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RAPID ANALYSIS OF MIXED WASTE SAMPLES VIA THE OPTICAL

EMISSION FROM LASER INITIATED MICROPLASMAS

J.E. BAREFIELD II, M.D. FERRAN I, AND D.A. CREMERS

Chemical and Laser Sciences Division

Los Alamos National Laboratory

Los Alamos, New Mexico 87545

Abstract

Wavelength resolved optical emission from laser

initiated microplasmas in samples containing Pu, Am, Pb, Cr,

and Be was used to determine elemental compositions.

Traditionally, samples of this type are analyzed by neutron

activation, X-ray fluorescence, atomic absorption (AA),

inductively coupled plasma - atomic emission spectroscopy

(ICP-AES), and inductively coupled plasma mass spectroscopy

(ICP-MS). Analysis via the traditional analytical

spectroscopic techniques involves extensive sample

separation and preparation which results in the generation



of significant quantities of additional waste. In the laser

based method, little to no sample preparation is required.

The method is essentially waste free since only a few

micrograms of material is removed from the sample in the

generation of the microplasma. Detection limits of the laser

based method typically range between subppm to tens of ppm.

In this report, the optical emission from samples containing

Pu, Am, Pb, Cr, and Be will be discussed. We will also

discuss the essential elements of the analysis method.

1 Nuclear Materials Division



INTRODUCTION

Traditionally, the elemental analysis of mixed waste

containing radioactive and other environmental sensitive

elements (for example Pb, Cr, and Be ) is obtained using

AA 3 andICP-AES I'2, neutron activation, x-ray fluorescence,

ICP-MS 4. Such methods can involve extensive sample

separation and preparation. A considerable amount of the

analysis time is devoted to selecting the proper dissolution

matrix or sample form. Thus in many cases, significant

quantities of additional waste is generated. The analysis of

mixed waste using the techniques listed above typically take

a minimum of hours and in many cases days or weeks.

In the laser based method, short pulses from a laser

are focused onto the surface of a sample where a microplasma

is generated . The optical emission from the microplasma is

then collected and analyzed to determine elemental

composition. This method is commonly referred to as laser

induced breakdown spectroscopy or LIBS here at Los Alamos.

Again, little to no sample separation or preparation is

required. In the generation of the microplasma, only a few

micrograms of material is removed from the sample. Therefore

very little to no waste is generated using this method.

However, for quantitative measurements calibration standards

must be prepared. Once good calibration standards and curves
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have been obtained, quantitative analysis of samples of

interest can be performed with little to no further sample

preparation. The analysis times of the laser method are on

the order of a few minutes.

Although all of the elements in the sample are excited

at the same time, spectral discrimination is accomplished

via temporal and wavelength dispersive methods . Again, the

microplasma is generated via excitation from short laser

pulses (i0 nanoseconds). By varying the time between when

the plasma is created and the optical emission is observed,

one can essentially control the population of states for an

element or a group of elements. Initially, when the plasma

is created the population of states is a maximum and the

observed optical emission is a white light continuum 5. This

emission result from the decay of the population of high

ionic and neutral states from the elements in the sample. As

the observation time is delayed relative to the initial time

when the plasma was created, the population of states

decreases and atomic line type optical emission is observed.

For delay times of a few nanoseconds to microseconds, the

emission is essentially dominated by emission from ionic

states. At longer delay times (tens of microseconds),

neutral emission tends to dominate.

In this report, we will discuss the LIBS technique,

results from samples containing Pu, Am, Ph, Cr, and Be., and

applications of the technique to remote monitoring of

environmental sensitive areas.
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EXPERIMENTAL

A schematic of a typical LIBS apparatus is shown in

Figure i. In this diagram, the output from a Nd:Yag laser is

focused onto the surface of a sample where a microplasma is

generated. The laser operates at 1064 nanometers and the

pulse length is 7 - i0 nanoseconds. Depending upon the

coupling of the laser light to the sample i0 to several

hundred mj of excitation energy is used to generate the

microplasma. The emission from the plasma is then collected

and imaged onto the slit of the monochromator. We used a 1/3

or 1/2 meter monochromator for the measurements discussed in

this report. The wavelength resolved emission from the

monochromator is detected with a Tracor Northern or

Princeton Instruments 1024 element linear diode array

detector. Temporal resolution of the emission from the

plasma is accomplished by gating the diode array detectors.

