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Abstract 

In the nuclear industry, the disposal of radioactive waste is a crucial issue. Strontium is one of the most 
dangerous radionuclides to human health. In this study, strontium 85 adsorption on molecular sieves was 
investigated. The factors affecting the adsorption on molecular sieves were examined. In order to increase 
adsorption, the sorbent (molecular sieves) was activated before contact with radioactive strontium. The 
response surface methodology was used to evolve the predictive regression model for adsorption of 
radioactive strontium on molecular sieves. The experimental and predicted maximum decontamination 
factor 14.23 and 12.93 was obtained, respectively. Molecular sieves were found to be useful for the removal 
of radioactive strontium from water solution. 
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1. Introduction

Radioisotopes are delivered into the environment from 
nuclear facilities. During the normal functioning of 
nuclear power plants, radioactive liquid waste is 
produced besides nuclear accidents [1-3]. Due to its 
toxicological effect on the human health radioactive 
wastewater is a serious environmental concern. The 
sample of these health problems are cancer and 
carcinogenic diseases. Radioactive strontium is a main 
contaminant in low-level radioactive wastewaters from 
nuclear power plants. There are different types of cations 
including nonradioactive strontium in the environment 
[2-4]. 

The atomic number of elemental strontium is 38. Stable 
strontium is a soft, silver-gray metal. Strontium occurs 
naturally in the earth as a mixture of four stable isotopes. 
85Sr (half-life = 64.84 d) is radioactive strontium isotope 
which occur in the environment from routine discharges 
from nuclear installations and from nuclear accidents [5]. 

Because of its relatively long half-life and high toxicity 
the removal of strontium from wastewaters is of great 
interest. Strontium is one of the most harmful 
radionuclides in radioactive liquid waste.  A half-life of 
strontium-90 28.8 years and it is a pure beta emitter of 

0.546 MeV. It is generally found in many groundwater 
systems coming from historic nuclear waste storage sites 
[3, 4, 6, 7]. The contamination by the radioactive 
strontium increases environmental interest on the healthy 
water [2, 8]. 

In order to decrease the volume of radioactive waste, 
many techniques including adsorption, ion-exchange 
processes, evaporation have been reported. Among the 
methods, adsorption method is examined to be economic 
and effective, due to its radiation stability [2, 3, 4, 9]. 
Although a number of investigations have focused on the 
application of sorbents for the removal of radionuclide 
from waste solutions, however few have reviewed 
adsorption modelling with response surface methodology 
(RSM) [3, 10-12]. This study aimed to investigate 
molecular sieves application for the removal of strontium 
from waste solutions. 

2. Materials and Methods

Molecular sieve (Merck, 105705) is used in this study. 
85Sr was obtained from Institute of Nuclear Chemistry 
and Technology, Warsaw, Poland. The radionuclidic 
purity of 85Sr was determined by gamma spectrometry. 
Molecular sieve was activated for two hours at 873 K 
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before contact with strontium ions. Subsequently 
molecular sieve was added to the strontium 85. We shook 
the mixtures for 4 h. Thereafter the mixtures were filtered 
with a syringe filter. The activities of strontium 85 were 
measured with Polon Warszawa Analyzer (A-22p HT 
Power supply ZW N-21M HT Control 0/2000V). For all 
liquid radioactivity measurements, a volume of 10 mL 
solution was used. Each measurement was repeated for 
10 times. The experimental decontamination factor was 
described as below: 

     DF = A0 / Af  (1) 

where A0 was the initial activity of Strontium 85 feed 
solution (Bq/L) and Af was the final activity (Bq/L).  
More details regarding experiment can be found in 
previous studies [12, 13]. 

We regulated the experimental analysis and modeling 
using RSM as a useful mathematical and statistical 
technique as described previously in details [12-16]. The 
response decontamination factor can be determined 
which is influenced by various input variables in RSM 
model. 

The general form of RSM can be present as below: 

𝐷𝐹 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽11𝑋1
2 + 𝛽22𝑋2

2 + 𝛽12𝑋1𝑋2
(2) 

 =[0 1 2 11 22 12]T   (3) 
 = (XTX)-1XTDF   (4) 

where:  – shows regression coefficients; 
X –input values; 
DF – decontamination factor (response). 

