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3.1 Field-Usable Portable Analyzer for 
Chlorinated Organic Compounds 

CONTRACT INFORMATION 

Contract Number DE-ACZ 1 -92MCZ9 1 18 
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(708) 357-0004 

Contractor Project Managers William J. Buttner 
William R. Penrose 
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METC Project Manager Curtis V. Nakaishi 

Period of Performance: September 30, 1992 to March 30, 1994 (Phase I) 
June 10, 1994 to January 10,1995 (Phase 11) 

Schedule and Milestones 
FY95 Program Schedule 

OBJECTIVES analyzer was planned to involve two phases. 
Completed in March 1994, Phase I involved the 

Utilizing an advanced chemical sensor development and testing of the portable chemical 
technology, a hand portable analytical instrument for analyzer and specialized samplers for the selective 
the selective detection of vapors of chlorinated measurement of the vapors of chlorinated solvents 
solvents was produced. The development and over a broad concentration range and from different 
deployment of the portable chlorinated vapor sample matrices. Specific instrument design goals 
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included I) a user-friendly, conveniently packaged 
instrument; 2) a broad dynamic range provided by 
intelligent sampler systems including direct sampling, 
autodilution, and preconcentration; and 3) an BACKGROUND INFORMATION 
analytical capability for condensed media. The 
program required the evaluation of field prototypes, Chlorinated solvents were used extensively 
testing of the external diluter sampler, the in numerous DOE and other industrial operations, 
preconcentrator, and the condensed phase sampler and now contamination of soil and ground water by 
for aqueous contamination. The integrated chlorinated solvents is a major environmental 
instrument was tested in actual hazardous waste site problem (1). Because of this, there are ongoing 
operations. This program lead directly to the environmental cleanup programs, and these 
development of a production version of the analyzer programs require the capability to identifl, detect, 
(shown in Figure 1). This instrument, the RCL and quantify these compounds wherever they are 
MONITOR, was a recipient of a 1994 R&D 100 suspected. Until recently, the only reliable means for 
Award. performing such analyses required conventional 

laboratory methods typically with a bench top gas 
Through interactions with site personnel chromatograph. However, in the past few years 

during the Phase I program, it was concluded that Field Analytical Methods (FAMs) have become 
there is no shortage of DOE applications which increasingly effective in performing chemical 
would benefit from an inexpensive and simple analyses with a higher degree of accuracy, lower 
method to measure contamination levels of a, and with higher fiequency than that achievable 
chlorinated solvents. Operationally, the applications with conventional methods (2). FAMS can 
can be categorized and described as: frequently provide more accurate results than 

conventional methods because of the problems 
associated with transporting samples containing 
volatile compounds to remote facilities, and a 
validated F A M  for chlorinated solvents would be a 
powefil analytical tool for hazardous waste site 
operations. 

benefit analysis. 

Environmental Compliance 
Health and Safety 
Clean-up Process Monitor 
Environmental Modeling 
Site C harac terization 

Initiated in June 1994, the Phase I1 program 
involves the production of full scale units and 
deployment in actual DOE operations. Sites 
selected for deployment include Hanford, Idaho 
National Engineering Laboratory, and Savannah 
River. Phase I1 applications include clean-up 
process monitoring, environmental modeling, routine 
monitoring, health and safety, and technology 
validation. The present effort not only involves the 
technical deployment of the RCL MONITOR for 
specific operations, but also close interaction with 
cognizant regulators to assure that the technology 
and methods will fulfill necessary regulatory 
requirements. Integral to the program is a cost 

To develop a viable FAM, both technical and 
administrative issues must be considered. The 
technical issues require the development of field- 
usable instrument systems that can be conveniently 
deployed for an important environmental issue. 
While the technical issues can be quite complex, the 
administrative requirements are frequently more 
formidable. The development of advanced and 
powerful technology does not necessarily result with 
its deployment and regulator acceptance. This 
acceptance can only be achieved with well-planned 
and documented work plans which demonstrate that 
the F A M  is superior to alternative methods in 
specific applications. 

