United States Office of Research and EPA/600/R-01/060

Environmental Protection Development June 2000
Agency Washington, DC 20460

SEPA Demonstration Plan

Field Measurement
Technologies for
Total Petroleum Hydrocarbons

in Soll




EPA/600/R-01/060
June 2000

Demonstration Plan

Field Measurement Technologies for
Total Petroleum Hydrocarbons in Soil

Prepared by

Tetra Tech EM Inc.
Chicago, lllinois

Contract No. 68-C5-0037

Dr. Stephen Billets
Environmental Sciences Division
National Exposure Research Laboratory
Office of Research and Development
U.S. Environmental Protection Agency
Las Vegas, Nevada 89193-3478



Concurrence Signatures

The primary purpose of the demonstration is to evaluate innovative field measurement technologies
for total petroleum hydrocarbons in soil based on their performance and cost as compared to a
conventional, off-site laboratory analytical method. The demonstration will take place under the
sponsorship of the U.S. Environmental Protection Agency (EPA) Superfund Innovative Technology
Evaluation Program.

This document is intended to ensure that all aspects of the demonstration are documented and
scientifically sound and that operational procedures are conducted in accordance with quality
assurance and quality control specifications and health and safety regulations.

The signatures of the individuals specified below indicate their concurrence and agreement to operate
in compliance with the procedures specified in this document.

W Cl1s0 Qx,f {/}mc-* ¢-14-p0

Stepher{éi[lcts Date Jr( Vance Date
EPA Project Manager oriba Instruments, Incorporated
Technology Developer Project Manager

Hon AN e AR 6/
- George Brilis Date Ted’ﬁynn 7 Date
EPA National EXposure Research Laboratory ~ Dexsil® Corporation

ance Officer . Technology Ddyeloper,Project Manager
\ b
6 /s o /oo
r r

e
Henry Castaneda Date
CHEMetrics, Inc. orporation

/chhnology Developer Project Manager Technology Developer Project Manager
udidZiPudpd  cp)13/cy %Q% G/"/AJ

éafndy Rintoul Date Stephen Greason / Date
Wilks Enterprise, Inc. sitetLAB® Corporation
Technology Developer Project Manager Technology Developer Project Manager

ii




M bw Ciefoo

Joseph Dautlick Date
Strategic Diagnostics, Inc.
Technology Developer Project Manager

;5@&[%% @*5% _6lbloo
Jeffrey Lowry Date

Environmental Resource Associates
Proje anager

i N B
g“*(..t"ép 'X:C‘.-"I.M 2L/ 6/ep \ﬁ@ C‘é]// Z}/ 00
Ernest Lory / ate Kirankumar Topudurti Date

Navy Base Ventura County
Demonstration Site Representative

/R 000

Amy Whitley Date
Kelly Air Force Base

Demonstration Site Representative

2o

Tetra Tech EM Inc.
Project Manager

\;ZM W 3:/"%/50

éreg Swar(son Date
Tetra Tech EM Inc.
Quality Assurance Manager

Jay glmonds Date

Handex of Indiana

Judnth Wagner Date

Tetra Tech EM Inc.

Demonstration Site Representative Health Safety Representative

AA0A C/ﬁ@a 6[700 q'n Yo b (140
Susan Bell Date Q/v"y arr Date
Sevem Trent Laboratories in Tampa, Florida atalyst Information Resources, L.L.C.

a/S/bu

Andrés Romeu ate
Severn Trent Laboratories in Tampa, Florida
Quality Assurance Manager

Project Technical Consultant

il




Demonstration Plan Distribution List

No. of
Organization Mailing Address Recipient Copies
U.S. Environmental Protection Agency | National Exposure Research Dr. Stephen Billets 2
Laboratory
944 East Harmon Avenue -
Las Vegas, NV 89114 Mr. George Brilis 1
Navy Base Ventura County NFESC Mr. Ernest Lory 1
1100 23rd Avenue
Port Hueneme, CA 93043
Kelly Air Force Base SA-ALC/EMRR Ms. Amy Whitley 1
307 Tinker Drive (Building 306)
Kelly Air Force Base, TX 78241
Handex of Indiana 8579 Zionsville Road Mr. Jay Simonds 1
Indianapolis, IN 46268
CHEMetrics, Inc. Route 28 Mr. Henry Castaneda 1
Calverton, VA 20138
Wilks Enterprise, Inc. 345 Riverview Drive Ms. Sandy Rintoul 1
Boulder Creek, CA 95006
Horiba Instruments, Incorporated 17671 Armstrong Avenue Mr. Jim Vance 1
Irvine, CA 92614
Dexsil® Corporation One Hamden Park Drive Dr. Ted B. Lynn 1
Hamden, CT 06517
Environmental Systems Corporation 200 Tech Center Drive Dr. George Hyfantis 1
Knoxville, TN 37912
siteLABe Corporation 94 Highland Street Mr. Stephen Greason 1
Portsmouth, NH 03801
Strategic Diagnostics, Inc. 111 Pencader Drive Mr. Joseph Dautlick 1
Newark, DE 19702
Severn Trent Laboratories 5910 Breckenridge Parkway, Suite H Ms. Susan Bell 1
Tampa, FL 33610
Environmental Resource Associates 5540 Marshall Street Mr. Jeffrey Lowry 1
Arvada, CO 80002
Tetra Tech EM Inc. 200 East Randolph Drive, Suite 4700 Dr. Kirankumar Topudurti 1
Chicago, IL 60601 Mr. Eric Monschein 1
Ms. Sandy
Anagnostopoulos
Ms. Jill Ciraulo 1
Ms. Kelly Hirsch 1
Ms. Kim Huynh 1
Mr. Jeff Lifka 1
Mr. Kevin Schnoes 1
Ms. Suzette Tay 1
591 Camino de la Reina, Suite 640 Dr. Greg Swanson 1

San Diego, CA 92108

3550 Salt Creek Lane, Suite 105
Arlington Heights, IL 60004

625 Eden Park Drive, Suite 100
Cincinnati, OH 45202

Ms. Judith Wagner

Mr. Carl Rhodes

Catalyst Information Resources, L.L.C.

1513 Bergen Parkway, #238
Evergreen, CO 80439

Mr. Jerry Parr

v




Notice

This document was prepared for the U.S. Environmental Protection Agency Superfund Innovative
Technology Evaluation Program under Contract No. 68-C5-0037. The document has been subjected
to the EPA’s peer and administrative reviews and has been approved for publication. Mention of
corporation names, trade names, or commercial products does not constitute endorsement or
recommendation for use.



Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the
nation’s natural resources. Under the mandate of national environmental laws, the agency strives to
formulate and implement actions leading to a compatible balance between human activities and the
ability of natural systems to support and nurture life. To meet this mandate, the EPA’s Office of
Research and Development provides data and scientific support that can be used to solve
environmental problems, build the scientific knowledge base needed to manage ecological resources
wisely, understand how pollutants affect public health, and prevent or reduce environmental risks.

The National Exposure Research Laboratory is the agency’s center for investigation of technical and
management approaches for identifying and quantifying risks to human health and the environment.
Goals of the laboratory’s research program are to (1) develop and evaluate methods and technologies
for characterizing and monitoring air, soil, and water; (2) support regulatory and policy decisions;
and (3) provide the scientific support needed to ensure effective implementation of environmental
regulations and strategies.

The EPA’s Superfund Innovative Technology Evaluation (SITE) Program evaluates technologies
designed for characterization and remediation of contaminated Superfund and Resource Conservation
and Recovery Act sites. The SITE Program was created to provide reliable cost and performance
data in order to speed acceptance and use of innovative remediation, characterization, and monitoring
technologies by the regulatory and user community.

Effective monitoring and measurement technologies are needed to assess the degree of contamination
at a site, provide data that can be used to determine the risk to public health or the environment, and
monitor the success or failure of a remediation process. One component of the EPA SITE Program,
the Monitoring and Measurement Technology Program, demonstrates and evaluates innovative
technologies to meet these needs.

Candidate technologies can originate within the federal government or the private sector. Through
the SITE Program, developers are given the opportunity to conduct a rigorous demonstration of their
technologies under actual field conditions. By completing the demonstration and distributing the
results, the agency establishes a baseline for acceptance and use of these technologies. The
Monitoring and Measurement Technology Program is managed by the Office of Research and
Development’s Environmental Sciences Division in Las Vegas, Nevada.

Gary Foley, Ph.D.

Director

National Exposure Research Laboratory
Office of Research and Development
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Abstract

The demonstration of innovative field measurement devices for total petroleum hydrocarbons (TPH)
in soil is being conducted under the U.S. Environmental Protection Agency (EPA) Superfund
Innovative Technology Evaluation Program in June 2000 at the Navy Base Ventura County site in
Port Hueneme, California. The primary purpose of the demonstration is to evaluate innovative field
measurement devices for TPH in soil based on their performance and cost as compared to a
conventional, off-site laboratory analytical method. The seven field measurement devices listed
below will be demonstrated.

* CHEMetrics, Inc.’s, RemediAid™ Total Petroleum Hydrocarbon Starter Kit

»  Wilks Enterprise, Inc.’s, Infracal® TOG/TPH Analyzer, Models CVH and HATR-T
* Horiba Instruments, Incorporated’s, OCMA-350 Oil Content Analyzer

+  Dexsil® Corporation’s PetroFLAG™ Hydrocarbon Test Kit for Soil

* Environmental Systems Corporation’s Synchronous Scanning Luminoscope

» siteLABe Corporation’s Analytical Test Kit UVF-3100A

» Strategic Diagnostics, Inc.’s, EnSys Petro Test System

This demonstration plan describes the procedures that will be used to verify the performance and cost
of each field measurement device. The plan incorporates the quality assurance and quality control
elements needed to generate data of sufficient quality to document each device’s performance and
cost. A separate innovative technology verification report (ITVR) will be prepared for each device.
The ITVRs will present the demonstration findings associated with the demonstration objectives.
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Executive Summary

Performance verification of innovative environmental technologies is an integral part of the
regulatory and research mission of the U.S. Environmental Protection Agency (EPA). The Superfund
Innovative Technology Evaluation (SITE) Program was established by the EPA Office of Solid
Waste and Emergency Response and Office of Research and Development under the Superfund
Amendments and Reauthorization Act of 1986. The program is designed to meet three primary
objectives: (1) identify and remove obstacles to the development and commercial use of innovative
technologies, (2) demonstrate promising innovative technologies and gather reliable performance and
cost information to support site characterization and cleanup activities, and (3) develop procedures
and policies that encourage use of innovative technologies at Superfund sites as well as other waste
sites or commercial facilities. The intent of a SITE demonstration is to obtain representative, high-
quality performance and cost data on innovative technologies so that potential users can assess a
given technology’s suitability for a specific application.

The demonstration of innovative field measurement devices for total petroleum hydrocarbons (TPH)
in soil is to be conducted under the SITE Program in June 2000 at the Navy Base Ventura County
site in Port Hueneme, California. The demonstration is being conducted under the Monitoring and
Measurement Technology Program, which is administered by the Environmental Sciences Division
of the EPA National Exposure Research Laboratory in Las Vegas, Nevada. The primary purpose of
the demonstration is to evaluate innovative field measurement devices for TPH in soil based
on comparison of their performance and cost to those of a conventional, off-site laboratory analytical
method.

The following seven field measurement devices will be demonstrated:

. CHEMetrics, Inc.’s, RemediAid™ Total Petroleum Hydrocarbon Starter Kit

. Wilks Enterprise, Inc.’s, Infracal® TOG/TPH Analyzer, Models CVH and HATR-T
. Horiba Instruments, Incorporated’s, OCMA-350 Oil Content Analyzer

. Dexsil® Corporation’s PetroFLAG™ Hydrocarbon Test Kit for Soil

. Environmental Systems Corporation’s Synchronous Scanning Luminoscope

. sitetLAB® Corporation’s Analytical Test Kit UVF-3100A

. Strategic Diagnostics, Inc.’s, EnSys Petro Test System

The performance and cost of each device will be compared to those of a conventional, off-site
laboratory analytical method—that is, a reference method. The performance and cost of one device
will not be compared to those of another device. The reference method that will be used for the
demonstration is “Test Methods for Evaluating Solid Waste” (SW-846) Method 8015B (modified).
A separate innovative technology verification report (ITVR) will be prepared for each device.
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The demonstration has both primary and secondary objectives. The primary objectives are critical
to the technology evaluations and require use of quantitative results to draw conclusions regarding
technology performance. The secondary objectives pertain to information that is useful but do not
necessarily require use of quantitative results to draw conclusions regarding technology
performance. The primary objectives for the demonstration of the individual field measurement
devices are as follows:

P1. Determine the method detection limit

P2. Evaluate the accuracy and precision of TPH measurement for a variety of contaminated soil
samples

P3. Evaluate the effect of interferents on TPH measurement

P4. Evaluate the effect of soil moisture content on TPH measurement

Ps. Measure the time required for TPH measurement

Pé6. Estimate costs associated with TPH measurement

The secondary objectives for the demonstration of the individual field measurement devices are as
follows:

S1. Document the skills and training required to properly operate the device

S2. Document health and safety concerns associated with operating the device

S3. Document the portability of the device

S4. Evaluate the device’s durability based on its materials of construction and engineering design
SS. Document the availability of the device and associated spare parts

To address the demonstration objectives, both environmental and performance evaluation (PE)
samples will be analyzed during the demonstration. The environmental samples will be collected
from five areas contaminated with gasoline, diesel, lubricating oil, or other petroleum products, and
the PE samples will be obtained from a commercial provider. Collectively, the environmental and
PE samples will have the range of physical (sand, silt, and clay) and chemical (petroleum
hydrocarbon type and concentration) characteristics necessary to properly evaluate the field
measurement devices.

