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Integration of Sample Analysis Method (SAM) for Polychlorinated Biphenyls. 

Matthew Monagle and Robert Conrad Johnson 
Organic Analysis Group, CST-12 
Chemical Science and Technology Division 
Los Alamos National Laboratory 

Abstract: A completely integrated Sample Analysis Method (SAM) has been tested as part 

of the Contaminant Analysis Automation program. The SAM system was tested for poly- 

chlorinated biphenyl samples using five Standard Laboratory Modules m: two Soxtec 

modules, a high volume concentrator module, a generic materials handling module, and 

the gas chromatographic module. With over 300 samp/es completed within the first phase 

of the validation, recovery and precision data were comparable to manual methods. 

Based on experience derived from the first evaluation of the automated system, efforts are 

underway to improve sample recoveries and integrate a sample cleanup procedure. In 

addition, initial work in automating the extraction of semivolatile samples using this system 

will also be discussed. 

Automation has long been desired to enhance productivity in the environmental 

laboratory. As early as 1972 the Environmental Protection Agency looked to automation 

to increase productivity, enhance precision and accuracy, and reduce the cost of their 

environmental analyses'. The initial focus was on automating the production of analytical 

data. However, automated systems that can be readily coupled to multiple extraction and 

analytical processes still do not exist. This adaptability is essential for automated systems 

to be able to produce data for the wide variety of environmental analyses. 



The Department of Energy (DOE) has estimated that it will be required to 

characterize more than 3,700 contaminated sides and between 1,700 to 7,000 facilities 

before remediation and decommissioning.* These characterization demands require 

alternative technologies that are more cost-effective. As an example of this trend, the 

Organic Chemistry Group at Los Alamos National Laboratory has had an increase of over 

15% per year in the number of organic analysis performed between 1987 and 1992 (the 

last year that full statistics are a~ailable)~. In order to meet these growing analytical needs, 

the DOE, under the Robotics Technology Development Program, initiated the Contaminant 

Analysis Automation (CAA) program. 

The CAA program's primary objective is to reduce the cost of analysis while 

increasing precision and accuracy and minimizing personnel exposure to hazardous 

materials. The mechanism being used to meet this objective is the introduction of 

automation standards that allow commercially available automation, where it exists, to be 

integrated into complete analytical systems. This approach allows the user of the 

automation to build flexible systems based on individual Standard Laboratory Modulesm 

or SLMs, that can be used for a Variety of processes within the environmental 1aborator)r'. 

By providing the flexibility necessary for environmental analysis, these automated systems, 

known as Sample Analysis Methods (SAMs), enhance the attractiveness of the automation 

thereby ensuring its use within the laboratory. An additional role for the CAA program has 

been to build prototype SLMs to demonstrate the utility of this approach as well as to 

develop complete integrated analytical systems. Using these prototype SLMs, an initial 

version of an integrated SAM system was evaluated at Los Alarnos National Laboratory 
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(LANL) to demonstrate the ability such a system to process environmental samples. 

The initial demonstration at LANL was the analysis of polychlorinated biphenyls 

(PCBs) in soiis. There were three goals in demonstrating the initial version of the PCB 

SAM. The first goal was to establish that the data generated from this automated system 

is comparable to the data generated using manual methods established in SW-846. 

Second, initial information about the reliability and throughput of both individual SLMs and 

the control structure was needed to evaluate flaws in the SAM architecture. The third goal 

of the integration was to demonstrate the utility of modular validation, validation of 

individual components rather than complete systems, to demonstrate the suitability of 

individual components within the integrated system. This is a cornerstone of the CAA 

programs "plug-and-play" philosophy of automation. 

Procedure: Samples were manually prepared according to instructions set forth in Method 

3541 of EPA SW-8465. A I O  gram aliquot of the soil sample was weighed into a sample 

beaker and 10 grams of sodium sulfate was added. The two portions were mixed by hand. 

The mixed sample was poured into a pre-rinsed Whatman thimble. The sample was 

spiked with surrogate compounds and, in certain cases, a matrix spike mixture and the 

thimble placed into the automated rack. This procedure was repeated for all of the 

samples analyzed within a fixed time per i i .  Once all of the samples were in the rack, the 

rack was transported to the generic materials handling system (GMHS) in the SAM system. 