-126- 



The first step in the development of a FAM 
is of course the development of viable technology, 
and in chemical analyses, the critical component is 
the detector system. In 1991, TRI developed a 
solid-state chemical sensor which has remarkable 
selectivity for chlorinated organic vapors (3). Figure 
2 illustrates the large degree of selectivity that is 
achieved with the RCL Sensor. Because of the high 
degree of selectivity for chlorinated organic 
compounds, this new sensor was called the RCL 
sensor where R refers to a general organic molecule 
and T L "  refers to the presence of chlorine. The 
analytical power of the RCL sensor was immediately 
recognized, and a prototype instrument system was 
developed and deployed at numerous government 
and industrial operations (4). 

In September of 1992, TRI received support 
from METCDOE to develop an advanced 
instrument system to h l ly  exploit the analytical 
capabilities of the RCL Sensor for DOE field 
operations. The Phase I effort resulted in the design 
and delivery of the RCL MONITOR. This unit was 
designed with DOE field operator input and is 
idealIy suited for DOE applications. Table 1 
summarizes the features of the RCL MONITOR. 
Performance of the instrument for vapor and 
condensed phase analyses compared favorably with 
CLP methods now in use. Independent cost analysis 
demonstrated that significant cost saving can be 
achieved with the RCL MONITOR for many 
applications (5). 

The focus of the current effort is to 
incorporate the RCL MONITOR into ongoing DOE 
operations and to validate the instrument in these 
operations. This work is the logical extension of the 
Phase I instrument development effort and will 
insure that field operations throughout DOE will get 
full use of the new technology. 

Table 1: Features of the RCL vapor monitor 

DESIGN FEATURE. DESCRIF'TION 

MEASUREMENT 
Discrete Direct Readout in ppm 
Continuous 
Range 

OPERAnoN 
Mod= 

Readout in ppm, easy to set up 
0 to 500 ppm, LDL=0.2 ppm 

- SURVEY (Low) 0.2 to 50 ppm - SURVEY (High) 2 to 500 ppm - MONITOR (a repetitive mode of SURVEY) 
Push button (accessible with gloved hands) User Interface 

S W P  One button operation 
TraaSpoft Handle with shoulder strap 

Basic use 
Advanced use 

MAINTENANCE 
Sensor Easily Accessible 
Internal filters Easily Accessible 

Rotocol Automated 3 point calibration 
Time 

Format 

OPERATOR SKILL 
Minimal Training (<5 minutes) 
advanced features & maintenance; 1 hour training 

CALIBRATION 

< 1 hour unattended (typically 0.5 hour) 

- Report form (Date Mode Time ppm ID#) - Raw data for advanced users 

DATA STORAGE 

F'hysical Design 
package Self Contained 
Weight 5 kg (12 pounds) 
Power Internal Battery 
Pneumatics - robust quick connects - internal zero filter - internal particulate filter 

PROJECT DESCRIPTION 
Five general applications for the RCL 

MONITOR have been identified and were described 
above. These applications serve as technical theme 
for the current effort. A set of specific technical 
tasks have been developed which will utilize the 
RCL MONITOR as a analytical tool in a critical 
existing and ongoing DOE operation. These tasks 
include: 

Routine Ouarterlv Monitoring (ROW The RQM is 
a periodic site survey and characterization for 
subsurface chlorinated solvent contamination at and 
around the radioactive waste management complex 
(RWMC) at the- Idaho Engineering Laboratory 
(INEL). Both vapor and water analyses are 
required. 

Vapor Extraction System (VES) As part of an 
expedited site response within the 200W area of 
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Hanford, VESs have been installed to remdiate 
carbon tetrachloride contamination. Continuous 

0 

monitors are needed for process monitoring and to 
assure compliance to emission standards. 

Environmental Modelling Studies mMS1 The state 
of subsurface contamination at the 200W area of 
W o r d  is not static but fluctuates in a manner that 
is not completely understood. Continuous 
monitoring for temporal characterization will 
provide the chemical database necessary to model 
these fluctuations and to exploit them as a cost- 
effective compliment to ongoing cleanup operations 
(e.g., passive emissions). 

Health and Safetv &I& S )  Assurances of a safe work 
place environment is the right of every worker, and 
while the 200W area o€Hanford has a safe work 
environment, the nature of the site activity requires 

0 

0 

0 

Accuracy of measurement as determined by 
independent method of analysis (including 
gas chromatography and field screening 
tools) 

Reliability of the instrument in terms of 
overall ease of operation and minimal 
maintenance requirements 

Ability to provide data of superior quality 
than that available fiom alternative methods. 

Cost effectiveness of the RCL MONITOR 
A cost beneh  analysis will be performed for 
each technical task. 

