
H or 

1
H was found, and no indication of tritium biomagnifications 

through the food chain was observed [10]. However, tritium bound to some organic molecules does 

have the potential to accumulate in organisms above the levels in the surrounding water [6,9]. In more 

recent research works [11,12] it was stated that measurements of tritium activity in marine species 

show concentrations significantly above those predicted by standard models. Concentration factors of 

104 between seawater and marine species were measured, and it was also observed that the vast 

majority of activity was due to organically bound tritium. In the past, it was found that the 

incorporation ratio of tritium relative to hydrogen as a result of HTO environment of different plants 

and alga's, was in the range of 0.5-1.8 (the highest ratio of 1.8 was found for citrate in blue-green algae 

[6]), but some more recent papers exhibit ratios in the range 3.2-5 [13]. The deviations in tritium 

exposure models from the actual values, the last findings on tritium accumulation among marine 

species and marine organisms, and the tritium enrichment capabilities due to isotope effects, 

emphasize the need to try to understand the mechanism of HTO incorporation from the environment to 

organisms, including of human beings. One of the basic research methods is to check the influence of 

various media and physiological conditions on the OBT concentration, which is within the purpose of 

the present work. 

    

Malignant osteoblast MG-63 cells were exposed to isotonic and to hypotonic solutions supplemented 

with different concentrations of KCl, known to have a water swelling potential effect on cells, which 

leads to mitochondria and cell swelling [14,15].  

 

 

2. Materials and methods 

 

2.1 Cell culture 

 
Human osteoblast MG-67 cells were cultured in DMEM high glucose media (4500mg/litre) (Beit 

Haemek, Israel) supplemented with 10% fetal calf serum, 1% glutamine, 1% Hepes, and 100 U/ml 

Streptomycin. Cells (about 10
5
) were incubated in a tissue culture plastic ware (T75), purchased from 

Corning (Corning, NY) at 37OC in humidified air (≈ 97%) with 5%CO2 for 3 days and harvested or 

sub cultured. 

 

2.2 Proteins extracts in Ripa buffer 

 

The PBS washed cells (the pellet) were incubated for 20 minutes at ice in a 0.4 ml/flask of Ripa buffer 

containing: 50 mM Tris HCl, 150 mM NaCl, 0.5% SDS, 0.5% Na Deoxycholate, and 1 % NP-40. The 

incubated cells were passed through a 21g needle (15 times), and centrifuged for 30 minutes at 13000 

rpm. The upper liquid (supernatant), represents the cytoplasmic and nuclear proteins extract. The 

pellet left contains membranes, DNA and the RNA molecules. All fractions were kept at -20OC till 

OBT and HTO evaluations.  

 

2.3 The preparation of samples  

 
The method employed for the determination of the OBT content in the cell's extraction samples was a 

direct method [16] based on subtracting the tritiated water phase activity (HTO) from the activity of 

the complete sample (OBT+HTO). The total activity of the sample (OBT+HTO) was determined by 

mixing 2 ml of sample with 14 ml of liquid scintillator (Ultima-Gold XR) and 4 ml of nano-pure 

water (18.2 ohms), containing practically no tritium. These volumes are based on ratios recommended 

by the scintillator manufacturer. The activity of HTO was determined from 4.8 ml samples, which 

were mixed with 0.5 gr of active charcoal (adequate for samples containing up to 0.16 gr of organic 

matter), which absorbed all organic compounds. The mixtures were filtered through Whattman paper 

filters (no. 41). Samples were prepared by mixing 1 ml of the filtrate with 14 ml of liquid scintillation 

(Ultima-Gold XR) and 5 ml of tritium-free water. All samples were shaken to homogenize the 
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ingredients, left prior to counting for 12 hours at least in a refrigerator (4-8
0
C), then counted for        

45 minutes in a Quantulus 1220 system operated at the Soreq Nuclear Center / Israel. The maximal 

tritium window up to channel 335 was employed. The average value of 35 counted blanks was 0.05 

cpm, and a typical FM (Figure of Merit) value for this setting was about 330. Based on this 

background value, and using the equation adopted by the American Standard Recommendation ANSI-

N13.30 [17] the minimum detectable activity is evaluated as 0.002 Bq/sample. The average limit of 

detection of OBT (MDAOBT) when employing the direct subtraction method was 0.052 Bq/cc for a 

counting time of 45 minutes [16]. 

