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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government, nor any agency thereof, nor any of
their employees makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report is available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161; phone orders accepted
at (703) 487-4650.

EERC DISCLAIMER

LEGAL NOTICE This research report was prepared by the Energy & Environmental
Research Center (EERC), an agency of the University of North Dakota, as an account of work
sponsored by the U.S. Department of Energy. Because of the research nature of the work
performed, neither the EERC nor any of its employees makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement or recommendation by the EERC.
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REAL-TIME IN SITU DETECTION OF ORGANIC CONTAMINANTS BY
LASER-INDUCED FLUORESCENCE SYSTEM

EXECUTIVE SUMMARY

The ability of a truck mounted laser-induced fluorescence (LIF) sensor to detect polycyclic
aromatic hydrocarbons (PAHs) in contaminated soils was demonstrated at a well-characterized,
active Superfund site in St. Louis Park, Minnesota. LIF imaging is an optical technique in which
the fluorescence of compounds irradiated by a laser is measured. LIF can be used to detect either
subsurface petroleum hydrocarbons or uranium and provides a method to rapidly survey a site.
Various versions of LIF systems have been tested, including hand-held, airborne, and cone
penetrometer-mounted systems. The technology used for this demonstration was provided by
Dakota Technologies, Inc. (DTI), of Fargo, North Dakota, and was deployed in a percussion soil
probing device mounted on a light truck. The weight of the truck including the LIF equipment
was 12,500 lb.

 The Superfund site, Number 980609804, was contaminated with coal tars, creosote, and
carcinogenic PAHs. Ten 10-ft-deep soil penetrations were made, each requiring approximately 20
to 25 min to complete LIF measurements and grout. The resulting fluorescence intensity profiles
permitted delineation of the interface between the 5- to 8-ft-thick uncontaminated fill and the
underlying PAH-contaminated materials. The LIF-generated data were compared with laboratory
soil analysis at selected locations. It was shown that LIF is not capable of detailed hydrocarbon
speciation, but the results indicated a correspondence of high total PAH concentrations with
peaks on the fluorescence intensity record. In addition, LIF-generated continuous profiles
illustrated PAH distribution better than laboratory analysis that represented a wider sampling
interval.

Based on information provided by DTI, 300 ft of pushes can be advanced per day under
normal conditions. The estimated cost per foot of measured and recorded soil profile ranges from
about $8/ft to $18/ft including grouting. These estimates do not include permit fees, health plan
development costs, or mobilization/demobilization costs, which vary with each location. DTI’s
LIF sensor costs compare favorably to costs for conventional drilling, sampling, and analyses
(which range from $50/ft to $100/ft) as well as the costs for the U.S. Navy’s LIF sensor
technology ($12/ft to $20/ft).

The results of the field demonstration showed that the field-deployed LIF method can
provide information on hot spots and contaminant plume geometry in real time, to guide the
sampling effort and enable accurate placement and construction of monitoring wells. Minimal
wastes are generated and worker exposure to potentially hazardous materials is substantially less
than during conventional drilling and sampling activities. The LIF technology can be easily
deployed in various settings and has the ability to provide quality screening-level data in a timely,
cost-effective, and environmentally acceptable manner.
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Figure 1. Site location.

REAL-TIME IN SITU DETECTION OF ORGANIC CONTAMINANTS BY
LASER-INDUCED FLUORESCENCE SYSTEM

1.0 INTRODUCTION AND BACKGROUND

This report summarizes the results of the field demonstration of a laser-induced
fluorescence (LIF) method for characterization of brownfields and other contaminated sites. The
technology was provided and demonstrated by Dakota Technologies, Inc. (DTI), of Fargo, North
Dakota. LIF generates continuous data on the distribution of polycyclic aromatic hydrocarbons
(PAHs) within the soil profile. The sensor used to record real-time data is deployed into the soil
using a modified truck-mounted Geoprobe percussion soil probing device. The summary of
observations described in the following text represents an independent evaluation of the
performance, usefulness, and economics of the demonstrated technology for characterization at
PAH-contaminated sites.

