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ABSTRACT 

 

In this study, we describe a new laundry system to wash clothes, including those contaminated with radionuclides, 

without using detergent. The main part of this system is electrolytic cell that consists of a cathode with a special 

coating of nickel, an anode of nickel, and a cation exchange membrane between the two electrodes. The electrolyte 

is supplied to the anode and the tap-water to the cathode. When an electricity of 5 volts and 25 amperes is applied to 

the electrodes, the processed water is produced from the cathode. This processed water containing no detergent was 

investigated experimentally with regard to its decontamination efficiency of radionuclides and detergency of soil as 

compared to the conventional washing using detergent. It was found that the processed water from this system has 

an ability to simultaneouly remove radionuclides and soil from the cloth with good efficiency. 

 

INTRODUCTION 

 

Large amounts of working clothes, gloves, socks, and hoods used at nuclear power plants and nuclear research 

institutes are contaminated with radionuclides. Most of them are re-used after washing. The clothings contaminated 

with radionuclides are usually washed in the laundry by using tap-water and detergent. This washing process in the 

laundry produces radioactive wastes containing radionuclides, detergent, and suspended solids. The amount of the 

laundry waste is greater than that of the laundry itself (clothing to be washed). The laundry waste is decontaminated 

by evaporation, ion-exchange or reverse-osmosis and is discharged to the neighboring environment (1). However, 

the detergent in waste causes problems: for example, foaming or clogging which reduces decontamination efficiency 

of the processes. The effluent discharged after the process of radionuclide removal should also be carefully 
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controlled to minimize the possible harmful effects of detergent on the environment(2). 

 

If clothing contaminated with radionuclides and soil is decontaminated and cleaned by washing in water only, 

without using detergent, most of the problems caused by detergent could be solved naturally.  In this study we 

describe a new laundry system to wash clothes without using detergent (detergent free). It is believed that the 

detergent-free system has the capability to remove radionuclides and soil from clothes while maintaining the 

decontamination efficiency for radionuclides and the detergency for soil comparable to those of commercial systems 

that use detergents. 

 

EXPERIMENTS 

 

Materials 

 

Test Cloth Specimen 

The standard cotton fabric(3) was used to prepare the test cloth specimen artificially contaminated with 

radionuclides. Two kinds of test cloth specimens were prepared for the washing. The one measuring 7 cm in width 

and 15 cm in length was contaminated by a simulated non-active solution containing cobalt and cesium ions. 

Another one with the same dimensions was contaminated by real liquid radioactive waste obtained from the 

Radioactive Waste Treatment Facility(RWTF) at Korea Atomic Energy Research Institute (KAERI). The main 

radionuclides of the liquid radioactive waste were Cs-137 and Co-60. After contamination, they were dried naturally 

in a room for 3 days and used in the experiment. The standard artificially soiled cloth specimen was purchased from 

the Washing Science Association(Japan) and used to evaluate the detergency effects of the tap-water and commercial 

detergents, and the water from the detergent-free laundry system. 

 

Detergent-free Laundry System 

The main part of this system is an electrolytic cell that consists of a cathode with a special coating of nickel, an 

anode of nickel, and a cation exchange membrane between the two electrodes. The schematic of this system is 

shown in Fig. 1.  
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Fig. 1. Schematic of Detergent-free Laundry System 

1 : Electrolyte Reservoir             2 : Processed Water Outlet 

3 : Cathodic Flow Cell                4 : Anodic Flow Cell 

5 : Cathode                                  6 : Anode 

7 : Ion Exchange Membrane     8 : Tap Water Inlet 

9 : Power Supply 

 

The electrolyte(12 % sodium carbonate solution) is filled to the anode and the tap-water is continuously supplied to 

the cathode. When an electricity of 5 volts and 25 amperes is applied to the electrodes, a part of the water is 

electrolyzed and the processed water containing materials produced by electrolysis flow out from the cathode 

continuously. It is believed that this processed water contains some active materials effective when washing the 

laundry.  

 

Reference Materials 

Various kinds of surfactants and chelating agents were used as reference materials to investigate their 

decontamination effects on cobalt and cesium salt on the test cloth specimen. Surfactants were anionics such as 

Sodium Dodecyl Benzene Sulfonate (SDBS) and Sodium Dodecyl Sulfate(SDS), and nonionics such as NP-

33(Polyoxyethylene (9) Nonylphenyl Ether), Monopol LE1019(Polyoxyethylene (9) Lauryl Ether). Chelating agents 

were 4-Na Ethylene Diamine Tetra Acetate(4-Na EDTA) and 3-Na Citrate. The surfactants and chelating agents 

were all first grade reagents having a purity of 99%.  

The decontamination efficiency of the processed water from the detergent-free system on radionuclides and 
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detergency on soil were compared with those of some commercial detergents. An anionic detergent(A) and two 

nonionic detergents(D, F) were used as reference materials. One of the nonionic detergents(F) is known to have a 

5% chelating agent.  