Upon completion of the demonstration, field measurement device and reference method results will

be compared to evaluate the performance and associated cost of each device. The ITVRs for the
seven devices are scheduled for completion in October 2001.
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Chapter 1
Introduction

The U.S. Environmental Protection Agency (EPA) Office of Research and Development (ORD) National Exposure
Research Laboratory (NERL) has contracted with Tetra Tech EM Inc. (Tetra Tech) to conduct a demonstration of
innovative field measurement devices for total petroleum hydrocarbons (TPH) in soil. The demonstration is being
conducted as part of the EPA Superfund Innovative Technology Evaluation (SITE) Monitoring and Measurement
Technology (MMT) Program in June 2000 at Port Hueneme in California. The purpose of this demonstration is to
obtain reliable performance and cost data on the devices in order to provide (1) potential users with a better
understanding of the devices’ performance and operating costs under well-defined field conditions and (2) the device

developers with documented results that will help them promote acceptance and use of their devices.

This demonstration plan describes the procedures that will be used to verify the performance and associated cost of
each field measurement device. The plan also incorporates the quality assurance and quality control (QA/QC)
elements needed to generate data of sufficient quality to document each device’s performance and cost. This plan
has been prepared using the NERL’s “A Guidance Manual for the Preparation of Site Characterization and Monitoring
Technology Demonstration Plans” (EPA 1996a) and in accordance with the EPA National Risk Management Research
Laboratory’s (NRMRL) “Quality Assurance Project Plan Requirements for Applied Research Projects” (EPA 1998).

This demonstration plan describes the SITE Program, the scope of the demonstration, and the components and
definition of TPH (Chapter 1); the seven innovative TPH field measurement devices that will be demonstrated and
the technologies that they are based on (Chapter 2); the three demonstration sites (Chapter 3); the demonstration
approach (Chapter 4); the reference method and laboratory that will be used during the demonstration (Chapter 5);
the demonstration organization and responsibilities (Chapter 6); the field sampling procedures (Chapter 7); the
calibration requirements and sample management procedures for the devices (Chapter 8); the laboratory sample
preparation and analytical methods, calibration requirements, and sample management procedures (Chapter 9); the

QA/QC procedures (Chapter 10); the audits and associated corrective actions (Chapter 11); the data management



procedures (Chapter 12); the health and safety procedures (Chapter 13); and the references used to prepare this
demonstration plan (Chapter 14).

1.1 Description of SITE Program

Performance verification of innovative environmental technologies is an integral part of the regulatory and research
mission of the EPA. The SITE Program was established by the EPA Office of Solid Waste and Emergency Response
(OSWER) and ORD under the Superfund Amendments and Reauthorization Act of 1986. The overall goal of the
SITE Program is to conduct performance verification studies and to promote the acceptance of innovative
technologies that may be used to achieve long-term protection of human health and the environment. The program
is designed to meet three primary objectives: (1) identify and remove obstacles to the development and commercial
use of innovative technologies, (2) demonstrate promising innovative technologies and gather reliable performance
and cost information to support site characterization and cleanup activities, and (3) develop procedures and policies
that encourage use of innovative technologies at Superfund sites as well as at other waste sites or commercial

facilities.

The intent of a SITE demonstration is to obtain representative, high-quality performance and cost data on one or more
innovative technologies so that potential users can assess a given technology’s suitability for a specific application.

The SITE Program includes the following elements:

. MMT Program—Evaluates technologies that sample, detect, monitor, or measure hazardous and toxic
substances. These technologies are expected to provide better, faster, or more cost-effective methods for
producing real-time data during site characterization and remediation studies than do conventional
technologies.

. Remediation Technology Program—Conducts demonstrations of innovative treatment technologies to
provide reliable performance, cost, and applicability data for site cleanups.

. Technology Transfer Program—Provides and disseminates technical information in the form of updates,
brochures, and other publications that promote the SITE Program and participating technologies. The
Technology Transfer Program also offers technical assistance, training, and workshops to support the
technologies. A significant number of these activities are performed by EPA’s Technology Innovation
Office.

The TPH field measurement device demonstration is being conducted as part of the MMT Program, which provides
developers of innovative hazardous waste sampling, monitoring, and measurement technologies with an opportunity
to demonstrate their devices’ performance under actual field conditions. These devices may be used to sample,

detect, monitor, or measure hazardous and toxic substances in water, soil, soil gas, and sediment. The technologies



include chemical sensors for in situ (in place) measurements, groundwater samplers, soil and sediment samplers, soil
gas samplers, field-portable analytical equipment, and other systems that support field sampling or data acquisition

and analysis.

The MMT Program promotes acceptance of technologies that can be used to (1) accurately assess the degree of
contamination at a site, (2) provide data to evaluate potential effects on human health and the environment, (3) apply
data to assist in selecting the most appropriate cleanup action, and (4) monitor the effectiveness of a remediation
process. The program places a high priority on innovative technologies that provide more cost-effective, faster, or
safer methods for producing real-time or near-real-time data than do conventional, laboratory-based technologies.
These innovative technologies are demonstrated under field conditions, and the results are compiled, evaluated,

published, and disseminated by the ORD. The primary objectives of the MMT Program are as follows:

. Test and verify the performance of field sampling and analytical technologies that enhance sampling,
monitoring, and site characterization capabilities

. Identify performance attributes of innovative technologies to address field sampling, monitoring, and
characterization problems in a more cost-effective and efficient manner

. Prepare protocols, guidelines, methods, and other technical publications that enhance acceptance of these
technologies for routine use

The MMT Program is administered by the Environmental Sciences Division of the NERL in Las Vegas, Nevada. The
NERL is the EPA’s center for investigation of technical and management approaches for identifying and quantifying
risks to human health and the environment. The NERL’s mission components include (1) developing and evaluating
methods and technologies for sampling, monitoring, and characterizing water, air, soil, and sediment; (2) supporting
regulatory and policy decisions; and (3) providing the technical support needed to ensure effective implementation
of environmental regulations and strategies. By demonstrating selected innovative field measurement devices for TPH
in soil, the MMT Program is supporting the development and evaluation of methods and technologies for field

measurement of TPH concentrations in a variety of soil types.

The MMT Program’s technology verification process is designed to conduct demonstrations that will generate high-
quality data so that potential users have reliable information regarding the device performance and cost. Four steps
are inherent in the process: (1) needs identification and technology selection, (2) demonstration planning and

implementation, (3) report preparation, and (4) information distribution.

The first step of the technology verification process begins with identifying technology needs of the EPA and
regulated community. The EPA regional offices, the U.S. Department of Energy, the U.S. Department of Defense,



industry, and state environmental regulatory agencies are asked to identify technology needs for sampling,
measurement, and monitoring of environmental media. Once a need is identified, a search is conducted to identify
suitable technologies that will address the need. The technology search and identification process consists of
examining industry and trade publications, attending related conferences, exploring leads from technology developers
and industry experts, and reviewing responses to Commerce Business Daily announcements. Selection oftechnologies

for field testing includes evaluation of the candidate technologies based on several criteria. A suitable technology

for field testing

. Is designed for use in the field

. Is applicable to a variety of environmentally contaminated sites

. Has potential for solving problems that current methods cannot satisfactorily address

. Has estimated costs that are lower than those of conventional methods

. Is likely to achieve better results than current methods in areas such as data quality and turnaround time
. Uses techniques that are easier or safer than current methods

. Is commercially available

Once candidate technologies are identified, their developers are asked to participate in a developer conference. This
conference gives the developers an opportunity to describe their technologies’ performance and to learn about the

MMT Program.

The second step of the technology verification process is to plan and implement a demonstration that will generate
high-quality data to assist potential users in selecting a technology. Demonstration planning activities include a
predemonstration sampling and analysis investigation that assesses existing conditions at the proposed demonstration
site or sites. The objectives of the predemonstration investigation are to (1) confirm available information on
applicable physical, chemical, and biological characteristics of contaminated media at the sites to justify selection of
site areas for the demonstration; (2) provide the technology developers with an opportunity to evaluate the areas,
analyze representative samples, and identify logistical requirements; (3) assess the overall logistical requirements for
conducting the demonstration; and (4) provide the reference laboratory involved with an opportunity to identify any
matrix-specific analytical problems associated with the contaminated media and to propose appropriate solutions.
Information generated through the predemonstration investigation is used to develop the final demonstration design

and sampling and analysis procedures.



Demonstration planning activities also include preparation of a demonstration plan that describes the procedures to
be used to verify the performance and cost of each innovative technology. The demonstration plan incorporates
information generated during the predemonstration investigation as well as input from technology developers,
demonstration site representatives, and technical peer reviewers. The demonstration plan also incorporates the
QA/QC elements needed to produce data of sufficient quality to document the performance and cost of each

technology.

During the demonstration, each innovative technology is evaluated independently and, when possible and appropriate,
is compared to a reference technology. The performance and cost of one innovative technology are not compared to
those of another technology evaluated in the demonstration. Rather, demonstration data are used to evaluate the

performance, cost, advantages, limitations, and field applicability of each technology.

As part of the third step of the technology verification process, the EPA publishes a verification statement and a
detailed evaluation of each technology in an innovative technology verification report (ITVR). To ensure its quality,
the ITVR is published only after comments from the technology developer and external peer reviewers are
satisfactorily addressed. All demonstration dataused to evaluate each innovative technology are summarized in a data
evaluation report (DER) that constitutes a complete record of the demonstration. The DER is not published as an EPA

document, but an unpublished copy may be obtained from the EPA project manager.

The fourth step of the verification process is to distribute demonstration information. To benefit technology
developers and potential technology users, the EPA distributes demonstration bulletins and ITVRs through direct
mailings, at conferences, and on the Internet. ITVRs and additional information on the SITE Program are available

on the EPA ORD web site (http://www.epa.gov/ORD/SITE).

1.2 Scope of Demonstration

The purpose of the demonstration is to evaluate innovative field measurement devices for TPH in soil in order to
provide (1) potential users with a better understanding of each device’s performance and cost under well-defined field
conditions and (2) developers with documented results that will assist them in promoting acceptance and use of their

devices.

Chapter 2 describes the field measurement devices that will be evaluated during the demonstration. Because TPH

is a “method-defined parameter,” the performance results for each device will be compared to the results obtained



using an off-site laboratory measurement method—that is, an approved reference method. Details on the selection

of the reference method and laboratory are provided in Chapter 5.

The demonstration has both primary and secondary objectives. Primary objectives are critical to the technology
verification and required use of quantitative results. Secondary objectives pertain to information that is useful but
will not necessarily require the use of quantitative results. Both the primary and secondary objectives are presented

in Chapter 4.

To meet the demonstration objectives, samples will be collected from five individual areas at three sites. The first
site is referred to as the Navy Base Ventura County (BVC) site; is located in Port Hueneme, California; and contains
three sampling areas. The Navy BVCssite lies in EPA Region 9. The second site is referred to as the Kelly Air Force
Base (AFB) site; is located in San Antonio, Texas; and contains one sampling area. The Kelly AFB site lies in EPA
Region 6. The third site is referred to as the petroleum company (PC) site, is located in north-central Indiana, and

contains one sampling area. The PC site lies in EPA Region 5.

In preparation for the demonstration, a predemonstration sampling and analysis investigation was completed at the
three sites in January 2000. The purpose of this investigation was to assess whether the sites and sampling areas were
appropriate for evaluating the field measurement devices based on the demonstration objectives. Demonstration field
activities are scheduled to occur between June 5 and 18, 2000. Draft ITVRs will be available for peer and developer

review in March 2001, and final ITVRs will be submitted to the EPA in October 2001.

1.3 Components and Definition of TPH

To understand the term “TPH,” it is necessary to understand the composition of petroleum and its products. This
section briefly describes the composition of petroleum and its products and defines TPH from a measurement
standpoint. The organic compounds containing only hydrogen and carbon that are present in petroleum and its
derivatives are collectively referred to as petroleum hydrocarbons (PHC). Therefore, in this demonstration plan, the
term “PHC” is used to identify sample constituents, and the term “TPH” is used to identify analyses performed and

the associated results (for example, TPH concentrations).



1.3.1 Composition of Petroleum and Its Products

Petroleum is essentially a mixture of gaseous, liquid, and solid hydrocarbons that occur in sedimentary rock deposits.
On the molecular level, petroleum is a complex mixture of hydrocarbons; organic compounds of sulfur, nitrogen, and
oxygen; and compounds containing metallic constituents, particularly vanadium, nickel, iron, and copper. Based on
the limited data available, the elemental composition of petroleum appears to vary over a relatively narrow range: 83
to 87 percent carbon, 10 to 14 percent hydrogen, 0.05 to 6 percent sulfur, 0.1 to 2 percent nitrogen, and 0.05 to 1.5

percent oxygen. Metals are present in petroleum at concentrations of up to 0.1 percent (Speight 1991).