The LIF technology was tested and evaluated at a well-characterized, active Superfund site
located in St. Louis Park, Minnesota. The site location is shown in Figure 1. Wastes (including
carcinogenic PAHs) from Reilly Tar & Chemical Corporation were originally disposed on the site
and discharged to an adjacent wetland. In accordance with the Consent Decree for the Reilly Site,
the City began to fill the property with clean soil in 1985. The results of the site characterization
conducted by ENSR indicate that the site is currently covered by up to 12 ft of clean fill. The
underlying bog area is impacted as deep as 65 ft by coal tars, creosote, and petroleum chemicals.
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2.0 TECHNOLOGY DESCRIPTION

Laser-induced fluorescence imaging (LIFI) is an optical technique in which the fluorescence
of compounds irradiated by a laser is measured. The system uses a pulsed excimer laser with a
light wavelength of 308 nanometers. LIFI, which can be used to detect either subsurface
petroleum hydrocarbons or uranium, provides a method to rapidly survey a site. It can be used to
identify contaminant “hot spots,” assist in waste cleanup activities, and monitor remedial progress,
but is not sufficiently developed to permit accurate contaminant quantitation. Various versions of
LIFI systems have been tested, including hand-held, airborne, and direct push technology systems.
The LIF sensor discussed in this report was deployed in a percussion soil probing device.

The LIF sensor used a wavelength-tunable ultraviolet laser source to induce a fluorescence
response in the petroleum hydrocarbons. Measurement of the fluorescence was made through a
sapphire window on a probe that was pushed into the ground using a percussion soil probing
device. Feedback was applied to the hydraulics of the percussion hammer to emulate an ASTM
penetration rate of 2 cm/sec for cone penetrometers. Optical fibers integrated with the
geotechnical probe and cone penetrometer umbilical carried the fluorescence measurement to the
optical detector located in the truck (EPA, 1997a).

3. 0 FIELD DEMONSTRATION

The major objectives of the field demonstration were to 1) verify the technology
performance at a well-characterized contaminated site and 2) evaluate the technology’s baseline
economics. The demonstration was conducted by DTI on December 1, 1998, and was monitored
by the Energy & Environmental Research Center (EERC), the lead environmental consulting firm
for the site; ENSR; and the Minnesota Pollution Control Agency (MPCA). DTI operators drilled
and recorded information on PAH distribution in the soil at ten different locations on the south
end of the site, as shown in Figure 2. Five of the soil profiles, SLP–1 through SLP–5, were
located so as to provide supplemental PAH distribution information in a W–E cross section
between ENSR borings. The remaining five borings were located where ENSR had previously
documented and analyzed soil cores. These preexisting analytical data were compared to the LIF
demonstration results since a limited budget precluded laboratory analyses during this project. The
tenth hole was located in an uncontaminated area so as to gather background contamination data.
The soil profiles were analyzed to a depth of 10 ft. In general, material identified as coal tar-
related PAHs were detected at depths starting from 5 to 8 ft below the surface. Following the
measurements, all of the 1-in.-diameter borings were plugged with Volclay Grout II in compliance
with Minnesota environmental standards.
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Figure 2. Location of test borings.

4.0 RESULTS

4.1 Performance Evaluation

Soil profile measurements from SLP–1 through SLP–5 are provided in Appendix A. The
resulting profiles, when aligned in a cross section as shown in Figure 3, demonstrate that two-
and three-dimensional models of the site contamination can be easily derived from the LIF
method. The response for the 5- to 8-ft-thick uncontaminated fill contrasts with the fluorescence
noted for PAH-contaminated underlying materials. Generation of a plot and grouting the borehole
took DTI operators approximately 20 to 25 min. The shape of the curve representing fluorescence
intensity shows clearly defined zones that are enriched with PAHs. The selected peaks, or data
points on the curve, can be further analyzed and their waveforms compared to “calibration”
graphs. This is shown in Appendix B. The calibration or reference samples are prepared from soil
materials that have been saturated with specific fuels to illustrate the difference between the
corresponding waveforms or “fingerprints” and the false color presentation. The false color
coding of the generated graphical profiles does not pertain to response intensity; however, the
shape of either calibration curves or curves derived from soils saturated with diesel fuels typically
are different waveforms with a much stronger signal than, for example, creosote.

Demonstration Borings SLP–6 through SLP–10 were placed at the locations of ENSR
Boreholes B250, D300, E200, C200, and F250, as shown in Figure 2. LIF profiles, soil logs, and
relevant laboratory analyses for these boreholes are provided in Appendix C.
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Figure 3. Cross-Sections SLP – 1–6.
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Comparison between the LIF and the analytical data indicate that high total PAH
concentrations corresponded well with peaks on fluorescence intensity record. Although not
quantitative, the LIF-generated continuous profiles illustrated PAH distribution much better than
one laboratory analysis that typically represents a specific 2- to 3-ft-long interval.

A detailed evaluation of soil parameters with respect to their influence on fluorescence
measurements was beyond the scope of this project. It is reasonable, however, to expect that a
higher fluorescence intensity would be associated with more permeable soils that had been
exposed to PAHs for a prolonged period of time so as to become fully saturated.