The SAM system consisted of five SLMs: two Soxtecm SLM's, one high volume 

concentrator (HVC), a generic materials handling system (GMHS), and a gas 
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chromatograph (GC). A simple graphical representation of this scheme is shown in Figure 

1 below. Samples were processed through either of the two Soxtec'sN first, followed by 

Varian GC High Volume 
Concentrator 

Soxtec 2 

3 t  2 3 

Soxtec 1 

s 
I HP ORCA robot I 

GMHS racks or 
fixed racks 

Figure 1 : Graphical representation of the SAM system 

the HVC (2) and finally through the GC (3). The entire system was controlled by a CAA 

developed Task Sequence Controller (TSC) program running on a Unix based Sun 

workstation. Samples were processed sequentially through this system under supervisory 

control of the TSC. 

Once the automated extraction process was initiated, samples were placed in 

designated slots within the SoxtecTM instruments. Samples were typically introduced into 

the system about '/2 hour apart to allow for the most efficient use of robotic resources. 

Beakers were placed within the So><tec=sm and the automated analytical procedure initiated 
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by the system controller. The Soxtecm controller then added about 70 mLs of 

acetone/hexane (1:l by volume) to each sample and the extraction was begun. At the 

completion of the extraction process, as determined by the SoxtecTM control system, the 

sample was robotically removed from the SoxtecTM and transferred to a queuing rack. 

While in the queuing rack, the robot placed a lid on the sample beaker in order to minimize 

evaporative losses. When the HVC became available, the robot removed the lid from the 

beaker in the queuing rack and inserted this beaker into the HVC. The robot also provided 

the HVC with a capped automated laboratory sample vial (ALS). The master controller 

then commanded the HVC controller to initiate this SLM process. The HVC would transfer 

the contents of the beaker into the SLM, rinse the container, and proceed to concentrate 

the sample. When concentration was complete, the one mL sample was delivered to the 

ALS vial. The robot then removed the ALS vial and placed it into another rack. When the 

gas chromatograph (GC) became available, the robot would transfer the sample to the 

autosampler on the GC and the GC data system would initiate the analysis. Analysis was 

completed using a GC with a single DB-5 column and an electron capture detector (ECD). 

When the analysis was complete, the robot removed the vial and placed it into the output 

rack. 

Results: Surrogate recoveries for the overall integration were 54% with a relative 

standard deviation of 22%. This is well within the lower control limit of 28% established 

within CST-12's PCB analytical operation. These control limits are derived from historical 

data according to the guidelines set forth in EPA SW-846 Method 8000 quality 
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assurance/quality control protocols. Average recoveries for manual extractions for this 

time period were 70% with a 25% standard deviation. 

Initial reliability of the overall SAM system was problematic. The majority of these 

problems were found to be associated with the master controller software. An alternate 

software program was then initiated to control system operations. From this point on, the 

system was more reliable. Over a four day period 52 samples were successfully 

processed out of 56 samples attempted, Overall, there were a wide variety of errors that 

occurred in the automated system. These included computer hardware failures that 

disabled SLMs, human error that resulted in a beaker being placed on top of another 

beaker, individual SLM problems such as blown fuses, and variations in thimble quality 

that resulted in the robot being unable to grasp the thimble. The most persistent problem 

identified with the complete analytical system was the failure of the GC. Initiaily, severe 

baseline noise was encountered due to contaminated gas supply lines. Once this difficulty 

was resolved, we had a great deal of difficulty maintaining the calibration of this particular 

instrument. The implications of this are discussed in more detail below. 

As noted above, the throughput over a four day period was 52 samples. Sampies 

were being processed every M hour using this system. In theory, accounting for the 2 

hours required for the first sample to come out of the Soxtecm SLM, the system should 

be able to run 44 samples in one day (22 hours X 2 samples/hour). In actuality, we found 

that the rack configurations of the fixed and GMHS racks allowed us to process a 

maximum of 30 samples per day on this system. These samples were loaded as two sets 

of 15 samples at the beginning of the day and at the beginning of the second shift. 
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Excluding the process used to clean the thimbles {see discussion below), system set-up 

required between one and one and one-half hours. Thus, up to 30 samples/day could be 

processed with approximately 3 hours of technician time required to start the two runs. 