Petroleum in the crude state (crude oil) is a mineral resource, but when refined, it provides liquid fuels, solvents,
lubricants, and many other marketable products. The hydrocarbon components of crude oil include paraffinic,
naphthenic, and aromatic groups. Paraffins (alkanes) are saturated, aliphatic hydrocarbons with straight or branched
chains but without any ring structure. Naphthenes are saturated, aliphatic hydrocarbons containing one or more rings,
each of which may have one or more paraffinic side chains (alicyclic hydrocarbons). Aromatic hydrocarbons contain
one or more aromatic nuclei, such as benzene, naphthalene, and phenanthrene ring systems, that may be linked with
(substituted) naphthenic rings or paraftinic side chains. In crude oil, the relationship among the three primary groups
of hydrocarbon components is a result of hydrogen gain or loss between any two groups. Another class of compounds
that is present in petroleum products such as automobile gasoline but rarely in crude oil is known as olefins. Olefins

(alkenes) are unsaturated, aliphatic hydrocarbons with straight or branched chains but without any ring structure.

The distribution of paraffins, naphthenes, and aromatic hydrocarbons depends on the source of crude oil. For
example, Pennsylvania crude oil contains high levels of paraffins (about 50 percent), whereas Borneo crude oil
contains less than 1 percent paraffins. As shown in Figure 1-1, the proportion of straight or branched paraffins
decreases with increasing molecular weight or boiling point fraction for a given crude oil; however, this is not true
for naphthenes or aromatic hydrocarbons. The proportion of monocyclonaphthenes decreases with increasing
molecular weight or boiling point fraction, whereas the opposite is true for polycyclonaphthenes and polynuclear
aromatic hydrocarbons (PAH); the proportion of mononuclear aromatic hydrocarbons appears to be independent of

molecular weight or boiling point fraction.

Various petroleum products consisting of carbon and hydrogen are formed when crude oil is subjected to distillation
and other processes in a refinery. Processing of crude oil results in petroleum products with trace quantities of metals
and organic compounds that contain nitrogen, sulfur, and oxygen. These products include liquefied petroleum gas,

gasoline, naphthas, kerosene, fuel oils, lubricating oils, coke, waxes, and asphalt. Of these products, gasoline,
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Figure 1-1. Distribution of various petroleum hydrocarbon types throughout boiling point range of crude oil.

naphthas, kerosene, fuel oils, and lubricating oils are liquids and may be present at petroleum-contaminated sites.
Except for gasoline and some naphthas, these products are made primarily by collecting particular boiling point
fractions of crude oil from a distillation column. Because this classification of petroleum products is based on boiling
point and not on chemical composition, the composition of these products, including the ratio of aliphatic to aromatic
hydrocarbons, varies depending on the source of crude oil. In addition, specific information (such as boiling points
and carbon ranges) for different petroleum products, varies slightly depending on the source of the information.
Commonly encountered forms and blends of petroleum products are briefly described below. The descriptions are
primarily based on information in books written by Speight (1991) and Gary and Handwerk (1993). Additional
information is provided by Dryoff (1993).

1.3.1.1 Gasoline

Gasoline is a major exception to the boiling point classification described above because “straight-run gasoline”
(gasoline directly recovered from a distillation column) is only a small fraction of the blended gasoline that is
commercially available as fuel. Commercially available gasolines are complex mixtures of hydrocarbons that boil

below 180 °C or at most 200 °C and that contain hydrocarbons with 4 to 12 carbon atoms per molecule. Of the



commercially available gasolines, aviation gasoline has a narrower boiling range (38 to 170 °C) than automobile
gasoline (-1 to 200 °C). In addition, aviation gasoline may contain high levels of paraffins (50 to 60 percent),
moderate levels of naphthenes (20 to 30 percent), a low level of aromatic hydrocarbons (10 percent), and no olefins,

whereas automobile gasoline may contain up to 30 percent olefins and up to 40 percent aromatic hydrocarbons.

Gasoline composition can vary widely depending on the source of crude oil. In addition, gasoline composition varies
from region to region because of consumer needs for gasoline with a high octane rating to prevent engine “knocking.”
Moreover, EPA regulations regarding the vapor pressure of gasoline, the chemicals used to produce a high octane
rating, and cleaner-burning fuels have affected gasoline composition. For example, when use of tetracthyl lead to
produce gasoline with a high octane rating was banned by the EPA, oxygenated fuels came into existence. Production
ofthese fuels included addition of methyl-tert-butyl ether (MTBE), ethanol, and other oxygenates. Use of oxygenated

fuels also results in reduction of air pollutant emissions (for example, carbon monoxide and nitrogen oxides).

1.3.1.2 Naphthas

“Naphtha” is a generic term applied to petroleum solvents. Under standardized distillation conditions, at least
10 percent of naphthas should distill below 175 °C, and at least 95 percent of naphthas should distill below 240 °C.
Naphthas can be both aliphatic and aromatic and contain hydrocarbons with 6 to 12 carbon atoms per molecule.
Depending on the intended use of a naphtha, it may be free of aromatic hydrocarbons (to make it odor-free) and sulfur
(to make it less toxic). Many forms of naphthas are commercially available, including Varnish Makers’ and Painters’
naphthas (Types I and II), mineral spirits (Types I through IV), and aromatic naphthas (Types I and II). Stoddard

solvent, a commonly used dry cleaning solvent, is an example of an aliphatic naphtha.

1.3.1.3 Kerosene

Kerosene is a straight-run petroleum fraction that has a boiling point range of 205 to 260 °C. Kerosene typically
contains hydrocarbons with 12 or more carbon atoms per molecule. Because of its use as an indoor fuel, kerosene

must be free of aromatic and unsaturated hydrocarbons as well as sulfur compounds.

1.3.14 Jet Fuels

Jet fuels, which are also known as aircraft turbine fuels, are manufactured by blending gasoline, naphtha, and

kerosene in varying proportions. Therefore, jet fuels may contain a carbon range that covers gasoline through

kerosene. Jet fuels are used in both military and commercial aircraft. Some examples of jet fuels include Type A,



Type A-1, Type B, JP-4, JP-5, and JP-8. The aromatic hydrocarbon content of these fuels ranges from 20 to
25 percent. The military jet fuel JP-4 has a wide boiling point range (65 to 290 °C), whereas commercial jet fuels,
including JP-5 and Types A and A-1, have a narrower boiling point range (175 to 290 °C) because of safety
considerations. Increasing concerns over combat hazards associated with JP-4 jet fuel led to development of JP-8 jet
fuel, which has a flash point of 38 °C and a boiling point range of 165 to 275 °C. JP-8 jet fuel contains hydrocarbons
with 9 to 15 carbon atoms per molecule. Type B jet fuel has a boiling point range of 55 to 230 °C and a carbon range
of 5 to 13 atoms per molecule. A new specification is currently being developed by the American Society for Testing

and Materials (ASTM) for Type B jet fuel.

1.3.1.5 Fuel Oils

Fuel oils are divided into two classes: distillates and residuals. No. 1 and 2 fuel oils are distillates and include
kerosene, diesel, and home heating oil. No. 4, 5, and 6 fuel oils are residuals or black oils, and they all contain crude
distillation tower bottoms (tar) to which cutter stocks (semirefined or refined distillates) have been added. No. 4 fuel

oil contains the most cutter stock, and No. 6 fuel oil contains the least.

Commonly available fuel oils include No. 1,2, 4, 5, and 6. The boiling points, viscosities, and densities of these fuel
oils increase with increasing number designation. The boiling point ranges for No. 1, 2, and 4 fuel oils are about 180
to 320, 175 to 340, and 150 to 480 °C, respectively. No. 1 and 2 fuel oils contain hydrocarbons with 10 to 22 carbon
atoms per molecule; the carbon range for No. 4 fuel oil is 22 to 40 atoms per molecule. No. 5 and 6 fuel oils have
a boiling point range of 150 to 540 °C but differ in the amounts of residue they contain: No. 5 fuel oil contains a small
amount of residue, whereas No. 6 fuel oil contains a large amount. No. 5 and 6 fuel oils contain hydrocarbons with
28 to 90 carbon atoms per molecule. Fuel oils typically contain about 60 percent aliphatic hydrocarbons and 40

percent aromatic hydrocarbons.

1.3.1.6 Diesel

Diesel is primarily used to operate motor vehicle and railroad diesel engines. Automobile diesel is available in two
grades: No. 1 and 2. No. 1 diesel has a boiling point range of 180 to 320 °C and a cetane number above 50. The
cetane number is similar to the octane number of gasoline; a higher number corresponds to less knocking. No. 2
diesel is very similar to No. 2 fuel oil. No. 2 diesel has a boiling point range of 175 to 340 °C and a minimum cetane
number of 52. No. 1 diesel is used in high-speed engines such as truck and bus engines, whereas No. 2 diesel is used

in other diesel engines. Railroad diesel is similar to No. 2 diesel but has a higher boiling point (up to 370 °C) and
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lower cetane number (40 to 45). The ratio of aliphatic to aromatic hydrocarbons in diesel is about 5. The carbon

range for hydrocarbons present in diesel is 10 to 28 atoms per molecule.

1.3.1.7 Lubricating Oils

Lubricating oils can be distinguished from other crude oil fractions by their high boiling points (greater than 400 °C)
and viscosities. Materials suitable for production of lubricating oils are composed principally of hydrocarbons
containing 25 to 35 or even 40 carbon atoms per molecule, whereas residual stocks may contain hydrocarbons with
50 to 60 or more (up to 80 or so) carbon atoms per molecule. Because it is difficult to isolate hydrocarbons from the
lubricant fraction of petroleum, aliphatic to aromatic hydrocarbon ratios are not well documented for lubricating oils.

However, these ratios are expected to be comparable to those of the source crude oil.

1.3.2 Measurement of TPH

As described in Section 1.3.1, the composition of petroleum and its products is complex and variable, which
complicates TPH measurement. The measurement of TPH in soil is further complicated by weathering effects. When
a petroleum product is released to soil, the product’s composition immediately begins to change. The components
with lower boiling points are volatilized, the more water-soluble components migrate to groundwater, and
biodegradation can affect many other components. Within a short period, the contamination remaining in soil may

have only some characteristics in common with the parent product.

This section provides a historical perspective on TPH measurement, reviews current options for TPH measurement

in soil, and discusses the definition of TPH that was used for the demonstration.

1.3.2.1 Historical Perspective

Most environmental measurements are focused on identifying and quantifying a particular trace element (such as
lead) or organic compound (such as benzene). However, for some “method-defined” parameters, the particular
substance being measured may yield different results depending on the measurement method used. Examples of such
parameters include oil and grease and surfactants. Perhaps the most problematic of the method-defined parameters
is TPH. TPH arose as a parameter for wastewater analyses in the 1960s because of petroleum industry concerns that
the original “oil and grease” analytical method, which is gravimetric in nature, might inaccurately characterize

petroleum industry wastewaters that contained naturally occurring vegetable oils and greases along with PHCs.
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These naturally occurring materials are typically long-chain fatty acids (for example, oleic acid, the major component

of olive oil).

Originally, TPH was defined as any material extracted with a particular solvent that is not adsorbed by the silica gel
used to remove fatty acids and that is not lost when the solvent is evaporated. Although this definition covers most
of the components of petroleum products, it includes many other organic compounds as well, including chlorinated
solvents, pesticides, and other synthetic organic chemicals. Furthermore, because of the evaporation step in the
gravimetric analytical method, the definition excludes most of the petroleum-derived compounds in gasoline that are
volatile in nature. For these reasons, an infrared analytical method was developed to measure TPH. In this method,
a calibration standard consisting of three components is analyzed at a wavelength of 3.41 micrometers (um), which
corresponds to an aliphatic CH, hydrocarbon stretch. As shown in Table 1-1, the calibration standard is designed to
mimic a petroleum product having a relative distribution of aliphatic and aromatic compounds as well as a certain
percentage of aliphatic CH, hydrocarbons. The infrared analytical method indicates that any compound that is
extracted by the solvent, is not absorbed by silica gel, and contains a CH, bond is a PHC. Both the gravimetric and
infrared analytical methods include a silica gel fractionation step to remove polar, biogenic compounds such as fatty

acids, but this cleanup step can also remove some petroleum degradation products that are polar in nature.

Table 1-1. Summary of Calibration Information for Infrared Analytical Method

Number of Carbon Atoms
Portion of Constituent Aliohatic Aromatic Portion of Aliphatic CH, in

Standard in Standard P Standard Constituent
Constituent Constituent Type (percent by volume) | CH, CH, CH CH (percent by weight)
Hexadecane Straight-chain aliphatic 37.5 2 14 0 0 91

Isooctane Branched-chain aliphatic 375 5 1 1 0 14
Chlorobenzene Aromatic 25 0 0 0 5 0

Average 35

In the 1980s, because of the change in focus from wastewater analyses to characterization of hazardous waste sites
that contained contaminated soil, many parties began to adapt the existing wastewater analytical methods for
application to soil. Unfortunately, the term “TPH” was in common use, as many states had adopted this term
(and the wastewater analytical methods) for cleanup activities at underground storage tank (UST) sites. Despite
efforts by the American Petroleum Institute (API) and others to establish new analyte names (for example, gasoline
range organics [GRO] and diesel range organics [DRO]), “TPH” is still present in many state regulations as a

somewhat ill-defined term, and most state programs still have cleanup criteria for TPH.
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1.3.2.2 Current Options for TPH Measurement in Soil

Three widely used technologies measure some form of TPH in soil to some degree. These technologies were used
as starting points in deciding how to define TPH for the demonstration. The three technologies and the analytes

measured are summarized in Table 1-2.