RESULTS AND DISCUSSION

The atomic emission spectra of plutonium and americium

contains many lines due to the complicated electronic

structure of the respective atoms 6,7. Again, the microplasma

5



created on the surface of the plasma is generated by a short

pulse laser ( approximately i0 nanoseconds). The optical

emission from the respective elements in the sample is

therefore transient in nature. Initially, many ionic states

and high excited states of the elements in the sample are

excited. Therefore, if one chooses to observe the plasma

with zero delay, only a structureless white light or a

background continuum is observed. As the delay time is

increased, atomic like line emission is observed. Typically,

for delay times of a few microseconds atomic ionic type

emission is observed. At longer delay times ( tens of

microseconds), atomic neutral type emission is observed 8.

The atomic emission spectra of a sample containing

plutonium in a NaCI/KCl salt matrix is shown in Figure 2.

The delay time for this spectrum was 0.7 microseconds . The

emission at this point is primarily ionic. By changing the

delay to 1.7 microseconds, the spectrum shown in Figure 3 is

observed. The spectrum shown in Figure 3 is considerably

less congested and the background continuum emission has

been reduced by approximately a factor of 4. In this way one

can use the transient nature of the technique to achieve a

desired level of spectral discrimination. The spectra shown

in Figures 2 and 3 were recorded on a 1/2 meter

monochromator. Spectral discrimination can also be improved

by using a longer path length monochromator. We have

installed a 1.26 meter monochromator in our LIBS apparatus

and is in the process of testing it. The atomic emission
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spectrum of a sample containing americium oxide is shown in

Figure 4. Again, the delay time was 0.7 microseconds and the

data was recorded on a 1/2 meter monochromator.

Preliminary assignments for several ionic emission

lines for plutonium and americium have been made and are

shown in Table i. The data from Fred et. al 7 and J R

Reader et. al 9 ( National Standard Reference Data) were used

to make the assignments• We have not determined the

detection limits for plutonium and americium but the

detection limit for uranium in solution has been measured by

Wachter and Cremers here at Los Alamos I0. The detection

limit for uranium in 4 molar nitric acid was 0.i g/L. We

expect that the detection limits for plutonium and americium

in solution to be similar• The detection limits for

plutonium and americium in solids ( soils, alkali salts, and

other solid waste forms) and liquids ( acid solutions,

water, other radioactive waste streams at Los Alamos) will

be determined•

Atomic emission spectra for Cr in soil and a sample

containing Be are shown in Figures 5 and 6 respectively•

Recently, Han and Cremers have completed a study using the

LIBS technique to measure the concentration of Cr, Pb, and

Be in soil samples II. Detection limits of 2 ppm for Cr and

Pb and 0.i ppm for Be was determined.

Recently, we have combined the LIBS technique with

fiber optic technology to enhance remote monitoring of the

elemental composition of samples in harsh environments such

7
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as waste tanks, gloveboxes for handling radioactive samples,

and soil samples above and below ground. Fiber optic

technology has progressed to the point now where high power

(megawatt) short pulse laser beams ( pulse lengths of pico-

and nanoseconds) can be transported through fiber optic

cables with little loss of power. Transmission efficiencies

greater than 99.99 % per meter have been achieved. We have

been investigating the use of a 1.5 mm fiber optic cable for

remote elemental analysis of samples in harsh environments.

A schematic of a fiber optic coupled LIBS system that we

have been testing is shown in Figure 7. The essential

components of this system are the same as those shown in

Figure i. The difference is the method by which the laser

beam is transported to the sample and the emission from the

sample is collected and imaged onto the slit of the

monochromator. In this apparatus, the excitation laser is

coupled into the fiber optic cable by a telescope . The

excitation energy is then coupled onto the sample by an

output telescope. The emission from the plasma is then re-

imaged back down the optical fiber to a beam splitter where

it is reflected and collected by a lens and a fiber optic

bundle. The output from the fiber optic bundle is imaged

onto the slit of the monochromator. We have tested fiber

optic cables up to 5 meters in length. However, in principle

fiber optic cables of many meters can be used. Collection of

the emission from laser generated plasmas has been reported

in the past 12.
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CONCLUSIONS

The LIBS technique can be used to measure the elemental

composition of samples from a wide range of matrix forms.

The waste forms investigated include mixed waste,

contaminated soils, alkali salts, and acid solutions.

However, samples of solids, liquids , and gases can be

analyzed using this technique. Typical detection limits

range between a few to hundreds of ppm and depend upon the

sample and experimental conditions. Compared to traditional

analytical analysis techniques mentioned above, this

technique can be operated in real to near real time. That is

, the analysis can be performed in a few minutes. Since only

a few micrograms of material is removed per laser pulse,

analysis via the LIBS technique generates little to no

waste. Instruments based upon this technique can be made

small and portable which allow field characterization and

environmental site remediation efforts to be monitored in

real time. Finally, coupling the LIBS technique with fiber

optic cables allow the full potential of remote monitoring

of samples to be exploited. Thus remote monitoring of mixed

waste samples and samples in harsh environments can be

obtained.
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