 

Test Methods 

Washing of the test cloth specimens were performed by using a Terg-O-Tometer. Bath volume of the Terg-O-

Tometer was 1 L and bath ratio(weight of the bath to weight of the test cloths) was 100:1. The bath mentioned 

means the amount of aqueous solution to be used in washing. Washing was operated for 10 minutes at 150 rpm and 

25 ˚C. After washing, a sample of the aqueous solution was taken and analyzed for the concentration of nuclides to 

determine the decontamination efficiency. Decontamination efficiency is expressed as follows. 

 
                                                                                          Activity (Amount) of Nuclide in the Bath 

Decontamination Efficiency, % =    ---------------------------------------------------------------  x 100 
                                                                                      Activity (Amount) of Nuclide in the Test Cloth 
 

Detergency on soil was determined by measuring the reflectances of washed test cloths before and after removing 

test cloths from the bath, drying and ironing them. Detergency is expressed as follows.  

 
                                                                                           Rf  -  Ri 

Detergency, % =    ---------------------  x 100  
                                                                                           Ro  - Ri 
 

Where Rf is the reflectance of washed soil cloth, Ro is the reflectance of unsoiled cloth and Ri is the initial 

reflectance of soil cloth prior to washing. 

 

RESULTS AND DISCUSSION 

 

Surfactants and Chelating Agents 

 

Radioactive contaminants like cobalt and cesium are considered to exist as ionic salts on the cloth . The effect of 

surfactant on the removal of the ionic salts has not been clearly known until now. The test cloth specimen 

contaminated with simulated non-active cobalt and cesium salts was washed by aqueous solution containing 

surfactant. The results on cobalt salts are shown in Fig. 2. For all surfactants used, the decontamination efficiencies 

were not significantly changed by the increase of surfactant concentration in the range of 0 ~ 400 mg/L. The same 

tendency was observed in cesium salt and is not shown here. This means that the surfactant hardly affects the 

removal of ionic salts on the cloth.  

 

For typical chelating agents, 4-Na EDTA and 3-Na Citrate, the same experiment was performed. The results on 
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cobalt salt are also shown in Fig. 2. Unlike the case of surfactant, the decontamination efficiencies increased with 

the increase of  chelating agent concentration. This implies that the use of chelating agent may be more effective 

than the surfactant in washing of clothing contaminated with radionuclides such as cobalt and cesium. However, The 

use of chelating agent must be limited in nuclear facilities due to their migration properties in disposal.  
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Fig. 2. Decontamination Efficiency of Surfactant and Chelating Agents on Cobalt Salt 

 

Decontamination of Radionuclides by Washing 

 

The decontamination of radionuclides on test cloth was carried out by washing with tap-water containing no 

additives, the processed water from the detergent free system, the aqueous solutions containing 0.13 wt%  of 

commercial anionic detergent(A) and nonionics(D, F), respectively. The results are shown in Fig. 3. For all solutions, 

even in tap-water, the decontamination efficiencies were more than 90 %. From these results, it is confirmed that 

radionuclides on the test cloth can be decontaminated by washing without detergent. This coincides with the 

previous result that the sufactant hardly affected the removal of ionic salts (simulating radionuclides) on the cloth. 

The processed water from the detergent-free system has an ability to remove radionuclides on the clothing as good 

as the tap water and the other solutions.  
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Fig. 3.  Decontamination of Radionuclides by Washing 

 

Detergency on soil 

 

The clothing from nuclear facilities are also contaminated with soil in addition to radionuclides. Accordingly, the 

soil has also to be removed when washing. The detergentcies on soil  were measured by washing with the tap water, 

the processed water from the detergent-free system, and the aqueous solutions containing 0.13 wt% of commercial 

anionic detergent(A) and nonionics(D, F), respectively. The results are shown in Fig. 4. The detergency of the tap-

water was obviously lower than those of the other solutions. It should be noted that the detergency of the processed 

water from the detergent-free system was similar to, or better than those of the solutions containing the detergent. It 

is found that the processed water from the detergent-free system has an ability to simultaneously remove 

radionuclides and soil from the cloth with good efficiency.  
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Fig. 4. Detergentcies on Soil of the Various Washing Solutions 

 

SUMMARY 

  

In conventional washing of clothing contaminated with radionuclides and soils at nuclear facilities, detergents are 

used to remove radionuclides and soils. Treatment of the liquid laundry waste containing detergent has not been easy. 

As an alternative a method to wash the cloth contaminated with radionuclides and soil without using detergent is 

proposed and examined using a new laundry system. The main part of this system is an electrolytic cell that consists 

of a cathode with a special coating of nickel, an anode of nickel, and a caution exchange membrane between the two 

electrodes. The electrolyte(sodium carbonate solution) is supplied to the anode and the tap-water to the cathode. 

When an electricity of 5 volts and 25 amperes is applied to the electrodes, the processed water is produced from the 

cathode.  

As a result, the processed water from the detergent-free laundry system has an ability to simultaneously remove 

radionuclides and soil from the cloth. Consequently, it seems that the clothing contaminated with radionuclides and 

soils could be decontaminated and cleaned using the present system without using detergent . At present, a 

demonstration test is currently being performed to wash the clothing contaminated with radionuclides and soils by 

using this system, at R.W.T.F. of  K.A.E.R.I..  
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