Implicit in the work plan is the need for 
interaction with cognizant regulators to facilitate 
formal acceptance of the RCL MONITOR. Even if 

a simple method of chemical monitoring to verify 
that vapor levels in the work zone do not exceed 

the analytical methods developed around the RCL 
MONITOR are technically validated and found to be 

regulated levels. At Hanford, the administrative 
level for carbon tetrachloride is 2 ppm. 

Environmental Technolow Demonstration ETD) 
The ETD program at the Savannah River 
Laboratory (SRL) provides an independent 
assessment of new and emerging environmental 

superior to conventional or other methods, formal 
deployment will be hindered, even prevented unless 
accepted by the cognizant regulators. At the very 
least, this will require modifications in the statement 
of work for the specific application, but fiequently, 
such modifications also require formal acceptance by 
regulators. The regulators include representatives 

technologies. The program provides not only a fiom the DOE Operations office responsible for the 
technical review to personnel throughout DOE of site, representatives fiom the local and state 
selected new technology, but also formally interacts 
with local, state, and regional regulators in the SRL, 
area. 

While specific in nature, each of these task 
serve as a detailed case study that addresses issues 
relevant throughout the DOE network. The project 
calls for the deployment of the RCL MONITOR for 
each task, and to provide the necessary technical and 
engineering support to interface the RCL 
MONITOR to the application in question. The 
technical support will be provided throughout the 
project and the performance of the RCL MONITOR 
will be continuously assessed. The criteria includes: 

environmental compliance agencies, and where 
applicable, representatives fiom the regional EPA 
office. 

RESULTS 

Field Performance 
During development, the RCL MONITOR 

was extensively field tested, and a large database 
exists on its capabilities. During these evaluations, 
the instrument was operated in actual site activity, 
including well digging, routine surveys (well head 
space, soil gas probe measurements, ground water 
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contamination levels), and other site restoration 
activity. On-site analyses were performed under 
battery power for up to 6 hours continuous 
operation. Weighing only 5 kg (about 12 pounds), 
the instrument was conveniently hand transported 
for on-site analyses. During field testing, the 
instrument was operated by both factory-trained 
personnel and by site personnel with less than 5 
minutes of training. Personnel in protective 
clothing, including chemical protection suits with 
supplied air, could easily operate the instrument. 
During this preliminary deployment, many of the 
analytic features of the RCL MONITOR were 
demonstrated. 

Comparison to other Methods Figure 3 shows a 
side by side comparison between results obtained 
fiom a gas chromatographic and the RCL 
MONITOR on actual field samples. It must be kept 
in mind that both the RCL MONITOR and the GC 
have uncertainties in their measurements. The GC 
does not necessarily provide better data; it is simply 
the method currently used. Duplicate GC analyses 
vaned by 12%. The accuracy specification RCL 
MONITOR in this concentration range is *25%; 
duplicate runs are typically within 10%. The 
discrepancies between the GC and RCL can be due 
to errors in sample collection and analytical errors. 
Being actual field samples, it is possible the sample 
could contain chlorinated vapors not detected by the 
GC under operating conditions deployed. Validation 
runs with laboratory standards demonstrated that the 
RCL MONITOR was within specification. 

Area Survev and Selectivity Figure 4 depicts 
graphically the results of a series of 5 soil gas 
measurements performed at a waste oil storage 
facility, and illustrates two important features of the 
RCL MONITOR--selectivity and rapid analytical 
capability. This particular area was contaminated 
primarily by oils which will produce large responses 
on photoionization detectors (PID), one of the most 
routinely used tools for determining the presence of 
organic vapors. However, PIDs are not selective 

nor overly sensitive to chlorinated compounds. 
Used alone, the PID would provide misleading 
information about the nature of the contamination 
and the site. Secondly, FAMs allow for the analyses 
to be performed quickly. The RCL vapor monitor 
performed soil gas analysis on 5 probes in less than 
30 minutes. This illustrates the importance of the 
selectivity of the RCL sensor and the utility of field 
rapid analysis for area survey applications. 

