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The U.S. Department of Energy (DOE) will require a large number of waste characterizations 
over a multi-year period to accomplish the Department's goals in environmental restoration and waste 
management. Estimates vary, but two million analyses annually are expected. The waste generated 
by the analytical procedures used for characterizations is a significant source of new DOE waste. 
Success in reducing the volume of secondary waste and the costs of handling this waste would 
significantly decrease the overall cost of this DOE program. We have chosen to review the analytical 
procedures in three areas -- sample injection for inorganic analysis, dissolution of waste samples for 
radiochemical analysis, and sample preparation for analysis of organic constituents. 

With the promulgation of SW-846 Update 11, many of the regulated elements present in 
environmental and waste samples may be determined by using inductively coupled plasma (ICP) 
atomic emission spectroscopy, ICP-mass spectrometry (ICP-MS), or a combination thereof. Although 
these measurement techniques are often capable of achieving instrument detection limits of 
micrograms per liter or better, normal ICP sample introduction -- continuous pneumatic nebulization 
(CPN) of a sample solution -- utilizes only 1 to 10% of the sample uptake. The remaining portion 
of the consumed sample goes directly to laboratory waste, thereby creating a secondary waste stream 
that would be considered corrosive by standards in the Resource Conservation and Recovery Act, 
and could also be toxic or mixed radioactive waste. We compared analytical figures of merit for 
solution analyses using direct injection nebulization (DIN) in combination with flow injection (FI) 
and CPN. The instrumental detection limits achieved with each system were quite similar. Use of 
FI reduced sample rinseout times, leading to a reduction of 50% in waste volume. Our data suggest 
that significant reductions in waste volume and analysis time can be realized with little or no 
compromise in analytical figures of merit, when FI-DIN is used in place of CPN for ICP-MS 
analyses. These results should also be directly applicable to ICP atomic emission spectroscopy. 

Dissolution is a vital aspect of sample preparation for environmental radiochemical analyses 
of soils. The traditional laboratory techniques of high-temperature fbsion and prolonged acid 
digestion are time consuming and generate large quantities of secondary wastes and fume hood 
emissions. Using microwave technology incorporating closed vessels that can withstand pressures 
up to 10 MPa (1 500 psi), we have achieved shorter processing times and reliable sample digestion 
while dramatically reducing secondary wastes. We used gross alp measurements to compare the 
performance of a high-pressure microwave system and a traditional procedure for sample preparation 
that uses a hot plate for digestion by repetitive acid treatment. A variety of soil types of potential 
interest to DOE were selected for testing, including a National Institute of Standards and Technology 
reference soil from the Rocky Flats Plant and several environmental and contaminated soils from 
selected DOE sites. No statistical differences at the 95% confidence interval exist between the 
measurements on samples prepared from the hot plate and microwave digestion procedures for these 



soils. In comparison to the traditional hot plate method, the acid volumes required for the microwave 
procedure are a factor of 20 lower, the analyst time for sample processing is a factor of 2.5 lower, and 
the sample turnaround time is a factor of 16 lower. Because reactivity increases as pressure increases, 
these high-pressure microwave systems may make it possible to use alternative, nonhazardous 
solvents to leach certain contaminants from soils for analysis. We have also investigated replacing 
strong, corrosive acids with milder, nonhazardous complexing agents for removing plutonium from 
soils. These complexing agents have been successful for the extraction of plutonium, but they fail 
to totally break down the sample matrix and, therefore, are not applicable to matrix constituents such 
as U and Th. 

Standard EPA methods for the extraction and analysis of semivolatile organic compounds 
(SVOCs) in soil and solid waste samples typically use over 300 mL of hazardous solvents, such as 
methylene chloride. We have studied the extraction of SVOCs from soil, sediment, and sludge 
samples using SW-846 Method 8270B for measurement and the microwave-assisted extraction 
(MAE) technique for preparation of samples. In most cases, MAE results compare favorably with 
the conventional extraction techniques while simultaneously allowing for a reduction in solvent usage 
to 30 mL. To test the extraction of all Method 8270B SVOCs, these materials were spiked onto a 
blank soil and extracted at various temperatures using three solvent mixtures. With the spiked 
samples, no obvious trends with temperature up to 120°C were seen in extraction recoveries. No 
dependence of recoveries on the microwave power setting was observed. Sample water content 
tended to decrease extraction efficiency for the acetone-containing solvents while increasing the 
extraction of polar compounds with methylene chloride. The MAE extractions were carried out on 
a standard soil from a Superfund site that contains 15 certified compounds. Extraction times up to 
40 minutes and temperatures of up to 120°C were tested -- an optimum was found at 20 minutes and 
120°C. Under these conditions, the average percent recovery for the certified compounds in the 
reference material is about 100% of the certified values with methylene chloride, methylene 
chloride:acetone, and hexane:acetone solvents. 

In conclusion, we have investigated alternative methods for sample preparation and analysis 
that minimize the production of secondary wastes. Our work has demonstrated that flow injection 
coupled with direct injection nebulization is less wasteful than conventional sample introduction 
techniques, yet critical analytical figures of merit (precision, accuracy) are uncompromised. 
Significant reductions in waste volume from radiological analysis have been achieved by preparing 
samples with a high-pressure microwave system. In addition, we have demonstrated that alternative, 
non-toxic solvents can be used for radiological analyses without compromising extraction efficiency. 
Recoveries of semivolatile organic compounds from soil, sediment, and sludge using microwave- 
assisted extraction compare well with those using traditional extraction techniques. Solvent usage 
and, thus, waste produced are decreased by an order of magnitude with microwave-assisted 
extraction. 
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