Table 1-2. Current Technologies for TPH Measurement

Technology What Is Measured What Is Not Measured

Gravimetry All analytes removed from the sample by the Volatiles; very polar organics
extraction solvent that are not volatilized

Infrared All analytes removed from the sample by the Benzene, naphthalene, and other aromatic
extraction solvent that contain an aliphatic CH, stretch 'hydrocarbons with no aliphatic group attached;
very polar organics

Gas chromatograph/flame ionization | All analytes removed from the sample by the Very polar organics; compounds with high
detector extraction solvent that can be chromatographed and | molecular weights or high boiling points
that respond to the detector

Of the three technologies, gravimetry and infrared are discussed in Section 1.3.2.1. The third technology, the gas
chromatograph/flame ionization detector (GC/FID), came into use because of the documented shortcomings of the
other two technologies. The GC/FID had long been used in the petroleum refining industry as a product QC tool to
determine the boiling point distribution of pure petroleum products. In the 1980s, environmental laboratories began
to apply this technology along with sample preparation methods developed for soil samples to measure PHCs at
environmental levels (Zilis, McDevitt, and Parr 1988). GC/FID methods measure all organic compounds that are
extracted by the solvent and that can be chromatographed. However, because of method limitations, the very volatile
portion of gasoline compounds containing four or five carbon atoms per molecule is not addressed by GC/FID
methods; therefore, 100 percent recovery cannot be achieved for pure gasoline. This omission is not considered
significant because these low-boiling-point aliphatic compounds (1) are not expected to be present in environmental

samples (because of volatilization) and (2) pose less environmental risk than the aromatic hydrocarbons in gasoline.

The primary limitation of GC/FID methods relates to the extraction solvent used. The solvent should not interfere
with the analysis, but to achieve environmental levels of detection (in the low milligram per kilogram [mg/kg] range)
for soil, some concentration of the extract is needed because the sensitivity of the FID is in the nanogram (ng) range.

This limitation has resulted in three basic approaches for GC/FID analyses for GRO, DRO, and PHCs.
For GRO analysis, a GC/FID method was developed as part of research sponsored by API and was the subject of an

interlaboratory validation study (API 1994); the method was first published in 1990. In this method, GRO is defined

as the sum of the organic compounds in the boiling point range of 60 to 170 °C, and the method uses a synthetic
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calibration standard as both a window-defining mix and a quantitation standard. The GRO method was specifically
incorporated into the EPA’s “Test Methods for Evaluating Solid Waste” (SW-846) Method 8015B in 1996 (EPA
1996). The GRO method uses the purge-and-trap technique for sample preparation, effectively limiting the TPH

components to the volatile compounds only.

For DRO analysis, a GC/FID method was developed under the sponsorship of API as a companion to the GRO
method and was interlaboratory-validated in 1994. In the DRO method, DRO is defined as the sum of the organic
compounds in the boiling point range of 170 to 430 °C. As in the GRO method, a synthetic calibration standard is
used for quantitation. The DRO method was also incorporated into SW-846 Method 8015B in 1996. The technology
used in the DRO method can measure hydrocarbons with boiling points up to 540 °C. However, the hydrocarbons
with boiling points in the range of 430 to 540 °C are specifically excluded from SW-846 Method 8015B so as not to
include the higher-boiling-point petroleum products. The DRO method uses a solvent extraction and concentration

step, effectively limiting the method to nonvolatile hydrocarbons.

For PHC analysis, a GC/FID method was developed by Shell Oil Company (now Equilon Enterprises). This method
was interlaboratory-validated along with the GRO and DRO methods in an API study in 1994. The PHC method
originally defined PHCs as the sum of the compounds in the boiling point range of about 70 to 400 °C, but it now
defines PHCs as the sum of the compounds in the boiling point range of 70 to 490 °C. The method provides options
for instrument calibration, including use of synthetic standards, but it recommends use of products similar to the
contaminants present at the site of concern. The PHC method has not been specifically incorporated into SW-846;
however, the method has been used as the basis for the TPH methods in several states, including Massachusetts,
Washington, and Texas. The PHC method uses solvent microextraction and thus has a higher detection limit than
the GRO and DRO methods. The PHC method also begins peak integration after elution of the solvent peak for n-
pentane. Thus, this method probably cannot measure some volatile compounds (for example, 2-methyl pentane and

MTBE) that are measured using the GRO method.

1.3.2.3 Definition of TPH

It is not possible to establish a definition of TPH that would include crude oil and its refined products and exclude

other organic compounds. Rather, the TPH definition selected for the demonstration is intended to

. Include compounds that are PHCs, such as paraffins, naphthenes, and aromatic hydrocarbons

. Include, to the extent possible, the major petroleum products (gasoline, naphthas, kerosene, jet fuels, fuel
oils, diesel, and lubricating oils)
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. Have little inherent bias based on the composition of an individual manufacturer’s product

. Have little inherent bias based on the relative concentrations of aliphatic and aromatic hydrocarbons present
. Include much of the volatile portion of gasoline, including all weathered gasoline

. Include MTBE

. Exclude crude oil residuals beyond the extended diesel organic (EDRO) range

. Exclude nonpetroleum organic compounds (for example, chlorinated solvents, pesticides, polychlorinated

biphenyls [PCB], and naturally occurring oils and greases)
. Allow TPH measurement using a widely accepted method

. Reflect accepted TPH measurement practice in many states

Several states, including Massachusetts, Alaska, Louisiana, and North Carolina, have implemented or are planning
to implement a TPH contamination cleanup approach based on the aliphatic and aromatic hydrocarbon fractions of
TPH. The action levels for the aromatic hydrocarbon fraction are more stringent than those for the aliphatic
hydrocarbon fraction. The approach used in these states involves performing a sample fractionation procedure and
two analyses to determine the aliphatic and aromatic hydrocarbon concentrations in a sample. However, in most
applications of this approach, only a few samples are subjected to the determination of aliphatic and aromatic

hydrocarbon concentrations because of the cost associated with performing sample cleanup and two analyses.

For the demonstration, TPH is not defined based on the aliphatic and aromatic hydrocarbon fractions because

. Such a definition is used in only a few states.

. Variations exist among the sample fractionation and analysis procedures used in different states.

. The repeatability and versatility of sample fractionation and analysis procedures are not well documented.
. In some states, TPH-based action levels are still used.

. The associated analytical costs are high.

As stated in Section 1.3.2.2, analytical methods currently available for measurement of TPH each exclude some
portion of TPH and are unable to measure TPH alone while excluding all other organic compounds, thus making TPH
a method-defined parameter. After consideration of all the information presented above, the GRO and DRO
analytical methods were selected for TPH measurement for the demonstration. However, because of the general

interest in higher-boiling-point petroleum products, the integration range of the DRO method was extended to include
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compounds with boiling points up to 540 °C. Thus, for the demonstration, the TPH concentration is the sum of all
organic compounds that have boiling points between 60 and 540 °C and that can be chromatographed, or the sum of
the results obtained using the GRO and DRO methods. This approach accounts for most gasoline, including MTBE,
and virtually all other petroleum products and excludes a portion (25 to 50 percent) of the heavy lubricating oils.
Thus, TPH measurement for the demonstration includes PHCs as well as some organic compounds that are not PHCs.
More specifically, TPH measurement does not exclude nonpetroleum organic compounds such as chlorinated
solvents, other synthetic organic chemicals such as pesticides and PCBs, and naturally occurring oils and greases.
A silica gel fractionation step used to remove polar, biogenic compounds such as fatty acids in some GC/FID methods
is not included in the sample preparation step because, according to the State of California, this step can also remove
some petroleum degradation products that are also polar in nature (California Environmental Protection Agency
1999). The step-by-step approach used to select the reference method for the demonstration and the project-specific
procedures implemented for soil sample preparation and analysis using the reference method are detailed in

Chapter 5.
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Chapter 2
Innovative Technology and Field Measurement Device Descriptions

This chapter describes the seven innovative TPH field measurement devices that will be demonstrated and the

technologies upon which they are based. Table 2-1 identifies the technologies, devices, and device developers.

Table 2-1. Summary of Technologies, Measurement Devices, and Device Developers

Technology Measurement Device Measurement Device Developer

Friedel-Crafts alkylation reaction and RemediAid™ Total Petroleum Hydrocarbon Starter Kit CHEMetrics, Inc., and

colorimetry AZUR Environmental Ltd

Infrared analysis Infracal® TOG/TPH Analyzer, Models CVH and HATR-T Wilks Enterprise, Inc.
OCMA-350 Oil Content Analyzer Horiba Instruments, Incorporated

Emulsion turbidimetry PetroFLAG™ Hydrocarbon Test Kit for Soil Dexsil® Corporation

Ultraviolet fluorescence spectroscopy Synchronous Scanning Luminoscope Environmental Systems Corporation
siteLABe Analytical Test Kit UVF-3100A siteLABe Corporation

Immunoassay and colorimetry EnSys Petro Test System Strategic Diagnostics, Inc.

The performance results generated during the demonstration of each device will be compared to the results obtained
using a modified, off-site laboratory measurement method—that is, a reference method. For the demonstration, the
reference method for measuring TPH is based on SW-846 Method 8015B (EPA 1996). First, soil samples will be
extracted using (1) SW-846 Methods 5030B and 5035 for GRO and (2) SW-846 Method 3540C for extended diesel
range organics (EDRO), as appropriate. The extracts will then be analyzed for GRO and EDRO using SW-846
Method 8015B (modified). The GRO and EDRO concentrations thus obtained will be summed to estimate the TPH

concentration. Chapter 9 further discusses the SW-846 methods that will be used for the demonstration.
Section 2.1 describes the technologies upon which the devices are based, and Section 2.2 describes the devices that

will be demonstrated. The technology and device descriptions presented in this chapter will be used to evaluate the

developers’ field activities during the demonstration.
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2.1 Technology Descriptions

This section describes the technologies upon which the field measurement devices are based. In general, TPH
measurement by these devices involves extraction of PHCs in soil using an appropriate solvent followed by
measurement of the TPH concentration in the extract using an optical method. The extraction solvent is selected such
that it will not interfere with the optical measurement of TPH in the extract. Some of the devices use light in the
visible wavelength range, and others use light outside the visible wavelength range (for example, infrared). The
wavelength range that each device uses is illustrated in Figure 2-1. Use of visible light to measure TPH
concentrations requires development of a color whose intensity is a measure of TPH concentration. For

measurements that do not us visible light, color development is not required.

The optical measurements made by the devices involve absorbance, reflectance, or fluorescence. In general, the
optical measurement for a soil extract is compared to a calibration curve in order to determine the TPH concentration.
Calibration curves are developed by (1) using a series of calibration standards selected based on the type of PHCs
being measured at a site or (2) establishing a correlation between off-site laboratory measurements and field

measurements for selected, site-specific soil samples.

The technology descriptions presented below are not intended to provide complete operating procedures for
measuring TPH concentrations in soil using the devices. For example, soil sample extraction procedures are not
discussed in this section because the soil extraction step is common to all the devices, although different solvents may
be used for extraction. Detailed operating procedures for the devices, including soil extraction procedures, are

presented in Section 2.2.

2.1.1 Friedel-Crafts Alkylation Reaction and Colorimetry

TPH measurement in soil using the RemediAid™ Total Petroleum Hydrocarbon Starter Kit (RemediAid™ starter
kit) is based on a combination of the Friedel-Crafts alkylation reaction and colorimetry. Collectively, these two

technologies are suitable for measuring aromatic hydrocarbons independent of their carbon range. These

technologies are described below.
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Figure 2-1. Wavelength range used by each measurement device.
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2.1.1.1 Friedel-Crafts Alkylation Reaction

The Friedel-Crafts alkylation reaction involves reaction of an alkyl halide, such as dichloromethane (CH,Cl,), with
an aromatic hydrocarbon, such as benzene (C¢H), in the presence of a solid-phase metal halide catalyst, such as

anhydrous aluminum chloride (AIClL,) (Fox 1994).

The first step in the reaction is the metal halide, anhydrous AICl,, reacting with the alkyl halide, CH,Cl,, as shown
in Equation 2-1. An alkyl halide is a molecule that contains at least one carbon-chlorine bond. The metal halide
polarizes the carbon-chlorine bond or bonds of the alkyl halide, causing the positively charged carbocation (‘CH,Cl)
and negatively charged metal halide ions to separate. This separation results in an intermediate ("CH,CI), which is

a positively charged ion whose charge resides on the carbon atom.
CH,Cl, +AICl, ; *CH,CI + AICI, (2-1)

In the second step of the reaction, the carbocation attaches to the aromatic hydrocarbon, C,H, producing an

intermediate as shown in Equation 2-2.

