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Abstract - Through the careful planning and design of laboratory facilities and 
incorporation of modem instrumentation and robotics systems, properly trained and 
competent laboratory associates can efficiently and safely handle radioactive and 
mixed waste samples. This paper addresses the potential improvements 
radiochemistry and mixed waste laboratories can achieve utilizing robotics for 
automated sample analysis. Several examples of automated systems for sample 
preparation and analysis will be discussed.

INTRODUCTION

The purpose of an automated method in a commercial laboratory is to increase the number of samples 
that can be prepared and analyzed during a given time period. In addition to the increased sample 
capacity, the system must be able to provide results equivalent to or superior to those obtained via 
manual analysis. Specifically, the automated system must perform the following:

• Improve the productivity of lab personnel involved in the analysis by allowing them to 
increase the number of samples they can process in a given time period.

• Minimize head-count increases for a given increase in productivity.

• Generate consistent, high-quality results and reports that are equivalent to or superior to those 
results obtained by the manual analysis techniques.

• Improve documentation and generate a defensible audit trail by using the automated system to 
generate hard-copy and electronic sample results.

• Reduce the need for skilled labor in the preparation and analysis of samples.
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• Decrease the time from sample receipt to reporting of the results.

• Allow laboratory to better handle peak sample loads.

• Reduce cost associated with a given method.

• Improve motivation, reduce turnover, and enhance effectiveness of valuable laboratory 
personnel.

The process of sample analysis should be diagrammed and divided into tasks. Laboratory robotics 
systems can perform such tasks as blending, aliquoting by weight or volume, sample microwave 
dissolution, sonication, extraction, concentration by evaporation, volume dilution, gel permeation 
chromatography, ion exchange chromatography, liquid-liquid extraction, and many other applications.

There are at least three robotics system types currently available for automated laboratory analysis. 
There are stand alone dedicated workstations that perform a single or limited number of tasks. 
Another robotics system utilizes a robotic "arm" to move samples or fractions between stand-alone 
work stations and analysis instrumentation. Systems with a highly maneuverable "arm" and "hand" 
may directly interact with a sample or fractions through several tasks. Some robotics utilize a linear 
track while others use a circular configuration. The laboratory space needs may drastically change 
depending on the robotics system selected for a task or operation. Special services, power supplies, 
exhaust systems, and utilities may be required.

For prescribed methods that emphasize repetition of tasks, robotics can improve safety by reducing 
human exposure to reagent chemicals, radiation, and unknown sample hazards. Quality can be 
improved through removal of human operator effect on precision and accuracy of task performance. 
Automation/robotics assures laboratory system-wide method standardization and uniform quality 
assurance documentation of process performance. Increases in productivity are assured, especially for 
labor-intensive laboratory operations or tasks.

Because initial capital investment may be high, careful cost/benefit analysis is advised. Tasks that are 
repetitive, are of high value (revenue) or cost, and are in demand should be considered first for 
robotics development. Some tasks, however, simply may not be able to justify the cost of 
development if they are technically difficult to implement or cannot be reliably performed by robotics.

Robotics systems of analysis must be compatible with the laboratory instruments and information 
systems with which they must interact. Workstations and analysis instruments within a given robotics 
setup may process samples or fractions at different rates. The central controlling computer must 
optimize the entire process by communication and control of the robot and peripherals. This also 
includes communication with a Laboratory Information Management System (LIMS) to assure an 
efficient, totally automated operation.

DISCUSSION

A number of examples can be cited to illustrate the gains in productivity and quality, which robotic 
application of a given method can yield. Unfortunately, because robotics in the radiochemistry 
laboratory is a fairly recent concept, most of the examples available are from the hazardous chemical
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or pharmaceutical industry. While not directly applicable, they do indicate the relative improvements 
that can be achieved.

The first success story to examine was reported in 1991 (Zenie 1991). Bristol-Meyers Squibb 
anticipated increasing needs for analytical assays to support their drug development programs. They 
organized for automation, established talent and equipment, and developed methods to apply robotic 
technology to the various drug testing procedures. The results were impressive as shown below:

1985 1986 1987 1988

Laboratory Staff 79 87 105 110

Total Routine Assays 35,177' ■ 51, 702 85,476 101,256

Assays per Person 445 594 814 921

During the period shown, staff actually increased an average of 12% per year, while the number of 
assays increased an average of 42% per year. In order to conduct the number of assays done in 1988 
at the pre-automation productivity of 1985, Squibb management estimated the laboratory staff in 1988 
would have totaled 225 people. Additionally, expansion of space and equipment additions would have 
been required. • . .