UnattendedOperation The MONITOR mode of the 
instrument allows for unattended operation of the 
instrUment. In MONITOR, the frequency of analysis 
can be adjusted from as fast as four analyses per 
hour to less than one analysis per day. This feature 
was evaluated using a cone penetrometer probe at 
Area 200 at Hanford. Figure 5 illustrates the 
concentration of vapors at this location measured 
during overnight monitoring. Higher vapor levels 
are measured during the day versus the 
measurements during the night, which indicates that 
the ambient temperature can have a significant effect 
on vapor levels. To observe temporal changes in 
vapor levels, such as those illustrated in Figure 5, 
continuous automatic monitoring is a requirement. 
Unattended operation is needed for many 
applications, such as process control, fbgitive 
emission, and continuous breathing zone monitoring. 

Condensed Media Sampler Chlorinated organic 
contamination occurs in aqueous and other 
condensed media. An automated condensed media 
sampler was designed which strips the volatile 
vapors in a controlled manner. The vapors are 
collected in a sample bag and then the sample bag is 
manually connected to the instrument for analysis. 
The process is quick (less than IO minutes 
sampling), sensitive (LDL of 5 ppbW CCI, aqueous 
contamination), and reproducible. Laboratory 
testing demonstrated a linear relationship exists 
between CCI, contamination level from 10 to 1000 
ppb (by weight) in an aqueous sample and the vapor 
level collected by the condensed media sampler 
(Vap0r~=O.O63Liqui&~). The proportionality 
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constant compares favorably to published Henry's the vapor portion of the RQM. A significant time 
Law constants for CCl, in water (6). The condensed and cost saving is achieved with using the RCL 
media sampler allows the direct use of the RCL MONITOR, as illustrated in the cost analyses 
MONITOR to measure aqueous level presented in Table II. Currently, the INEL Project 
contamination. Figure 6 shows actual field results Manager is interacting with cognizant regulators, 
obtained with the condensed phase sampler, along including the DOE operations office and the State of 
with the analysis by contract laboratory procedure Idaho to formdie the modification. 
(CLP method). The agreement between the two 
methods is excellent. It is important to note that VES The RCL MONITOR will be deployed on two 
there can be delays of up two weeks using the CLP of the three VESs in operation at Hanford. It will 
method for chlorinated solvent contamination in track emissions to veri@ compliance to the site 
water. The condensed phase sampler and RCL emission standards; it will track incoming vapor 
instrument provides results within 30 minutes of levels on one system; and it will monitor the vapor 
sample collection. The ability to obtain results in a levels emanating from the first of the three carbon 
timely manner allows for intelligent decision making beds'. Initial deployment into the VES is scheduled 
and potentially significant cost savings. for mid December. 

Deployment of the RCL MONITOR (Phase 11) EMS: Initial deployment of the RCL MONITORS 
The requirements for the Phase II effort is to to track well venting is scheduled for early 

deploy the RCL MONITOR in the actual DOE November 1994. 
operations described above, assess its performance 
in terms of technical capability and benefits relative H&s The RCL MONITOR is currently being used 
to alternative methods, and to develop validated by the 200 W Site Safety Officer for routine 
methods which are formally ziccepted by site measurements. Although the RCL MONITOR is 
personnel and regulators. currently being used as a supplemental tool for PIDs, 

the requirements for formal acceptance as the 
The RQM The RQM requires the collection and primary H&S tool in the 200 W area for 
analyses of 66 vapors samples from 21 wells and 6 measurement of chlorinated vapors for health and 
water samples from 6 wells. Original protocols safety applications are being formalized. 
required the collection, transport, and remote 
analyses of all samples by gas chromatography. ETD Participation in the ETD program has only 
Approximately two manweeks of effort are required 
for the vapors analyses, and an additional one to two 
manweeks for the water samples. Being performed 
four times annually, this is a labor intensive exercise 
which ties up trained personnel. 

been initiated. 

The RCL MONITOR was deployed as an 
auxiliary analytical tool for the vapor portion of the 
RQM in June of 1994, and excellent agreement has 
been obtained between the current method. Results 
are illustrated in Figure 7. Because of the 
agreement, it is being proposed that the RCL 
MONITOR be used as the baseline technology for 
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Table 2: Cost Benefit Analysis For Deploying the RCL MONITOR As The Baseline 
Analytical Tool for Vapor Analyses in the RQM 

Routine Quarterly Monitoring 
(Cost Benefit Analyses) 

VAPOR SAMPLES 
cc 

SINGLE TIME EXPENSE: 
Eqtdpmrnnt (arulyzrnn) 

C.pH.1 Equipment (pumpahampisfa) 

TOTAL 

uo.wo.00 
$1 Aoo.00 

Ul.ooo.00 

MANPOWER AEOUIREMENTS: man houra coal 
parROM perROM 

Labor (S62.50MR) 80 $0.00 

EOUPMEHT COST 
Annual Cap. Equlp Main. 