+  CH,CI
*CH,Cl  + H

. (2-2)

Equation 2-2 shows one possible structure of the intermediate. The positive charge, like the aromatic double bonds,
may be on several of the ring carbon atoms. In the third step of the reaction, this sharing of the charge stabilizes the
intermediate and gives it time to react with an AICl, ion as shown in Equation 2-3. This reaction regenerates the
catalyst (anhydrous AICl,) and forms a colored reaction product (a hydrocarbon derivative) that can absorb light in
the visible range of the electromagnetic spectrum. The colored reaction product remains bound to the solid-phase

metal halide and settles to the bottom of the reaction mixture.

+  CH,CI
+ ACl,” — CH,CI + HCI + AICI, (2-3)
H

The concentration of the aromatic hydrocarbon in the reaction mixture is determined by comparing the intensity of

the colored reaction product with photographs of standards (color charts) or by using a reflectance spectrophotometer
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that can measure the concentration of the colored reaction product in the visible range of the electromagnetic
spectrum. The intensity of the color produced is directly proportional to the concentration of the aromatic

hydrocarbon present.

The RemediAid™ starter kit is based on a modified version of the Friedel-Crafts alkylation reaction. The modified
version has the same reaction steps as the classical Friedel-Crafts alkylation reaction described above except that the
colored reaction product is not bound to the solid-phase metal halide but remains in the liquid phase of the reaction
mixture. This effect is achieved by using the alkyl halide in amounts exceeding the stoichiometry. The TPH
concentration in the reaction mixture is determined by comparing the intensity of the colored reaction product with
color charts or by using an absorbance spectrophotometer. Color measurement and concentration estimation are

further discussed in Section 2.1.1.2.

2.1.1.2 Colorimetry

Colorimetry is a technique by which the intensity of color is assessed using visual or spectrophotometric means. Use
of a spectrophotometer is preferred over visual assessment of color charts because the spectrophotometer provides
a more accurate and precise measurement and does not rely on a person’s skill in interpreting color charts. A
reflectance spectrophotometer measures the intensity of light reflected from solid particles in a reaction mixture, and
an absorbance spectrophotometer measures the intensity of light that passes through the liquid portion of a reaction
mixture. For the classical Friedel-Crafts alkylation reaction (Equations 2-1 through 2-3), a reflectance
spectrophotometer is used because the colored reaction product is bound to a solid-phase metal halide. The
RemediAid™ starter kit uses an absorbance spectrophotometer because the colored reaction product is present in the

liquid phase. Therefore, this section describes colorimetry using an absorbance spectrophotometer.

When a spectrophotometer is used in the visible wavelength range, the reaction mixture is placed in a glass or quartz
cuvette that is then inserted into the spectrophotometer and covered with an opaque light shield. A beam of visible
light is then passed through the reaction mixture. The wavelength of the light entering the reaction mixture is initially
selected by performing a series of absorbance measurements over a range of wavelengths; the selected wavelength

generally provides maximum absorbance and allows target compound measurement over a wide concentration range.

Some of the light is absorbed by the chemicals in the reaction mixture, and the rest of the light passes through.
Absorbance, which is defined as the logarithm of the ratio of the radiant power of the light source to that of the light
that passes through the reaction mixture, is measured by a photoelectric detector in the spectrophotometer (Fritz and

Schenk 1987). Absorbance can be calculated using Equation 2-4.
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A =log (Iy/l) (2-4)

A = Absorbance
Intensity of light source
| = Intensity of light that passes through the reaction mixture

Therefore, the intensity of the light that passes through the reaction mixture is inversely proportional to the
concentration of target compounds in the reaction mixture, or the intensity of the light absorbed by the reaction

mixture is directly proportional to the concentration of target compounds in the reaction mixture.

According to Beer-Lambert’s law, Equation 2-4 may be expressed as shown in Equation 2-5.

A= bc (2-5)

where
A = Absorbance
Molar absorptivity (centimeter per mole per liter)
b = Light path length (centimeter)
¢ = Concentration of absorbing species (mole per liter)

Thus, according to Beer-Lambert’s law, the absorbance of a chemical species is directly proportional to the
concentration of the absorbing chemical species and the path length of the light passing through the reaction mixture.
In Equation 2-5, the molar absorptivity is a proportionality constant, which is a characteristic of the absorbing species
and changes as the wavelength changes. Therefore, Beer-Lambert’s law applies only to monochromatic light (light

of one wavelength).
After the absorbance of the reaction mixture is measured, the TPH concentration is determined by comparing the

absorbance reading for the reaction mixture to absorbance values for a series of reference standards, which are plotted

on a calibration curve.

2.1.2 Infrared Analysis

TPH measurement in soil using the Infracal® TOG/TPH Analyzer and the OCMA-350 Oil Content Analyzer
(OCMA-350) is based on infrared analysis. This technology is suitable for measuring aromatic and aliphatic

hydrocarbons independent of their carbon range.

Each infrared field measurement device contains a nondispersive infrared (NDIR) spectrophotometer equipped with

an infrared radiation source and a filter to isolate the desired wavelength. The NDIR spectrophotometers offer
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several advantages over conventional, scanning infrared spectrophotometers. A scanning infrared spectrophotometer
takes about 1 to 3 minutes to scan a sample and has moderate sensitivity and stability, whereas an NDIR

spectrophotometer can achieve a stable reading in about 5 seconds and has greater sensitivity and stability.

The general procedure for infrared analysis of a sample extract for TPH involves the same principles as are described
in Section 2.1.1.2 except that light in the infrared wavelength range is used instead of visible light. Measurement of
PHCs using infrared analysis involves absorbance measurement because the carbon-hydrogen bonds in the
hydrocarbons absorb infrared light. During infrared analysis, absorbances associated with CH, CH,, and CH,
configurations are measured at a wavelength of about 3,400 nanometers (nm). Specifically, infrared devices that
operate in the 3,380- to 3,500-nm wavelength range should be able to measure CH (3,380 nm), CH, (3,420 nm), and
CH; (3,500 nm) configurations (Simard and others 1951). The absorbance of a sample extract thus measured is
directly proportional to the concentration of PHCs present in the extract in accordance with Beer-Lambert’s law (see

Section 2.1.1.2).

2.1.3 Emulsion Turbidimetry

TPH measurement in soil using the PetroFLAG™ Hydrocarbon Test Kit for Soil (PetroFLAG™ test kit) is based on
emulsion turbidimetry. This technology is suitable for measuring aromatic and aliphatic hydrocarbons in the Cs

through C,, carbon range.

Turbidimetry may be described as measurement of the attenuation, or loss in intensity, of a light beam as the beam
passes through a solution with particles large enough to scatter the light. Emulsion turbidimetry involves
measurement of attenuation of light by an emulsion (in an emulsion, one liquid is stably dispersed in a second,
immiscible liquid). A direct relationship that follows Beer-Lambert’s law exists between the amount of light

attenuated and the concentration of the emulsion (McGraw-Hill 1984).

For emulsion turbidimetry, a sample extract is added to a vial containing an aqueous, polar developer solution. The
developer solution acts as an emulsifier, causing the aromatic and aliphatic hydrocarbons in solution to precipitate
out and form uniformly sized micelles. Micelles are electrically charged, colloidal particles composed of aggregates
oflarge molecules that are stable for some time. The vial containing the resulting emulsion is placed in a turbidimeter.
A turbidimeter is similar to the reflectance spectrophotometer described in Section 2.1.1.2 except that the
spectrophotometer measures the amount of light reflected by a solution and the turbidimeter measures the amount of
light scattered by an emulsion. In the turbidimeter, light at a wavelength of 585 nm is passed through the emulsion,

and the amount of light scattered by the emulsion at a 90-degree angle is measured. A wavelength of 585 nm is
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typically used because the maximum amount of light is scattered by the emulsion at this wavelength. The TPH
concentration in the emulsion is then determined by either comparing the turbidity reading for the emulsion to that

of a reference standard or a standard calibration curve.

2.1.4 Ultraviolet Fluorescence Spectroscopy

TPH measurement in soil using the Synchronous Scanning Luminoscope (Luminoscope) and the siteLABe Analytical
Test Kit UVF-3100A (UVF-3100A) is based on ultraviolet fluorescence spectroscopy. This technology is suitable

for measuring aromatic hydrocarbons independent of their carbon range.

When a sample extract containing both aromatic and aliphatic hydrocarbons is exposed to ultraviolet light, only the
aromatic hydrocarbons are excited. The aromatic hydrocarbons then emit light at specific wavelengths that are longer
than the excitation wavelength. The intensity and wavelength of the light emitted can be measured, and correlated
to the aromatic hydrocarbon concentration in the sample extract. Figure 2-2 shows a schematic of the general process
of measurement using ultraviolet fluorescence spectroscopy. The excitation and emission optics may consist of
optical lenses that are used to focus light on an optical filter or monochromator. A monochromator is a series of

optical filters that reduce a multiple-wavelength light beam to a single-wavelength beam.

In ultraviolet fluorescence spectroscopy, a multiple-wavelength lamp that emits light in the ultraviolet range is used
as a light source. Figure 2-1 shows ultraviolet light in relation to the electromagnetic spectrum. The ultraviolet light
is directed through the excitation optics. The resulting focused light energy from the excitation optics is used to
irradiate the sample extract under analysis. Some of the light energy is absorbed by the molecules of the aromatic

hydrocarbons in the sample extract, resulting in excitation of those molecules.

When the excited molecules return to a stable state by losing energy, the energy emitted has longer wavelengths than
those of the energy absorbed by the molecules. The emission optics are placed at a 90-degree angle to the excitation
optics, and the longer-wavelength energy emitted by the molecules passes through the emission optics and is detected
by a photomultiplier tube. The photomultiplier tube detects and amplifies the energy and converts it into an electrical
signal that is used to determine the intensity of the light energy emitted. The emission optics and photomultiplier
tube are placed at a 90-degree angle to the light source in order to minimize the light source interference detected by

the photomultiplier tube.
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Figure 2-2. Schematic of ultraviolet fluorescence spectroscopy.

any of the peaks correspond to known groups of hydrocarbons. To determine the relationship between the
fluorescence intensity and the aromatic hydrocarbon concentration of a sample extract, a calibration curve can be
generated using site-specific TPH, GRO, or EDRO concentrations or known standards selected based on the type of

PHCs being measured at a site.

2.1.5 Immunoassay and Colorimetry

TPH measurement in soil using the EnSys Petro Test System is based on a combination of immunoassay and
colorimetry. This combination of technologies is suitable for measuring a large portion of the aromatic hydrocarbons

and a few aliphatic hydrocarbons in the C, through C,, carbon range. Immunoassay and colorimetry are described

below.
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2.1.5.1 Immunoassay

Immunoassay is a technique for measuring a target compound’s concentration using biologically engineered
antibodies. Antibodies are a class of proteins known as immunoglobulins that are produced by the immune system
of animals in response to a foreign substance (an antigen). The antibodies produced can bind with the antigen that
stimulated their production. Specifically, antibodies are produced in response to localized, reactive sites called
antigenic determinants on the surface of the antigen. Antigenic determinants consist of amino acid sequences
(Rittenburg 1990). Because an antigen may possess more than one type of antigenic determinant, more than one type
of antibody may be produced by the immune system. In general, the antibodies produced are structured in such a way
that they selectively bind to the antigenic determinants on the antigen that stimulated their production, resulting in

formation of an antibody-antigen complex.

Five major classes of antibodies (immunoglobulin [Ig] A, IgD, IgE, IgG, and IgM) are produced by the immune
system. IgG is the most common type of antibody used in immunoassay (Rittenburg 1990). IgG is a Y-shaped
molecule consisting of two identical heavy polypeptide chains and two identical light polypeptide chains bound
together by disulfide bonds. Both the heavy and light chains have variable and constant regions. The variable regions
at the ends of the two arms of the Y-shaped antibody form areas called antigen-binding sites; therefore, two antigen-

binding sites are present on each antibody. The general structure of the IgG antibody is shown in Figure 2-3.

The dimensions and contours of antigen-binding sites are determined by the sequence of amino acids in the variable
regions of the antibody. On a single antibody molecule, the two binding sites have identical variable regions. As a
result, the two binding sites have identical specificity for a particular antigenic determinant (Rittenburg 1990).

However, the binding sites of antibodies produced in response to different antigenic determinants are not the same.

The binding affinity between an antibody and antigen is determined by (1) the sequence of amino acids in the variable
regions of the antibody, (2) the structure and location of the antigenic determinant on the antigen, and (3) the attractive
forces that stabilize the antibody-antigen complex. The attractive forces include a combination of hydrogen bonds,
hydrophobic bonds, coulombic interaction, and van der Waals forces (Rittenburg 1990). The closer the antigenic

determinant is to the antigen-binding site on the antibody, the higher the binding affinity.