 

 

3. Results and discussion 

 
3.1 The contribution of 

40
K  

 
The natural abundance of 40K is 0.0118%. This isotope is known as one of the main contributors to 

human internal radiation exposure. 40K emits beta radiation at a much higher energy than tritium, but 

as the beta spectrum is continuous, the interaction in the scintillator produces also small pulse heights, 

that may contribute to the count rate when determining tritium in various samples. As potassium is 

capable to cause cell swelling [15], and in order to check the potassium effect on OBT formation in 

cells, we firstly determined the 
40

K contribution ("equivalent 
3
H activity") to the 

3
H quantitative 

determination. Samples containing KCl at various concentrations, tritium-free water and liquid 

scintillator were prepared and counted. As no other materials were present, the count rates in the 3H 

region were attributed solely to 
40

K. According to the analysis of spectra from these samples,          

4.27 ± 0.98% from the spectrum area is contained in the 3H spectral region [18]. Thus, the contribution 

from 40K to the equivalent 3H activity can be estimated as 4.27% from the total integral area of the 40K 

spectrum. Physiological relevant 
40

K concentrations were prepared by using a 1M KCl solution 

(analytical grade, Frutarom, Israel). 20 mL final volume samples (for constant counting geometry) 

containing different KCl concentrations were counted to determine the equivalent 3H activity. Each 
40

K standard concentration consisted of a constant amount of tritium-free water and liquid scintillator 

(to achieve a constant quench parameter - SQPE and a constant counting efficiency), and different 
40

K 

concentrations. Fig. 1 describes the 3H equivalent activity of 40K as a result of the various 

concentrations of KCl. This activity is evaluated based on the count rate in the 
3
H region from 0 to 

18.6 keV [18]. The minimal detection activity (MDA) of 
40

K calculated from the integral area of the 

energy region of 40K was 3.04E-05 Bq/sample for a 95% confidence level and for 45 min counting 

time. 

 

The 40K contribution to the 3H region was evaluated based on the higher pulse height spectrum area 

and was subtracted from the tritium results to avoid any interference. The correct subtraction of the 
40

K contribution when determining 
3
H activity was checked by adding an HTO spike of 0.72 ±  0.1 Bq 

to samples containing different KCl concentration. The minimum limit of detection (MDAHTO) for   

45 minutes counting time was 8.41E-05 Bq/Samle for samples of 20 ml volume [16]. 
40

K 

contributions ("equivalent 
3
H activities") were determined as mentioned before, and subtracted from 

the total activity of the 3H region to obtain the 3H net activity. Fig. 2 presents the distribution of the 

evaluated 3H net activity for the various KCl concentrations checked, related to the average expected 

value. All results are within the range of ±2σ from the target value (0.72 ± 0.1 Bq). The 3H net 

activities presented in Fig. 2, were tested also by the student t-test and gave a value of 1.03 which is 

smaller than the critical value (2.145), meaning that all results do not deviate significantly from the 

reference target value (for a confidence level of 95%).  
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Figure 1: The 
3
H equivalent activities due to different concentrations of 

40
K . 
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Figure 2:  The 

3
H net activity for the various KCl concentrations checked. 
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3.2 Tritium activity evaluations in cells 

 
OBT activity determinations for the MG-63 malignant cells treated with various concentrations of KCl 

and a constant activity of HTO (200 Bq/ml), were carried out by measuring 1500µg protein samples.  
40

K contributions to the 
3
H region were subtracted as described before and net 

3
H activities were 

determined. The OBT part was evaluated by subtracting the HTO activity from the total 
3
H activity 

[16]. Fig. 3 presents the OBT and the HTO activities in the samples relative to the values of the 

isotonic control Standard (I1), which consisted of 5 mM KCl and 140 mM NaCl. The measurements 

were performed after three days of cells incubation in the different KCl and NaCl concentration 

solutions. KCl and NaCl were supplemented to the isotonic medium in order to simulate extracellular 

osmolarity increase, and to emphasize the potassium effect.    

 
Figure 3: HTO in Cells and OBT activities relative to the control isotonic medium (I1), accumulated 
after exposure to different KCl concentrations and to 200Bq/ml of HTO. 
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  I1 -  Isotonic medium (5 mM KCl, 140 mM NaCl) – control 

  I2 -  Isotonic medium (supplemented to 155 mM NaCl)  

  I3 -  Isotonic medium (supplemented to 20.76 mM KCl) 

  H1 - Hypotonic medium (3.05 mM KCl, 80 mM NaCl)) 

  H2 - Hypotonic medium (supplemented to 9.2 mM KCl) 
  H3 - Hypotonic medium (supplemented to 18.42 mM KCl) 

  H4 - Hypotonic medium (supplemented to 27.6 mM KCl)  

  H5 - Hypotonic medium (supplemented to 36.85 mM KCl) 

 

 
It can be seen from Fig. 3, that by increasing the NaCl concentration in the isotonic medium (I2), there 

is an increase of the OBT content in DNA and membranes, parallel to a decrease of the OBT content 

in cytoplasmic and nuclear proteins and the HTO content in cells. On the other hand, when 

supplementing the isotonic medium with KCl (I3), there is a similar increase of the OBT content in 

DNA and membranes, but the OBT content in cytoplasmic and nuclear proteins is also slightly 

increased, and the HTO content in cells increases significantly, by almost a factor of 2. 
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The results for the hypotonic medium are also presented in Fig. 3. It can be seen that the OBT content 

in DNA and membranes increases monotonically with the increase in the KCl concentration (in the 

range ∼3 mM KCl to ∼37 mM KCl). The OBT content in cytoplasmic and nuclear proteins reaches its 

maximal value already at a concentration of ∼9 mM KCl, with a constant value thereafter. The HTO 

content in cells increases by about 30% relative to H1 when the KCl concentration is increased in the 
hypotonic medium for the range shown. It is to be mentioned that for the higher KCl concentration in 

the hypotonic media, the OBT content in cytoplasmic and nuclear proteins and also in DNA and 

membranes is higher also relative to the isotonic medium (by ∼37% and ∼20% accordingly). The HTO 

content in cells is much higher in all hypotonic media relative to the isotonic media, reaching a factor 

of about 2.4 for the highest KCl concentration. 
 

