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Abstract 
 
Sorption of the radionuclides and heavy metals from low level liquid 
radioactive waste on the coagulant produced from bauxite waste (red mud and 
waste base) was presented. Research was conducted on composite annual 
samples of waste water collected in the Waste Monitor Tank (WMT) from 
Krško Nuclear Power Plant during each month. 
Activities of radionuclide in WMT were measured before and after purification 
using high purity germanium detector. Also, elemental concentrations in WMT 
before and after purification were measured by source excited energy 
dispersive X-ray fluorescence (EDXRF). It has been showed that activated red 
mud is excellent purification agent for the removal of radionuclides present in 
low level liquid radioactive waste. Removal efficiency was 100% for the 
radionuclides 58Co and 60Co 100%, and over 60% for 134Cs and 137Cs. 
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1. Introduction 
 

Liquid low-level radioactive waste is generated primarily by nuclear power 
plants during purification of cooling water. Lubrication oil and sludge’s from 
filters are other examples of liquid low-level waste. Liquid low-level 
radioactive waste must be solidified for transportation and disposal. Usually, 
as much water as possible is removed from the liquid waste, and the 
remaining material is immobilized [1, 2].  

To ensure safe discharge into environment liquid radioactive waste has to 
fulfil very strict requirements connected with the limits of radioactive 
substances and other impurities. There are many methods used for liquid 
radioactive waste treatment: chemical precipitation, sedimentation, ion 
exchange, thermal evaporation, biological methods and membrane 
permeation.  

Our previous investigation revealed that acid treated red mud (RM) by-
product of alumina production could be used successfully for heavy metals 
removal from its own waste base as well as waste waters generated from 
pressure washing of boats coated with antifouling paints and paper making 
industry [3-7]. Although, highly efficient in heavy metals removal only few 



 

papers were published concerning purification radionuclides containing liquids 
[8, 9].   
 
2. Materials and methods 
 
Activated red mud (ARM) was prepared as follows: 2 kg of sample was 
partially dissolved in H2SO4 (30% wt) with a solid/liquid ratio 1:10. After 
partial dissolution of the slag at room temperature (250C), during 24 h, the 
resulting suspension was centrifuged. After removal of the extract acidic solid 
part was neutralised with sodium base (5%) to pH=8 and centrifuged. Liquid 
part was decanted while solid part called activated iron slag (AIS) was used 
for radionuclides and heavy metals sorption from liquid low-level radioactive 
waste (LLLRW) prepared from 12 composite samples from Waste Monitor Tank 
of Krsko Nuclear Power plant (Slovenia). Initial activity of nuclear waste 
water (NWW) was determined with gamma spectrometer and total 
concentration of heavy metals by EDXRF. 
To study the influence of pH, 2.5 g (wet weight) of ARM was added to 125 mL 
of LLLR adjusted to pH 5, 6, 7, 8, 9,10 and 11 by addition of NaOH or HCl and 
subjected to mixing on the magnetic stirrer (200 r.p.m.) for 20 min. After 
sedimentation lasted for an hour, water was filtered through filter paper 5892 
(White ribbon) and analyzed by gamma spectrometry and XRF spectrometry. 
 
In order to determine an optimum contact time 2.5 g of ARM (wet weight) and 
100 mL of NWW (pH adjusted to 8) was mixed for 10, 20, 30, 40, 50 and 60 
minutes respectively on the magnetic stirrer (200 r.p.m.), and after flock 
settlement lasted one hour a clear solution was decanted, filtered through 
filter paper 5892 (White ribbon) and analyzed by and analyzed by gamma 
spectrometry and XRF spectrometry. 
 
In order to determine an optimum mass of ARM (wet weight) 0.5, 1, 1.5, 2 and 
2.5 g of ARM were mixed with 100 mL of NWW 20 minutes (200 r.p.m.). After 
flock settlement lasted one hour a clear solution was decanted, filtered 
through filter paper 5892 (White ribbon) and analyzed by and analyzed by 
gamma spectrometry and XRF spectrometry. 
 
Activities of radionuclides in NWW before and after purification were 
analysed by gamma spectrometer equipped with BE3830 model High Purity Ge 
detector (Canberra Industries, Inc., USA) with 30% relative efficiency and 2.1 
keV resolutions at 1.332 MeV 60Co line. The detector was placed inside low-
background lead shield (Canberra Industries, Inc., USA). The detector 
characteristics are as follows: active diameter 70 mm; active area: 3800 mm2; 

thickness: 30 mm; outside distance from the window: 5 mm; window thickness: 
0.5 mm; window material: carbon epoxy. Spectra were recorded during 80.000 
seconds and analyzed using Genie 2K “Canberra” software.  
 
3. Results and discussion 
 
Figure 1 presents the influence of pH of the treated solution on the sorption of 
radionuclides onto activated red mud. Removal of 58Co and 60Co ranging from 
app 40 % at pH 5 to 100 % at pH 8 and dropped to only app. 20 % at pH 10. In 



 

basic medium significant decrease of the removal efficiency was obtained (at 
pH 10 = 35 %). 137Cs and 134Cs showed similar removal efficiency with 
maximum value determined at pH 8 (app. 65 %). Sorption of cesium 
radionuclides onto ARM was significantly lower compared to cobalt. Both 
cobalt radionuclides were highly sensitive to pH changes with the best results 
obtained at slightly basic and neutral pH value of the treated solution.  
 
 

 
 
 
Figure 1. The influence of pH value of the treated solution on the sorption of 
radionuclides. 
 
 
Maximum removal efficiency for 58Co and 60Co was found after 20 minutes of 
mixing (Fig. 2). Sorption onto ARM significantly dropped with increasing 
mixing time. 137Cs and 134Cs were less sensitive to the changes of mixing time, 
reaching maximum value after 40 minute of mixing. 
 
 



 

 
 
Figure 2. The influence of mixing time on the sorption of radionuclides onto 
activated red mud. 
 
Results presented in Figure 3 showed that maximum removal of radionuclides 
were found after treatment of the solution with 2.5 g (wet weight) of the 
coagulant. Acceptable results were obtained even with 2 g of coagulant.  
 

 
 
Figure 3. Efficiency of the removal of heavy metals with activated red mud 
depending on the mass of coagulant 
 
 
4. Conclusion 



 

 
 Use of activated red mud is extremely interesting alternative for liquid 
low level radioactive waste treatment. In our previous studies we determine 
that ARM is a suitable sorber for heavy metals present in dissolved and 
suspended phase of waste water. In order to test suitability of ARM for 
radionuclide removal we were studied the influence of pH, mass of red mud 
and contact time on heavy metals and radionuclides removal. Optimal mass 
was 2.5 g of ARM and mixing time was 20 minutes. Maximum efficiency of 
removal for 58Co and 60Co (100%) was obtained at pH 8 while at lower and 
higher pH value efficiency is dramatically decreasing (40 and 20%). Maximum 
efficiency for 134Cs and 137Cs removal (65%) was obtained at pH 8. 
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