Discussion: While the surrogate recoveries were within the control limits established for 

PCB analysis within CST-12, they are not as high as we would have expected from an 

automated system. Following the initial test run of the automated system, we have re- 

visited the potential causes of the low recoveries. We have determined that the second 

generation HVC system installed onto the automated bench had a different column and 

transfer chamber configuration than the SLM that was originally validated. Having restored 

the initial column to the second HVC unit, we are processing more samples through the 

combined Soxtec and HVC unit. This combined system is generating substantially better 

recoveries as well as improved precision data than the configuration of the HVC unit that 

was used for the initial test. This result demonstrates a key factor in the "plug-and-play" 

automation paradigm; systems should be well characterized before installation within an 

automated system. Each individual SLM must be validated for its particular role(s) prior 

to installation within a system and the SLM configuration must not change just prior to 

installation within an automated system. This will cease to be an issue when using mature, 

commercially available SLMs. 

As can be seen in Figure 2 below, the quality of the chromatographic data was less 

than desired. We determined that this was the result of several factors. First, the thimbles 

as they are received are not clean enough to be used within the system and must under- 
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go extensive cleaning. However, there is little utility in automating the anatytical process 

if the cleanup of the sample thimbles becomes the time limiting factor in the extraction 

Figure 2: Chromatogram of a one m l  blank extract spike with Aroclof 1260 without 

sample cleanup 

process. We determined that repetetive immersion of the thimbles and sodium sulfate in 

solvent substantially improved the quality of the resulting extract. Another factor 

contributing to the contaminated samples was an insoluble residue that would build up 

within the HVC SLM. This residue could be rinsed from the system prior to analysis by 

using more polar solvents ji.e. straight acetone or methanol) but this rinse could not be 

completed automatically. The HVC hardware is being revised to address this issue. 
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Based on the quality of the analytical data generated from the initial test, we have 

purchased a commercial solid phase extraction system that will be configured as an SLM 

to perform sample cleanup. Based on information from chemists at Oak Ridge National 

Laboratory, we have purchased an instrument capabie of automated mercury addition as 

well as automated FlorisiP cleanup to add flexibility to the automated system. This will 

allow the system to remove not only co-extracted interferences but also any sulfur present 

in the extract. In the interim, we are currently processing samples manually through 

FIorisiP columns. This use of this cleanup process has allowed us to reduce our method 

detection limits. An example chromatogram from this process is shown in Figure 3. 

The diverse nature of the errors identified in the initial integration of the automated 

system clearly demonstrates another key factor in the SAM paradigm. Each individual 
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Figure 3: Chromatogram of a one mL extract spiked with Aroclor 1260 foilowing 

cleanup 
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SLM must have exceptional mean-time-between-failure (MTBF) rates in order to 

succesfully complete a large number of samples. Work done within the CAA program at 

Pacific Northwest Laboratory suggests that MTBF rates must be significantly better than 

99% in order to simply complete samples in SAMs of more than two or three StMs. Again, 

as SLMs become commercially available, these failure rates should be achievable. 

An issue with the current configuration of the SAM system is what to do when the 

analytical instrument does not work. With the entire automated system enclosed within 

the bench, access to the instrument for repairs is denied during the automated process. 

If the GC does not work, the operator of the system cannot access the instrument to repair 
- 

it. Herin lies the dilemma: take time to repair the instrument and leave the extraction 

process idle; or leave the instrument idle to allow the extraction process to proceed. Either 

answer results in idle capital equipment. The simplest solution to this dilemma is to move 

the GC system off-line so its only link with the automated extraction system is electronic. 

fn discussions with fellow analytical chemists here at LANL, this was the preferred 

approach. This approach also allows more analytical flexibility since any number of 

sample outputs can be placed in racks destined for different analytical techniques. 

Conclusion: An integrated SAM system was run at Los Alamos National Laboratory to 

demonstrate the capability of a modular systems to do automated environmental analysis. 

initial surrogate recoveries averaged 54% but recent changes to the system have resulted 

in recoveries over 80%. Additional information was gathered on the reliability of the 

system as well as the throughput capability of the system. Problems with individual pieces 
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of hardware as well as the SAM paradigm as a whole were also identified. We are 

currently working to resolve these problems and expand the scope of analyses possible 

with this system. Plans are currently being made to install the SAM system as well as a 

sub-set of the SAM system in an environmental laboratory outside of LANL. 

This work has been funded through the Department of Energy under TTPs AL138101 and 
AL15C131. We gratefully acknowledge the continued support of Dr. Linton W. Yarbrough 
ana Mike Carter. 
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