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SUMMARY 

We developed a method to separate anion complexes of radioactive 
sulfur, iodine, and phosphorus to enable determination by 
radiochemical techniques. This method involves ion chromatographic 
separation of the anion complexes from other highly emitting 
radioactive species such as cesium-137 and strontium-90 which 
interfere with radiochemical analysis. We essentially use the ion ' 

chromatograph as a sample pretreatment method. The samples are 
injected onto a cation exchange column which allows the anions to 
pass through while retaining the positively charged species. If more 
than one negatively charged radioisotope is present, the sample is 
injected onto an anion exchange column and the individual anions 
separated from each other as well as from the cations. These anions 
are collected in the column effluent and measured by nuclear 
counting methods. 

The method was developed to enable measurement of trace 
radionuclides in radioactive waste and in environmental samples. 
Trace radionuclides which are present in concentrations of only a few 
hundred disintegrations per rninute per milliliter can be separated 
and then analyzed using liquid scintillation countjng analysis. This 
paper establishes the separation and collection protocol, collection 
efficiencies for sulfur, iodine, and phosphorus, and overall 
efficiencies and detection limits for the separation and subsequent 
radiochemical analysis. 
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INTRODUCTION 

Our laboratory provides analytical support for many different types 
of research programs within SRTC and throughout the Savannah 
River Site. A wide variety of sample types including ground water, 
organics, laboratory waste, process control, sludge, soils, and others 
are received for many Werent analyses. These samples are both 
radioactive and non-radioactive and may contain hazardous 
materials such as RCRA metals, organics, and flammable solvents. 
Often these analyses involve measurement of trace constituents in 
the presence of higher concentrations of interfering species. This is 
especially cornmon when measuring trace radionuclides due to the 
high concentration of radioactive cesium and strontium isotopes. 

We have developed a method for analysis of low levels of radioactive 
phosphorus, sulfur, and iodine in the waste and environmental 
samples. This method involves ion chromatographic separation of 
isotopes from radioactive cesium and strontium isotopes by passage 
through a cation exchange column. The cesium and strontium 
(cations) are retained by the colurnn while the iodine, sulfur, and 
phosphorus, present as anion complexes, pass through unretained. 
The radionuclides of the separated species are then analyzed using 
liquid scintillation counting and gamma spectroscopy. 

Currently available methods for determination of low-level 
radionuclides involve chemical separation of each element 
individually and subsequent radioisotope analysis using nuclear 
counting techniques. The ion chromatographic method separates all 
of the elements simultaneously including ones which cannot be 
determined using existing wet chemical methods. This decreases the 
length of time required for analysis and the amount of waste 
generated, as well as limiting personnel radiation and chemical 
exposure. 

DISCUSSION 

Separation of Interfering Species 
Samples which contain many different species present in widely 
differing concentrations are particularly difficult to analyze. As 
stated earlier, this chromatographic method was developed to be 
used in the analysis of low levels of radioactive iodine, phosphorus, 
and sulfur in the presence of high levels of radioactive cesium and 
strontium. Cs-137 and Sr-90 activity mask the signal fkom'these 



WSRC-MS-9 6-0 15 1 

isotopes thus preventing their detection and quantitation. Qualitative 
identification of the separated isotopes was done by liquid 
scintillation counting. Standards and spikes samples were run to 
determine collection efficiency, counting efficiency, and overall 
recovery of radioisotopes. After the chromatographic separation was 
complete, the column was flushed with concentrated eluent to 
remove any remaining species which may have been retained by the 
column. This wash was counted by LSC and no radionuclides were 
found. 

Problems and Interferences 
The major difficulty encountered with this analysis is the nature of 
the waste samples themselves. High level nuclear waste contajns 
many cationic and anionic species at widely differing concentration 
levels including chemicals from plant separation processes, 
laboratory waste, fission products, neutron activation products, 
uranium, plutonium, and other actinides. Environmental samples 
often contain high levels of nitrates and chlorides. The high 
concentrations of individual anions and cations prevent the trace 
constituents from completely interacting with the column stationary 
phase and thus inhibit separation into discreet fractions. To 
counteract this effect, nonradioactive carriers (10 mL of the 1000 
ppm standards of stable elemental isotopes per 1 mL of sample) 
were added to the samples. This enabled the trace constituents to 
more effectively compete with the column surface and separate 
effectively. 

For radionuclide analysis, ion chromatography was used only to 
separate the cations into discreet fraction for subsequent analysis by 
liquid scintillation counting and gamma spectroscopy. The ions were 
collected in 1 mL fractions. Since only a 50 mL sample volume had 
been injected onto the column, this represented a 20 fold dilution 
which prevented detection of most of the trace constituents. To 
compensate for this, the injection valve was replumbed with a 500 
mL injection loop, thus increasing the amount of sample injected onto 
the column and then recovered by ten-fold. Comparison of 
chromatographic runs using l-ppm nonradioactive standard 
solutions showed no effect in precision of accuracy of the data or the 
effectiveness of the separation. 
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CONCLUSION 

We have developed a method which can separate low levels of 
radioactive anions from high levels of radioactive cations which 
would prohibit their analysis. The method can be used for both 
environmental and waste samples which are very difficult to analyze 
because of the wide variety of species found in them in varying 
concentrations. As with any chromatographic separation, high 
concentrations of elements in the sample will saturate the column 
stationary phase and must be removed from the sample prior to 
analysis. This method appears applicable to the analysis of trace 
radionuclides which can be separated and analyzed using liquid 
scintillation counting and gamma counting. 