Immunoassays employ either polyclonal or monoclonal antibodies. Because an antigen generally contains more than
one type of antigenic determinant, more than one type of antibody may be produced in the immune response.
Therefore, the antibodies produced are not identical and are called polyclonal antibodies. Because polyclonal

antibodies are not identical, they will, as a group, exhibit varied specificities and binding affinities for antigenic

26



Antigen-binding
sites

Light
chain

S—S
L. S—S4
S S
Ch Ch

S S
-|S T_
S S

Notes

-S-S- = Disulfide bond

Cc = Constant region

H = Heavy polypeptide chain

L = Light polypeptide chain

\% = Variable region

Figure 2-3. Immunoglobulin G antibody structure and locations of antigen-binding sites.

determinants. Monoclonal antibodies are produced by isolating those antibodies produced in response to one type
of antigenic determinant. As a result, monoclonal antibodies are structurally identical and exhibit the same

specificities and binding affinities for the antigenic determinant that stimulated their production.
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Although an antibody has a particular specificity and binding affinity for the antigenic determinant that produced the
antibody, cross-reactivity with other compounds may occur. For example, cross-reactivity may occur when the
antigenic determinant that stimulated the antibody’s production is present in other compounds (SDI 2000). Cross-
reactivity may also occur with other compounds that possess structurally similar antigenic determinants (Rittenburg

1990).

Immunoassay effectiveness is primarily a function of (1) the specificities and binding affinities of the polyclonal or
monoclonal antibodies used and (2) whether one compound or a group of compounds is being measured. For
example, cross-reactivity will result in false positives when only one compound is being measured. However, cross-
reactivity is desirable when a group of compounds, such as PHCs, is being measured. Whether polyclonal or
monoclonal antibodies are better suited for measuring PHCs depends on the individual antibodies used; for example,

highly cross-reactive, monoclonal antibodies can be as effective as less cross-reactive, polyclonal antibodies.

The EnSys Petro Test System is based on a type of immunoassay called enzyme-linked immunosorbent assay
(ELISA). ELISA uses either polyclonal or monoclonal antibodies adsorbed to the inside wall of a test tube in order
to facilitate separation of target compounds from nontarget compounds during a washing step. In ELISA, an enzyme
conjugate solution is used to produce color whose intensity is inversely proportional to the total concentration of
PHCs in a sample extract. ELISA involves the following three steps: (1) enzyme conjugate and sample extract
addition, (2) washing, and (3) color development. These steps are described below and are illustrated in Figure 2-4.
The intensity of the color produced during color development is measured using standard colorimetric principles as

described in Section 2.1.5.2.

Enzyme Conjugate and Sample Extract Addition. As a first step, an enzyme conjugate solution is added to the
soil sample extract. An enzyme conjugate is an enzyme bound to a target compound. The antigen used to initiate
antibody production is also used as the target compound portion of the enzyme conjugate. The enzyme portion of
the enzyme conjugate plays its role in ELISA during the color development step; the enzyme typically used in ELISA
is horseradish peroxidase. The reaction mixture containing the sample extract and enzyme conjugate solution is
added to an antibody-coated test tube. Because both the sample extract target compound and the enzyme conjugate
can bind with the antibodies, the sample extract target compound and the enzyme conjugate compete for the antigen-
binding sites on the antibodies. The sample extract target compound and the enzyme conjugate bind to the antibodies
in direct proportion to their relative concentrations in the reaction mixture. For example, the greater the ratio of the
sample extract target compound concentration to the enzyme conjugate concentration, the greater the proportion of

antigen-binding sites that are occupied by the sample extract target compound.

28



Step Schematic Description
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Figure 2-4. Enzyme-linked immunosorbent assay.

Washing. The sample extract target compound and the enzyme conjugate that are bound to the antibodies are
separated from the unbound sample extract target compound and enzyme conjugate by emptying the reaction mixture

from the test tube and washing the test tube with potable water.

Color Development. A substrate, such as hydrogen peroxide, and a chromogen, such as tetramethylbenzidine or
orthophenylenediamine, are then added to the test tube in order to produce color when they react with the enzyme
in the enzyme conjugate. For example, the enzyme horseradish peroxidase reacts with the hydrogen peroxide to
release a proton, which in turn reduces the tetramethylbenzidine or orthophenylenediamine to form the colored
product. After a specified period of time, color development in the test tube is terminated using a stopping solution
such as hydrochloric acid. The amount of color formed is directly proportional to the amount of enzyme conjugate

bound to the antibodies. Because the sample extract target compound competes with the enzyme conjugate for
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antigen-binding sites, ELISA results in formation of color in the test tube whose intensity is inversely proportional
to the concentration of the sample extract target compound; for example, less color indicates a higher concentration

of the sample extract target compound.

2.1.5.2 Colorimetry

After completion of color development, the concentration of PHCs in the sample extract is determined using
colorimetry. During colorimetry, the intensity of the color is assessed by measuring the absorbance of the colored
reaction mixture using a differential spectrophotometer. The differential spectrophotometer is a double-beam
instrument in which two equivalent beams of light are produced within the visible range of the electromagnetic
spectrum. One beam passes through the colored reaction mixture developed using the sample extract, while the other
beam passes through a colored reaction mixture developed using a reference standard. The spectrophotometer
measures the difference in absorbance between the two colored reaction mixtures. A positive reading on the
spectrophotometer indicates that the concentration of PHCs in the sample extract is less than that in the reference
standard. Similarly, a negative reading on the spectrophotometer indicates that the concentration of PHCs in

the sample extract is greater than that in the reference standard.

2.2 Field Measurement Device Descriptions

This section describes the seven innovative TPH field measurement devices that will be demonstrated. Field
measurement devices may be categorized as quantitative, semiquantitative, and qualitative. These categories are

explained below.

. A quantitative measurement device measures TPH concentrations ranging from its reporting limit through
its linear range. The measurement result is reported as a single, numerical value that has an established
precision and accuracy.

. A semiquantitative measurement device measures TPH concentrations above its reporting limit. The
measurement result may be reported as a concentration range with lower and upper limits.

. A qualitative measurement device indicates the presence or absence of PHCs above or below a specified
value (for example, the reporting limit or an action level).

Each of the seven devices that will be demonstrated produces either quantitative or semiquantitative results. The
device descriptions presented in Sections 2.2.1 through 2.2.7 identify the type of results produced by each device.

Performance data included in the device descriptions were provided by the device developers.
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2.2.1 RemediAid™ Starter Kit

The RemediAid™ starter kit, a quantitative test kit developed by CHEMetrics, Inc. (CHEMetrics), and AZUR
Environmental Ltd (AZUR) in conjunction with Shell Research Ltd. and manufactured by CHEMetrics, is based on
a combination of the Friedel-Crafts alkylation reaction and colorimetry discussed in Section 2.1.1. The kit has been
commercially available since 1998. This section describes the kit, presents its operating procedure, and discusses its

advantages and limitations.

2.2.1.1 Device Description

As stated in Section 2.1.1, the Friedel-Crafts alkylation reaction involves reaction of an alkyl halide with an aromatic
compound in the presence of a metal halide. The RemediAid™ starter kit uses CH,Cl, as both the alkyl halide and
extraction solvent and uses anhydrous AlCl;as the metal halide. When excessive CH,Cl, is used, the colored reaction
product to be measured remains in the liquid phase. According to the developers of the kit, because the presence of
chlorinated solvents in the sample extract may result in false positive results, a premeasured volume of CH,Cl, is
included with the kit in a sealed, single-use, double-point ampule. A known volume of CH,Cl, is used so that this
value can be incorporated into the sample extract concentration calculation as described in the kit operating procedure
(see Section 2.2.1.2). Anhydrous AICI, is used because it is the most sensitive metal halide and it provided the most
accurate recoveries for various types of hydrocarbons during laboratory tests performed by CHEMetrics and AZUR.
As described in Section 2.1.1.2, the kit uses an absorbance LED-based photometer and measures sample extract

absorbance using visible light of a 430-nm wavelength.

According to CHEMetrics and AZUR, the RemediAid™ starter kit responds to all hydrocarbon products as long as

they contain aromatic hydrocarbons. The kit can respond to aromatic hydrocarbons independent of their carbon range.

For optimum performance, the spectrophotometer should be used in environments with a temperature range of 0 to
50 °C and with a maximum relative humidity of 95 percent, and it should not be stored at temperatures greater than
32 °C. The kit does not require any other special storage conditions because its chemicals are vacuum-sealed and are

therefore not susceptible to degradation.
According to CHEMetrics and AZUR, the method detection limit (MDL), precision, and accuracy that can be

achieved with the RemediAid™ starter kit vary depending on the reactivity of the hydrocarbons being measured. No

information is available on the MDL, precision, and accuracy for soil sample extracts. However, assuming that
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a sample extract does not require dilution before analysis, the following MDL, precision, and accuracy ranges
generally apply to the kit: MDLs ranging from 2.0 mg/L for weathered gasoline to 10 mg/L for heavy oil, precision
values ranging from 2.0 mg/L for weathered gasoline to plus or minus (+) 11.0 mg/L for heavy oil, and accuracy

values ranging from -4.8 mg/L for weathered gasoline to + 31.3 mg/L for heavy oil.

A kit user must first purchase the RemediAid™ starter kit and may then purchase replenishment kits thereafter.
Table 2-2 lists the components of the RemediAid™ starter kit and the replenishment kit. The RemediAid™ starter
kitincludes enough supplies to perform 8 soil analyses, and the replenishment kit includes enough supplies to perform

16 more soil analyses.

The components of the RemediAid™ starter kit are packaged in a carrying case that is 13.75 inches long, 15.5 inches
wide, and 4.5 inches deep. The replenishment kit components are packaged in a box that is 9.25 inches long,
10.25 inches wide, and 4.5 inches deep. A kit user needs to provide disposable gloves, safety glasses, and a disposal
pipet or syringe capable of measuring 5 mL. The photometer operates on one 9-volt battery; weighs 0.43 pound; and

is 6.0 inches long, 2.4 inches wide, and 1.25 inches deep.

The RemediAid™ starter kit (Model No. TPH0001) can be purchased for $800, and the replenishment kit (Model
No. TPH0002) can be purchased for $240. Kit components may also be purchased individually from the developers.

The RemediAid™ starter and replenishment kits are not available for rental.

According to CHEMetrics, one technician can perform 16 analyses in about 1 hour using the kit. All kit reagents are
premeasured and contained in vacuum-sealed ampules. Only one technician is required to perform analyses using
the RemediAid™ starter kit. The kit is designed to be used by those with basic wet chemistry skills. CHEMetrics

provides technical support over the telephone at no additional cost.

According to the developers, the RemediAid™ starter kit is innovative because the colored reaction product remains
in the liquid phase, which allows measurement of color intensity using a portable absorbance spectrophotometer.
According to the developers, portable versions of reflectance spectrophotometers are not commercially available,
making interpretation of a solid colored reaction product impossible in the field. All chemicals supplied as part of
the RemediAid™ starter and replenishment kits are vacuum-sealed, which minimizes user contact with reagents and

eliminates the need for pipetting and measuring skills, thus minimizing the possibility of user error.
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Table 2-2. RemediAid™ Starter and Replenishment Kit Components

Starter Kit Components

Battery-powered balance (9-volt battery included)

Battery-powered timer (AAA battery included)

Battery-powered, portable photometer (9-volt battery included)

8 double-tipped ampules containing 20 milliliters each of dichloromethane
8 vacuum-sealed ampules containing anhydrous aluminum chloride and filtering columns
Anhydrous sodium sulfate (50 grams)

8 extraction cleanup tubes and caps containing Florisil

8 reaction tubes and caps containing sodium sulfate

8 small, silicone ampule caps

8 weighing boats

Tip-breaking tool

Light shield

Ampule rack that holds 36 ampules

Reaction tube plug/snapper

Spatula

Reagent blank ampule

Test procedure manual and simplified instruction card

Material Safety Data Sheets

Carrying case

Replenishment Kit Components

16 double-tipped ampules containing 20 milliliters each of dichloromethane

16 vacuum-sealed ampules containing anhydrous aluminum chloride and filtering columns
16 extraction cleanup tubes and caps containing Florisil

16 reaction tubes and caps containing sodium sulfate

16 weighing boats

2.2.1.2 Operating Procedure

Measuring TPH in soil using the RemediAid™ starter kit involves the following three steps: (1) extraction/extraction

clean-up, (2) color development, and (3) color measurement. These three steps are detailed below. Calibration

procedures and QC checks required for the device are presented in Chapter 8.

Step 1 - Extraction

Measure 5 grams of soil sample.

Transfer the soil sample to the reaction tube containing anhydrous sodium sulfate, a drying agent for
removing moisture from the soil sample. Cap the tube, and shake it briefly to obtain a uniform, free-flowing
mixture. If the sample still appears to be wet or does not form a granular, uniform mixture, add more
anhydrous sodium sulfate, and shake the tube vigorously until a uniform, free-flowing mixture is obtained.
If necessary, use a spatula to break up clumps of wet soil.

Hold the double-tipped ampule containing 20 milliliters (mL) of solvent (CH,Cl,) over the reaction tube, and
snip off the top end of the ampule using the green, tip-breaking tool.

Carefully invert the ampule over the reaction tube. Snip off the other end of the ampule to allow the solvent
to flow freely into the reaction tube. Cap the reaction tube, and shake it vigorously for 3 minutes.
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Let the reaction tube stand undisturbed for 2 minutes, and allow the soil to settle to the bottom of the tube.

Decant the extract to an extraction clean-up tube containing 2.0 grams of Florisil, using care not to transfer
any soil to the extraction clean-up tube. Florisil is an activated magnesium silicate used as a polar adsorbent
to minimize interference from natural organic material (for example, humic substances). Cap this reaction
tube, and shake it for 1 minute. Allow the Florisil to settle for approximately 2 minutes.