Additional data on the treated cells, as discussed above, is given in Table 1. The initial number of 

cells, before the 3 days treatment, for all described media was 7.3E+04 ± 2.0E+04 in 14 mL. The cells 
number after 3 days of growth in the various media is given in table 1. The one cell proteins weight for 

each medium was calculated from the measured total weight divided by the appropriate cells number. 

The order of magnitude of the cells weight was found to be in accordance with data published in the 

literature [19]. It can be seen that the one cell proteins weight value increased drastically for the 

hypotonic media (H1 – H5), but is not dependent on KCl concentration, pointing to a hypotonic media 

effect.     
 

Table 1: Total cells proteins weight, the number of cells, and one cell proteins weight values after 

treatments in different media. 
 

 

Medium (a)  

 

 

Total cells 

proteins weight (b) 

[µg] 

 

Number of total 

cells in 14 mL  

 

One cell proteins 

weight  

[µg] 

Relative one 

cell proteins 

weight  

[%] 

I1 4.1E+03±5.1E+02 2.7E+06±2.0E+04 1.5E-03±1.8E-04 100 

I3 5.4E+03±6.7E+02 3.4E+06±2.0E+04 1.6E-03±1.8E-04 106.7±12 

H1 2.9E+03±3.7E+02 8.4E+05±2.0E+04 3.5E-03±4.0E-04 233.3±27 

H2 3.7E+03±4.6E+02 1.1E+06±2.0E+04 3.3E-03±3.8E-04 220.0±25 

H3 3.5E+03±4.3E+02 8.4E+05±2.0E+04 4.1E-03±4.7E-04 273.3±31 

H4 3.7E+03±4.6E+02 9.8E+05±2.0E+04 3.7E-03±4.3E-04 246.6±29 

H5 5.0E+03±6.2E+02 1.4E+06±2.0E+04 3.5E-03±4.1E-04 233.3±27 

 
(a)

 see definitions at Fig. 3. 
(b)

 see equation 1 below. 

 

 

The cells protein weight is calculated by:  
 

                        Y =  (X*Z*A) / B                                                                    (1)                            
 

where: Y -  is the weight of proteins of one cell. 
            X -  is the volume of the proteins solution. 

            Z  -  is the protein weight of 1 µl of the proteins solution. 

            A  -  is the efficiency of the proteins production.  
            B  -  is the total number of cells.  
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One cell proteins weight uncertainty is calculated by: 
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where:     

              ET – is the total uncertainty of one cell's proteins weight (see Table 1). 
              EX – is the uncertainty of the proteins solution's volume (1%). 

              EZ – is the uncertainty of the protein weight determination (0.8%). 

              EA – is the uncertainty of the efficiency of the proteins production (11.5%) 

                      [was calculated from the standard deviation of three cells protein 

                      productions].  

              EB – is the uncertainty of the total number of the cells (see Table 1). 

  

 

Increasing KCl concentrations was found to increase the HTO content in cells in any medium (isotonic 

or hypotonic) by 80-136%, (see Fig 3). In addition, KCl supplementation to the isotonic medium (that 
already contained 5 mM KCl) to a concentration of 20.76 mM KCl, was found by three separate 

experiments to increase the cells number by about  26% in comparison to the isotonic control (I1), (see 

Table 1).  

 

 

4. Conclusions 

 
The intracellular HTO activity and the OBT activity were found to be influenced by the osmolarity of 

the extracellular media (isotonic and hypotonic solutions). Raising the KCl concentration in the 

hypotonic growth media resulted in an OBT increase of about 37% in the cytoplasmic and nuclear 

proteins, and about 20% in the DNA and membranes fraction. The HTO content in cells increased 
significantly when adding KCl to the growth media, relative to the standard isotonic medium. The 

cells protein weight increases significantly when growing in hypotonic media, but this seems to be 

unrelated to the KCl concentration. The relative increase in the organic matter content of the cells and 
in the HTO content are of a similar magnitude. It can be supposed that the organic matter will contain 

a significant OBT portion, due to tritium binding to the organic molecules.    

 
Serum potassium level can temporarily fluctuate, as it was found to be associated with age, smoking, 

caffeine consumption, and total and HDL cholesterol levels [20]. According to our results, potassium 

is one of the physiological factors that can affect OBT levels, therefore OBT burden may not be 

similar for each person. Hence, personal parameters as age or physiological, nutritional, or metabolic 

parameters are to be taken into consideration. 
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