Adsorption of strontium ions solutions onto molecular 
sieves;  
- regression model with actual variables:
�̂�𝐹 = 7.66 − 123.1𝑆𝐷 − 0.00042𝐴0 + 1257𝑆𝐷2 −
0.00711𝑆𝐷𝐴0    (5) 

valid for the range: 

0.05≤ SD ≤0.15 (%w/v); 4037≤ A0 ≤8992  (Bq/L) 

The calculation details can be found in previous studies 
[12- 19]. All calculations were done by means of Minitab 
19 software. 

3. Results and Discussion

The ANOVA was employed to test the accuracy of the 
calculated model. According to the results the model was 
compatible where the probability value was 0.016. F 
value was 11.96 it was indicating that the experimental 
decontamination factor obtained by changing the factor 
levels were statistically meaningful at the 94% 
confidence limit. R2 value should be close to 1 for a better 
statistical model. The mathematical model is adequate for 
the prediction radioactive strontium 85 removal by 
molecular sieves sorption since R2 = 0.94> (0.75). Lack 
of fit F and p values are 32.17 and 0.129 (P>0.05), 
respectively. Lack of fit was not significant and this 
means that the model is adequate [19, 20]. 

      Table 1. Strontium 85 experimental design for molecular sieves. 
Run 

number 
(N) 

Factors (input values) Response 

Amount of sorbent 

(g/100ml) 

Initial activity of 

Strontium 85 Bq/L 

Final 

activity 

Bq/L 

Decontamination Factor 

(DF) 

Experimental Predicted 

SD 

(% w/v) 
level a 

x1 
C0

(Bq/L) 
level a 

x2 DF DF 

1 0.15 1 8992 1 762.13 11.80 11.35 
2 0.05 -1 8992 1 2141.12 4.20 4.91 
3 0.15 1 4037 -1 283.68 14.23 12.93 
4 0.05 -1 4037 -1 1298.78 3.11 2.96 
5 0.15 1 6514.5 0 661.71 9.84 11.59 
6 0.05 -1 6514.5 0 1651.13 3.95 3.38 
7 0.1 0 8992 1 1714.54 5.24 4.99 
8 0.1 0 4037 -1 1200.13 3.36 4.81 
9 0.1 0 6514.5 0 1379.29 4.72 4.34 

10 0.1 0 6514.5 0 1266.07 5.15 4.34 
  a −1 = low value. 0 = center value. +1 = high value.  
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Figure 1. Response surface plot of decontamination factor response depending on for molecular sieves- Radioactive 

strontium. 

Figure 2. 3D-Response surface plot of decontamination 

factor for molecular sieves- Radioactive strontium. 

The experimental and predicted minimum 

decontamination factor 3.11 and 2.96 was obtained. 

respectively. The experimental and predicted maximum 

decontamination factor is 14.23 and 12.93 respectively.  

In a previous study, the optimal conditions for zeolite 3A 

were found to be of initial activity of 85Sr feed solution 

=8992 Bq/L and sorbent dosage 0.1 %w/v. A maximal 

decontamination factor (experimentally) was 41.67 [12]. 

In this study, decontamination factor of 5.24 was found 

experimentally for molecular sieves in same conditions. 

Strontium is one of the prominent radionuclides in 

radioactive wastewater. There are many techniques for 

the removal of radionuclides from wastewater.  

Among these removal techniques. adsorption is simple 

and has tremendous efficiency. The adsorption capacities 

rise as the sorbent dosage augmentation. The diverse 

cations interfere with the strontium adsorption on 

molecular sieves through the purification. Radioactive 

wastewater such as strontium generated from the nuclear 

fuel cycle. Radioactive elements have huge potential of 

collection in plants causes important environmental and 

health problems [2- 4]. 

4. Conclusions

In this study. initial activity and the influence of sorbent 

amount on decontamination factor were investigated by 

means of RSM. It was found that experimental design 

and RSM are the efficient approaches for modeling of the 

removal efficiency of strontium ions. 
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