Suppika par ROM 
Equip Prap. Coat 

Bag1 

VEHICLE EXPENSE 
oat  dally fern ($Solday) 
milage (120 mhdday) 

$100.00 
is00.00 
$500.00 

$400.00 
$288.00 

C0.I  

Amrui 
$0.00 

S2.OOO.00 
$400.00 

s2.000.00 
~2.o00.00 

$1,600.00 
$1.152.00 

man bun 
par ROM 

25 

cost 
par ROM 

$0.00 

s200.00 
$100.00 

$250.00 
$100.00 
$72.00 

-1 
Annual 

to.00 

t800.00 
u00.00 

$1.000.00 
$400.00 
$288.00 

TOTAL: S1.788.00 $9.152.00 $722.00 $2.880.00 

FUTURE WORK 

The RCL instrument is a powerful tool for 
the on-site determination of chlorinated solvent 
vapors. A range of 0 to 500 ppm with a lower 
detection limit of 0.2 ppm is achieved with the 
basic instrument, and this has been extended to 
5000 ppm with fixed external 1O: l  diluters. Its 
basic performance and capability has been 
demonstrated. 

The instnunent is being proposed to be the 
primary analytical tool for the vapor portion of the 
RQM. Forma1 regulator acceptance is pending. 
Upon acceptance of the method, the focus will 
shift to developing the CPS for the RQM 

requirements. Similarly, the Site Safety Officers at 
the 200W area of Hanford rely on the RCL 
MONITOR as a H&S tool. The requirements for 
formal acceptance must be identified and address. 
This acceptance will be facilitated by the ETD 
program at SRL. 

A findmental difference exists in the 
technical reqruiements for the VES and EMS 
relative to the RQM and H&S applications. The 
instument is operated in the manual mode of 
operation for the RQM and VES, thus it is a 
simple manner to veri@ accuracy and functinality 
of the instrument by running validatons. Also, 
because the history of the site has been extensively 
characterized for both applications, operators will 
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know the approximate vapor levels which are 
expected to be encounted. The VES and EMS 
require continuous unattended operatation and it 
is expected that widely varying vapors levels are 
likely to be encounted. This puts added demands 
on the RCL MONITOR from a technical point of 
view. Some means of automated validation is 
required, and systems capable of providing 
automated validations are being designed. 

Technology Center (1993) "Evaluation of the Cost 
and Benefit of the Rare Earth Semiconductor 
Technology for Field Detection of Chlorinated 
Hydrocarbons" prepared through DOE Contract 
No. DE-AC-21-92MC2923 1, in press. 

6 .  J.M. Gossett, "Measurement of Henry's Law 
Constants for C1 and C, Chlorinated 
Hydrocarbons", Environ. Sci. Technd. 21 (1 987) 
202-208. 

The actual deployment of the instrument is key to 
our method development efforts. There is no 
substitute for success in authentic field 
requirements . The variations encountered in field 
use must be met by the instrumentation and 
sampling protocol. 
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Figure 1: The RCL MONITOR 
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Figure 2: Selectivity of the RCL Sensor. The Response of the 
RCL Sensor is highly selective to vapors of chlorinated 
solvents. No response is induced by hydrocarbons. 
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Figure 3: Comparison between analyses by the GC (-) and the 
RCL MONITOR (*) on actual field samples. Laboratory 
standards (+) verified the calibration of the RCL MONITOR 

Figure 4: Soil gas analyses from an area with high levels of 
oil contamination 

SI- h ( 6 3 0  07/22/11 
n'd.H\p I k r :  0966 07/2J/S3 

1. I. 

Figure 5: Overnight continuous measurement of subsurface 
chlorinated vapor levels using the RCL MONITOR. 
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Figure 6: Ana@& of chlorinated solvent contamination using 
the RCL MONITOR and a comparison to the results obtained 
by CLP methods. -- 

GC - RCLUOMTOR - 
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Figure 7: Side by side comparison between a GC and the 
RCL MONITOR on the vapor samples collected for the RQM 
activity for vapor levels ranging fiom 0 (no detect) to nearly 
5000 ppm. 