Another example of robotic improvements was reported by Shell Development Company (Taylor, 
Smith, and Kamla 1990). The particular method automated by Shell involved an analysis of 
UV-active components in hydrocarbon streams. Converting to the robotic method improved the 
turnaround time by a factor of five, reduced the cost by a factor of almost four, and increased the 
precision by a factor of better than three. This information is summarized below:

Manual Robotic

Time 3 Hours. 30 Minutes

Cost $250 $70

Precision 1% 0.3%

Turnaround 2 Months 2 Weeks •

A third example pertaining to the analysis of atrazine and alachlor by a USDA method has been 
reported by Koskinen et al. (Zymark Corporation 1990). They experienced improved precision and 
recovery with a substantial reduction in cost per test. The following summarizes their results:
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Method % Recovery # Samples/wk # Analyst Reg.

Manual 79 ±17% 80 2

Robotic 89 ±2% 240 1

The last non-radiological example that demonstrates the improvements in precision that can be 
obtained by an automated system pertains to biological oxygen demand (BOD) testing. The following 
table (Zymark Corporation 1991) clearly shows an increase in overall precision for a test where each 
set of standards were run four times each, twice per week, over a 10-week period.

Glucose/Glutamic Acid BOD Standard (ppm)

Manual Automated

Mean 183 209

SD 25.2 13.9

% RSD 13.7 6.7

IT Corporation has begun a robotics/automation program in its radiochemical laboratories in order to 
achieve the goals outlined in the Introduction above. One of the labor-intensive tasks in a 
radiochemistry laboratory is the dissolution of soil and sediment samples prior to analysis. This 
process involves reacting the sample with concentrated acids such as hydrofluoric acid, nitric acid, 
and hydrochloric acid. The silicate matrix of the soil must be destroyed to release potential 
contaminates. The acids are added in a prescribed order with heating to dryness over low heat. The 
process per batch may take 2 or 3 days with periodic attention from laboratory personnel on a 
24-hour basis.

A stand-alone robotics system was acquired to automate the soil dissolution process. The system has 
a multiple sample reaction vessel carousel that is manipulated by the computer controller. Acid 
additions are by computer-controlled syringe pumps. Heating is accomplished by the use of an 
open-vessel microwave unit. The robotics "arm" can remove and return reaction vessels from the 
carousel, the acid addition station, and the microwave heating unit. The advantage of the open-vessel 
system is that 1) reagents can be added automatically at any time during the dissolution process, 2) 
volatile dissolution products can be removed or refluxed by selection of the microwave power levels, 
3) excess pressure and rupture of the reaction vessel is not possible, 4) the system easily adapts to 
existing hot plate methods, and 5) dissolution time is significantly reduced due to the efficient heating 
of focused microwave energy.

Teflon® reaction vessels were selected for the soil dissolution because of the necessity of using 
hydrofluoric acid. One limitation when using Teflon® on a hot plate is that operating temperatures 
should not exceed 200°C. It is also difficult to bring the sample to dryness in Teflon vessels 
because of their insulating properties. The entire system is computer controlled. After selecting
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preprogrammed sequences and loading the carousel with samples, the operator may initiate the 
process and leave the unit unattended.

The unit is designed for bench-top operation. Venting of digestion fumes is accomplished by flexible 
ducting to existing fume hood systems. Unit cooling is by a recirculated water reservoir. 
Uninterruptible power is recommended because the unit does not retain step sequence after power 
failure.

Soil samples that conventionally take 2 or 3 days to digest have been processed by microwave 
dissolution in less than 2 hours per sample, with average tracer recoveries and relative standard 
deviations for uranium dramatically improved, as shown below.

Uranium Tracer Recoveries

Hot Plate PROLABO

X 43% 75%

% RSD 26% 9%

Laboratory control samples and blanks for the batch were within acceptable limits. It should be noted 
that if a given method is not very good to start with, robotics likely will not improve it.

CONCLUSION

It is clear that there is tremendous potential for productivity and quality improvements through the 
implementation of robotics and automation in the radiochemistry laboratory. The goal of providing 
cost-effective, high-quality data for the environmental clean-up activities under way in the United 
States must include the implementation of robotics and automation if these environmental restoration 
activities are to be successful and performed on time within budget.
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