The primary application of the demonstrated LIF system is as a screening-level
investigation. Analysis by standard laboratory techniques of site-specific soil samples could be
used for LIF sensor calibration immediately prior to field detection. Such calibration could
enhance the semiquantitative capabilities of the demonstrated technology.

The detailed, real-time data regarding the nature and occurrence of subsurface
contamination provided by the Geoprobe-mounted LIF would result in optimizing the
characterization and monitoring activities at brownfield sites. In particular, application of the LIF
technology to a brownfield site can be used to guide the collection of soil samples to be analyzed
for compliance purposes and the placement of monitoring wells. The data generated by the LIF
may also be used to design more effective and efficient remediation strategies by allowing
designers to target very specific, well-defined zones of contamination.

4.2 Limits of the Technology

Site accessibility is naturally limited by the size and weight of the truck carrying the cone
penetrometer and LIF equipment. For this demonstration, all of the equipment, including a Ford
four-wheel drive truck as demonstrated by DTI, weighed 12,500 lb (6.25 tons/5.7 metric tonnes).
This specific configuration is significantly more mobile and flexible than heavier drilling
equipment.

Applicability of LIF to a given site depends in large part on the cone penetrometer probe’s
ability to penetrate various materials. The presence of gravel, boulders, cobbles, cementitious
materials, and various buried debris, bricks, concrete blocks, etc., in fill materials can severely
limit the use of a penetrometer. As is the case with other intrusive characterization methods, it is
important to delineate all underground utilities and structures prior to initiating screening
activities on site.

Fluorescence intensity readings are affected by different LIF response to various petroleum
hydrocarbons, sensitivity to variations in the soil matrix, and spectral overlap in complex samples.
Aliphatic hydrocarbons, single-ring aromatics, and most two-ring PAHs do not contribute to the
LIF signal. The fluorescence properties of a hydrocarbon mixture may also change as a result of
changed chemical composition due to weathering, biodegradation, and volatilization after long-
term exposure to and interaction with the environment (EPA, 1997b). Soil matrix properties that
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affect LIF sensitivity include soil grain size, mineralogy, moisture content, and surface area.
Details of these factors are provided in the cited EPA document.

4.3 Cost Evaluation and Other Considerations

The following costs provided by DTI are based on an 8-hr day. Typical production per day
is 200–300 ft of measured soil profile in Minnesota and 300–500 ft in North Dakota. The
differences are due to state grouting regulations. Costs are as follows:

Mobilization fee (includes two people) $2.50/mile
Per diem (Minnesota, two people) $258/day
LIF Fee (operator and LIF equipment) $1500/day
Geoprobe (probe operator and equipment) $1500/day
Grouting ($2.00/ft in MN, $1.10/ft in ND) $600/day

TOTAL $3858/day plus mobilization fee

Under normal conditions, 300 ft of pushes can be easily advanced per day. The estimated
cost per foot of measured and recorded soil profile ranges from about $8/ft (in North Dakota) to
$18/ft (in Minnesota), including grouting. These estimates do not include costs for permit fees,
health plan development, and mobilization/demobilization costs which vary with each location.
These costs compare favorably to conventional drilling, which ranges from $15/ft to $20/ft for
drilling and installation of monitoring wells and between $50/ft and $100/ft for drilling and site
characterization sampling. In addition, the costs to analyze total petroleum hydrocarbon (TPH)
content or recoverable TPH average $90 to $150 per analyzed soil sample.

5.0 CONCLUSIONS

C The comparison of LIF-generated data with the soil analysis at selected locations indicates that
high total PAH concentrations corresponded well with fluorescence intensity peaks.

C The fluorescence intensity profiles obtained during the demonstration permitted delineation of
the interface between the uncontaminated 5- to 8-ft-thick fill and underlying PAH-
contaminated materials.

C Continuous profiles illustrate PAH distribution better than laboratory analysis that represents a
wider sampling interval.

• At $8/ft to $18/ft, the estimated cost of using DTI’s LIF sensor compares favorably to the cost
for conventional drilling, sampling, and analyses ($50/ft to $100/ft) as well as the costs
estimated for the U.S. Navy’s LIF sensor/cone penetrometer technology ($12/ft to $20/ft).

C LIFI is not capable of detailed hydrocarbon speciation.
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The field-deployed LIF method can provide information on hot spots and contaminant
plume geometry in real time, to guide the sampling effort and enable accurate placement and
construction of monitoring wells. Minimal wastes are generated, and worker exposure to
potentially hazardous materials is substantially less than during conventional drilling and sampling
activities. The results of the field demonstration show that the LIF technology can be easily
deployed in various settings and has the ability to provide quality screening-level data in a timely,
cost-effective, and environmentally acceptable manner.
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