Remove the cap from the reaction tube, and replace the cap with the reaction tube plug/snapper, a round,
white plug with a small hole in the center.

Step 2 - Color Development

2.

3.

Push a filtering column onto the tip of the vacuum-sealed ampule containing anhydrous AICI, until the
column fits snugly.

Insert the column and ampule assembly through the hole in the reaction tube plug/snapper up to the blue line
on the ampule. While holding the reaction tube, gently pull the ampule to one side in order to snap the
ampule tip. The ampule will then slowly draw liquid from the reaction tube.

Withdraw the column and ampule assembly from the reaction tube, and invert the assembly. Remove the
column.

Firmly place a small, silicone ampule cap on the tip of the ampule, and invert the ampule every 2 minutes for
10 minutes. Then let the ampule stand undisturbed for 10 minutes. Depending on the concentration and type
of hydrocarbon present, the solvent in the ampule will turn a yellow to orange-brown color. If the ampule
appears to be cloudy after 10 minutes of standing, wait an additional 5 to 10 minutes for the cloudiness to
settle out. Do not let the ampule stand longer than 1 hour before placing it in the spectrophotometer, as this
may result in a small positive bias.

Step 3 - Color Measurement

1.

3.

Immediately after allowing the ampule to stand undisturbed for 10 minutes, or after waiting for any
cloudiness to settle out, insert the reagent blank ampule into the spectrophotometer to zero the instrument.

Remove the reagent blank, insert the test ampule into the spectrophotometer, and record the absorbance.

If the absorbance is less than 0.700, use Equation 2-6 to convert the absorbance value to mg/kg TPH in the
soil sample on a wet weight basis.

[[AxS) -1]xV
w

TPH concentration in soil sample (mg/kg) = (2-6)

where

= Absorbance

Slope for a specific hydrocarbon mixture ([mg/L/A]; see the test procedure manual)
Intercept for a specific hydrocarbon mixture (mg/L; see the test procedure manual)
= Volume of extract: 20 mL

= Weight of soil sample: 5 grams

s<—o>»
|
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Note: CHEMetrics and AZUR developed S and | values by plotting absorbance on the x-axis and
concentration on the y-axis, which is the opposite of conventional practice. Hence, S and | are
expressed in concentration units of mg/L.

4. If the absorbance is equal to or greater than 0.700, perform a five-times dilution by first placing 5 mL of the
extract supernatant from item 5 of the extraction step in a reaction tube. Add the contents of a double-tipped
ampule (20 mL of CH,Cl,) to the reaction tube, cap the tube, and shake it briefly. Then follow the color
development and color measurement steps described above. Use Equation 2-7 to convert the absorbance
value to mg/kg TPH in the soil sample on a wet weight basis.

[(AxS)-1]xVx5
W

TPH concentration in soil sample (mg/kg) = (2-7)

2.2.1.3 Advantages and Limitations

An advantage of the RemediAid™ starter kit is that it is easy to operate, requiring one operator with minimal skills
in basic wet chemistry techniques. The kit provides premeasured amounts of chemicals in specially designed, single-
use ampules. The ampules are vacuum-sealed, and therefore the chemicals are not susceptible to degradation. The
single-use ampules eliminate the need for measuring and pipetting skills, minimize user contact with reagents, and
minimize the possibility of operator error. In addition, the spectrophotometer operates on a 9-volt battery, so an

alternating current (AC) power source is not required in the field.

The kit uses a drying agent (anhydrous sodium sulfate) to remove moisture from soil samples. As a result, no
correction associated with solvent dilution is required, which is necessary for wet soil samples. The kit also uses
Florisil to eliminate interferences from natural organic matter in soil. However, this practice results in removal of
polar compounds from the sample extract, including PHC degradation products (California Environmental Protection

Agency 1999).

Another advantage of the kit is that it can quantitatively measure all fuel types that contain an aromatic hydrocarbon
component. According to the developers, the kit is designed to measure aromatic hydrocarbons regardless of their
carbon range. If a site-specific calibration is performed, the kit can measure aliphatic hydrocarbons in the presence
of aromatic compounds, but a limitation of the kit is that it does not measure aliphatic hydrocarbons when aromatic

compounds are not present in the sample.
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2.2.2 Infracal® TOG/TPH Analyzer, Models CVH and HATR-T

The Infracal® TOG/TPH Analyzer, a quantitative device developed by Wilks Enterprise, Inc. (Wilks), is based on
infrared analysis as discussed in Section 2.1.2. The Infracal® TOG/TPH Analyzer is identified according to the
sample stage used in the device. The device can be operated as either Model CVH or Model HATR-T simply by
switching the sample stages. Model CVH uses the CVH sample stage, which contains a quartz cuvette, while
Model HATR-T uses the cubic zirconia horizontal attenuated total reflection sample stage. Models CVH and
HATR-T have been commercially available since 1996 and 1997, respectively. Model CVH is used when a sample
contains either GRO or GRO and EDRO; Model HATR-T cannot measure GRO. This section describes both models

of the device, presents their operating procedure, and discusses their advantages and limitations.

2.2.2.1 Device Description

Models CVH and HATR-T include a single-beam, fixed-wavelength, NDIR filter-based spectrophotometer with a

dual detector system. As stated above, the only difference between the two models involves the sample stage used.

In Model CVH, infrared radiation from a tungsten lamp is captured using an elliptical source mirror and transmitted
through a quartz cuvette that contains a sample extract. The radiation that has passed through the extract enters a dual
detector system containing filters that isolate a reference wavelength of 2,500 nm and an analytical wavelength of
3,400 nm. The reference wavelength stabilizes device response and automatically corrects absorbance values for

fluctuations in ambient temperature and relative humidity.

Model CVH is suitable for analyzing sample extracts that have been extracted from soil using Freon 113 or other
solvents invisible in the measurement range. Model HATR-T, unlike Model CVH, is based on an evaporation
technique and measures residual hydrocarbons after volatile organics evaporate from the sample extract. Therefore,
analyses using Model HATR-T result in the loss of some volatiles in the GRO range. Vertrel® MCA, a
hydrochlorofluorocarbon extraction solvent manufactured by DuPont, isused with Model HATR-T. Although hexane
can be used as the extraction solvent with Model HATR-T, Vertrel® MCA is preferred because (1) it achieves
measurement stability more quickly than hexane (in 1.5 to 2 minutes instead of 3 to 5 minutes); (2) it has a lower
boiling point than hexane, which results in fewer light-end volatile organic compounds being lost in the evaporation
process; and (3) it is less flammable than hexane, resulting in fewer disposal concerns. In addition, Model HATR-T

does not require a cuvette to contain the sample extract. The extract is transferred directly to the sample stage.
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The Infracal® TOG/TPH Analyzer presents results in units selected by the user during calibration, such as mg/kg,
mg/L, or absorbance values. According to Wilks, both Models CVH and HATR-T can measure aromatic and aliphatic
hydrocarbons. However, Model CVH can measure both GRO and EDRO, but Model HATR-T can primarily measure
EDRO. Model CVH has (1) an MDL of 3 mg/kg and is linear up to 5,000 mg/kg in soil; (2) a measurement accuracy
of = 1 percent; and (3) a measurement precision of + 1 percent. Model HATR-T has an MDL of 20 mg/kg and is
linear up to 5,000 mg/kg in soil. The Infracal® TOG/TPH Analyzer uses a point-to-point calibration to correct for
non-linearity. The Infracal® TOG/TPH Analyzer can operate in a temperature range of 4 to 43 °C and a relative
humidity range of 10 to 60 percent. When the device is not in operation, it can be stored in a temperature range

of -18 to 52 °C.

Table 2-4 lists the components of the Infracal® TOG/TPH Analyzer. The device weighs 4.5 pounds and is 6.5 inches
long, 6.5 inches wide, and 5 inches deep. Wilks offers users a field sampling kit for TPH in soil, KIT-10410-S, the
components of which are also presented in Table 2-4. Additional supplies required for TPH analysis using the

Infracal® TOG/TPH analyzer are also listed in the table.

The Infracal® TOG/TPH Analyzer has a standard, nine-pin, female DB9 connector (RS232-C) for serial data
communication. Wilks offers an optional software package, InfraWin, that allows the user to connect a personal
computer to the device and automatically download, label, and save measurement results; remotely control
measurement parameters; generate and store multiple calibration tables; and report measurement results in various
numerical and graphical formats. The built-in microprocessor in the device can store up to 10 measurement results
for use with its averaging function or for local recall and display. Measurement results may be transferred via the
serial communication interface to a serial printer or to an external personal computer. The device may be connected
to an external battery pack or an automobile cigarette lighter. The device draws only about 8 watts (0.67 ampere) of

power.

Model CVH can be purchased for $4,675. Rental is available for 15 percent of the purchase price per month. The
HATR-T sample stage can be purchased for an additional $1,150. The serial printer can be purchased from Wilks
for $695. KIT-10410-S can be purchased for $865 and includes enough supplies to perform at least 75 soil analyses.
Additional required supplies that can be purchased from Wilks include a set of four 10-mm, quartz cuvettes with
Teflon™ stoppers ($575) and the InfraWin software package ($475). Additional required supplies that cannot be
purchased from Wilks are listed in Table 2-4.
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Table 2-4. Infracal® TOG/TPH Analyzer, Models CVH and HATR-T Components

Spectrophotometer and Accessories
. Infrared spectrophotometer

. CVH or HATR-T sample stage

. Dust cover

. Power supply cable

. Instruction manual

KIT-10410-S Components

Timer (batteries included)

Battery-powered balance (batteries included)
Silica gel (60-200 mesh) (500 grams)
Teflon™ wash bottle (125 milliliters)

Glass funnel

10-milliliter, graduated cylinder

100-milliliter, graduated cylinder with stopper
Air syringe

20-milliliter, glass beaker

Spatula

50-microliter pipette with pipette tips (pack of 50)
250-milliliter syringe

40-milliliter vials (box of 50)

Extraction reservoirs (box of 50)

Reservoir sealer

Extraction procedure instructions

Additional Required Supplies that Can Be Purchased from Wilks
. 10-millimeter, quartz cuvettes
. 50-millimeter, quartz cuvette and holder

Additional Required Supplies that Cannot be Purchased from Wilks

. Extraction solvents (Freon 113 or Vertrel® MCA)

. Seven standards (104; 208; 260; 389; 519; 778; and 1,038 milligrams per liter) of 3-IN-ONE oil in Freon 113 in sealed cuvettes for
Model CVH (standards for Model HATR-T will be prepared in Vertrel® MCA solvent on site)

100-microliter, glass syringe

One 3-ounce bottle of 3-IN-ONE oil

4-ounce, high-density polyethylene, disposable bottles

Disposable eye droppers

According to Wilks, the average sample extraction and analysis time for Models CVH and HATR-T is 10 to
15 minutes per sample. Both models are easy to use. Normal training for using each model involves reading the

instruction manual. Wilks also provides technical support over the telephone at no additional cost.

According to Wilks, Models CVH and HATR-T are innovative TPH field measurement devices because their
spectrophotometer uses a pulsed, infrared light source instead of a “chopper,” which mechanically “chops” the light
beam to turn the radiation signal on and off. The chopper, which is a primary component of most conventional
spectrophotometers, requires more maintenance to prevent drift than does the pulsed, infrared light source. In

addition, Model HATR-T does not use Freon 113, which is expensive and is being phased out of use.
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2.2.2.2

Operating Procedure

Measuring TPH in soil using Models CVH and HATR-T involves the following three steps: (1) extraction,

(2) measurement of TPH in the extract, and (3) calculation of the TPH concentration in soil. These steps are described

below for both models. In these steps, operating procedures specific to Model CVH are identified as “(a)”” and to

Model HATR-T are identified as “(b).” Calibration procedures and QC checks required for the Infracal® TOG/TPH

Analyzer are presented in Chapter 8.

Step 1 -

Step 2 -

Extraction

Measure 20 grams of soil sample, and place the measured amount in a 40-mL vial.

Add 2 to 5 grams of 60-200 mesh silica gel to the vial, depending on the soil’s moisture content. Cap and
shake the vial, and ensure that its contents are free-flowing.

Add 20 mL of (a) Freon 113 or (b) Vertrel® MCA to the vial.

Cap the vial, and shake it vigorously for 2 minutes. Then let the vial stand for up to 2 minutes in order to
allow the soil and sample extract to separate.

Decant the sample extract into an extraction reservoir with a filter frit (to capture large particles) and a silica
gel cartridge (to capture small particles and remove natural hydrocarbons). Leave as much of the soil in the
vial as possible.

Seal the extraction reservoir with a sealer, and insert the tip of the air syringe into the sealer.

Place the tip of the extraction reservoir over the vial, and push down on the air syringe plunger so that the
sample extract drips slowly into the vial.

Discard the first 1 mL (4 or 5 drops) of sample extract in the vial.

Measurement of TPH in Extract

(a) Place the tip of the extraction reservoir over a 10-mm, quartz cuvette, and allow the rest of the sample
extract to drip into the cuvette until the cuvette is full.

(b) Place the tip of the extraction reservoir over a beaker, and allow the rest of the sample extract to drip
into the beaker. Immediately collect 50 microliters (uL) of the sample extract from the beaker using
a pipette.

(a) Insert the quartz cuvette into the CVH sample stage, and record the sample extract concentration in
mg/L.
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(b) Transfer the sample extract from the pipette onto the center of the HATR-T sample stage, allow the
sample extract to evaporate, and record the residual sample extract concentration in mg/L.

Step 3 - Calculation of TPH Concentration in Soil

Because the infrared spectrophotometer can measure the soil TPH concentration in mg/kg on a wet weight basis, no
additional calculations are required. However, any variations from the soil sample amount or reagent amount
specified in Step 1 or any sample dilutions should be factored into a calculation of the TPH concentration.

2.2.2.3 Advantages and Limitations

An advantage of the Infracal® TOG/TPH Analyzer is that it is easy to operate, requiring one person with basic wet
chemistry skills. It has no moving parts that require optical alignment or adjustment, and it uses a pulsed, infrared
light source instead of a chopper to prevent measurement fluctuations resulting from mechanical wear. The chopper,
which is a primary component of most conventional spectrophotometers, requires more maintenance than does the
pulsed, infrared light source. In addition, the devices can be operated using either a direct current (DC) power source

such as an automobile cigarette lighter or an external battery pack; an AC power source is not required in the field.

Model CVH can measure all TPH fuel types and is designed to measure both aromatic and aliphatic hydrocarbons
independent of their carbon range. Model HATR-T can also measure both aromatic and aliphatic hydrocarbons

primarily in the EDRO range.

Model CVH can use Freon 113, a chlorofluorocarbon (CFC), as the extraction solvent. CFCs that are discharged to
the atmosphere are primary contributors to depletion of the earth’s stratospheric ozone layer. The United States, as
a party to the Montreal Protocol on Substances that Deplete the Ozone Layer and as required by law under the Clean
Air Act of 1990, is committed to controlling and eventually phasing out use of CFCs. As a result, Freon 113 will
become increasingly scarce and expensive. However, Model HATR-T allows use of Vertrel® MCA or hexane as the

extraction solvent instead of Freon 113.
2.2.3 OCMA-350
The OCMA-350, a quantitative device developed by Horiba Instruments, Incorporated (Horiba), is based on infrared

analysis as discussed in Section 2.1.2. The OCMA-350 has been commercially available since 1995. This section

describes the device, presents its operating procedure, and discusses its advantages and limitations.
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2.2.3.1 Device Description

The OCMA-350 includes a single-beam, fixed-wavelength, NDIR filter-based spectrophotometer. Infrared radiation
from a tungsten lamp is transmitted through a cylindrical, quartz cuvette containing a sample extract. The radiation
that has passed through the extract enters a detector containing a filter that isolates analytical wavelengths in the
3,400- to 3,500-nm range. The infrared spectrophotometer may be used to analyze soil samples that have been
extracted using Horiba’s proprietary S-316 extraction solvent, Freon 113, tetrachloroethylene, or carbon tetrachloride.
Horiba recommends its proprietary S-316 extraction solvent because it has a higher boiling point (134 °C) and a lower
freezing point (-143 °C) than other extraction solvents. In addition, the S-316 extraction solvent is nonflammable,

nontoxic, and relatively nonvolatile because of its low vapor pressure.

According to Horiba, the infrared spectrophotometer can measure both aromatic and aliphatic hydrocarbons
independent of their carbon range. The spectrophotometer’s response to aliphatic hydrocarbons is more sensitive than
its response to aromatic hydrocarbons. However, the calibration standards provided by Horiba include aromatic
hydrocarbons to compensate for the lower aromatic hydrocarbon response. The spectrophotometer presents results

in units selected by the user during calibration, such as mg/kg in soil or absorbance values.

The infrared spectrophotometer has an MDL of 1 mg/kg for TPH and is linear up to 1,000 mg/kg in soil. It can
achieve repeatability of + 2 mg/kg from 0 to 99.9 mg/kg, + 4 mg/kg from 100 to 200 mg/kg, and = 10 mg/kg from
201 to 1,000 mg/kg. No information on the spectrophotometer’s accuracy is available from Horiba. The OCMA-350

has an operating temperature range of 0 to 40 °C and an operating humidity range of 0 to 90 percent.

Components of the OCMA-350 are listed in Table 2-5. Also listed in the table are additional components available
from Horiba, including a Model SR-300 solvent reclaimer to reclaim S-316 extraction solvent and a Model GE-50
ultrasonic mixer to disperse the soil sample in the solvent. Additional components required for measuring TPH in

soil that are not available from Horiba are also listed in Table 2-5.

The infrared spectrophotometer weighs 11 pounds and is 7 inches long, 9.8 inches wide, and 11 inches deep. The
spectrophotometer can operate using a 110- or 220-volt AC power source. With the addition of a DC to AC
converter, the device can be powered by an automobile battery or cigarette lighter. The spectrophotometer is also
equipped with a parallel printer port and an RS232-C data port to allow transfer of data to a computer or other data
logger. The spectrophotometer keeps a record of the time and date of measurement along with each data set that it
records. Spectrophotometer printouts contain the time and date of each measurement along with the concentration

or absorbance value, which facilitates recordkeeping.
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Table 2-5. OCMA-350 Components

Spectrophotometer and Accessories

Infrared spectrophotometer

Proprietary, 10-millimeter, quartz cuvette with cap

25-microliter microsyringe

10-milliliter syringe

10-milliliters of B-heavy oil for preparing span adjustment solution
3.15-ampere fuse

Power supply cable

Instruction manual and simplified operating instruction sheet

Additional Components Available from Horiba
. S-316 extraction solvent

. Model SR-300 solvent reclaimer

. Model VC-50 ultrasonic mixer

Additional Components Not Available from Horiba
40-milliliter vials

100 milliliters of isooctane

100 milliliters of hexadecane

100 milliliters of chlorobenzene

Anhydrous sodium sulfate

Stainless-steel spatula

11-centimeter-diameter, No. 40 Whatman filter paper
Glass funnel

Glass beaker

Balance

Currently, Horiba does not rent its measurement devices or components. The purchase cost for the infrared
spectrophotometer and accessories listed in Table 2-5 is $6,500. Horiba offers the S-316 extraction solvent for $240
for a 1.5-kg bottle and $1,040 for a 7-kg bottle. The Model SR-300 solvent reclaimer is available from Horiba for
$1,650. Horiba offers the Model VC-50 ultrasonic mixer for $2,080. During the demonstration, Horiba will use the
Model GE-50 ultrasonic mixer, which is no longer available from the developer. According to Horiba, the
Model GE-50 and VC-50 ultrasonic mixers are functionally the same. To analyze samples using the OCMA-350, the

user must provide the additional components listed in Table 2-5 that are not available from Horiba.

According to Horiba, one person can use the OCMA-350 to perform up to 20 analyses in 1 hour. The device is
relatively easy to use. Normal training for using the device is limited to reading the instruction manual and simplified
operating instruction sheet. Horiba offers a 1-day training course to discuss operation, maintenance, and service of
the OCMA-350, but according to the developer, purchasers of the device rarely choose this option. Horiba also

provides technical support over the telephone at no additional charge.
Horiba considers the OCMA-350 to be an innovative TPH field measurement device for soil because previous devices

in the OCMA series have been used since the 1970s for measurement of oil in water, but the OCMA-350 allows the

user to determine hydrocarbon concentration in soil. The Model SR-300 solvent reclaimer is also considered to be
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innovative because it recycles the extraction solvent, which is difficult to dispose of, and thus can reduce costs by

up to 90 percent.

2.23.2

Operating Procedure

Measuring TPH in soil using the OCMA-350 involves the following three steps: (1) extraction, (2) measurement of

TPH in the extract, and (3) calculation of the TPH concentration in soil. These steps are described below. Calibration

procedures and QC checks required for the OCMA-350 are presented in Chapter 8.

Step 1 - Extraction

E

Measure 5 grams of the soil sample, and place the measured amount in a 40-mL vial.

Add 1 gram of anhydrous sodium sulfate to the vial in order to dry the soil. This is done to prevent water
damage to the quartz cuvette and clogging of the filter used below. Mix the soil and anhydrous sodium
sulfate with a stainless-steel spatula.

Add a carefully measured amount of S-316 extraction solvent (nominally 20 mL) to the vial.

Cap the vial, and mix the sample for 1 minute. During the demonstration, Horiba will use the Model GE-50
ultrasonic mixer to disperse the soil in the solvent.

Place the vial in its upright position, and wait at least 1 minute to allow soil particles to settle.
Place an 11-centimeter-diameter, No. 40 Whatman filter paper in a glass funnel.

Pour the extract through the filter and funnel into a clean beaker.

Step 2 - Measurement of TPH in Extract

2.

Pre-rinse the quartz sample cuvette using 1 to 4 mL of the filtered sample extract.
Place about 6 mL of the filtered sample extract in an OCMA-350 quartz cuvette.

Insert the cuvette into the infrared spectrophotometer, and press Measure.
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Step 3 - Calculation of TPH Concentration in Soil

Because the infrared spectrophotometer can measure the soil TPH concentration in mg/kg on a wet weight basis, no
additional calculations are required. However, any variations from the soil sample amount or reagent amount
specified in Step 1 or any sample dilution should be factored into a calculation of the TPH concentration.

2.2.33 Advantages and Limitations

An advantage of the OCMA-350 is that it is easy to operate, requiring one person with basic wet chemistry skills.
In addition, the infrared spectrophotometer can be operated in the field using a 110- or 220-volt AC power source,

a gasoline-powered electric generator, or a DC to AC power converter to provide power from a battery.

The OCMA-350 can quantitatively measure all TPH fuel types. According to Horiba, the OCMA-350 can measure

both aromatic and aliphatic hydrocarbons independent of their carbon range.

Another advantage of the OCMA-350 is that the proprietary S-316 extraction solvent has desirable characteristics
relative to other, conventional solvents. According to Horiba, because of the S-316 extraction solvent’s high boiling
point (134 °C) and low freezing point (-129 °C), measurements can be made in a wider temperature range than other

extraction solvents allow. The S-316 extraction solvent is nonflammable, nontoxic, and relatively nonvolatile.

The OCMA-350 uses a drying agent—anhydrous sodium sulfate as specified in “Methods for Chemical Analysis of
Water and Wastes” (MCAWW) Methods 413.2 and 418.1 (EPA 1983)—to remove moisture from soil samples. As
a result, no correction associated with solvent dilution is required, which is necessary for wet soil samples. In
addition, not all the supplies necessary to analyze samples using the device are available from Horiba; therefore, an

OCMA-350 user must obtain some supplies from another source.
2.24 PetroFLAG™ Test Kit
The PetroFLAG™ test kit, a quantitative device manufactured by Dexsil® Corporation (Dexsil®), is based on

emulsion turbidimetry as discussed in Section 2.1.3. The device has been commercially available since January 1995.

This section describes the device, presents its operating procedure, and discusses its advantages and limitations.
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2.24.1 Device Description

The PetroFLAG™ test kit uses a proprietary, nonpolar organic solvent mixture for extraction that is composed of
alcohols, primarily methanol. The device also uses a proprietary developer solution that is polar in nature and that

acts as the emulsifying agent. The developer solution also contains water and surfactants that stabilize the emulsion.

According to Dexsil®, the PetroFLAG™ test kit can measure the petroleum products listed in Table 2-6. The device
does not distinguish between aromatic and aliphatic hydrocarbons, and it responds to compounds in the C, through
C,, carbon range. MDLs for the device are also listed in Table 2-6 and range from 10 mg/kg for hydraulic fluid to
1,000 mg/kg for weathered gasoline. Based on precision and accuracy tests conducted for diesel and motor oil, the
precision and accuracy of the device are estimated to be = 10 and + 20 percent, respectively. The device’s response
factors are based on mineral oil. These response factors are listed in Table 2-6 and range from 2 for weathered
gasoline to 10 for transformer oil, indicating that the device is more sensitive to transformer oil than weathered
gasoline. If no information is available regarding the type of contamination in a sample, Dexsil® recommends using
an average response factor of 5. For accurate measurement of TPH in soil, Dexsil® recommends using its
HYDROSCOUT® meter to measure the moisture content of samples so that an appropriate solvent dilution correction

may be applied to the TPH concentration.

Table 2-6. PetroFLAG™ Test Kit Method Detection Limits and Response Factors for Petroleum Products Measured

Petroleum Product Method Detection Limit (milligram per kilogram) Response Factor
Mineral oil 15 10
Transformer oil 15 10
Grease 15 9
Hydraulic fluid 10 8
Transmission fluid 19 8
Motor oil 19 7
No. 2 fuel oil 25 7
No. 6 fuel oil 18 6
Diesel 13 5
Gear oil 22 5
Low-aromatic diesel 27 4
Pennsylvania crude oil 20 4
Kerosene 28 4
Jet A fuel 27 4
Weathered gasoline 1,000 2

For optimum performance, the PetroFLAG™ test kit should be used in environments with a temperature range of

about 4 to 45 °C. The turbidimeter is equipped with a built-in temperature sensor. This sensor measures the ambient
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temperature while TPH measurements are being made. The turbidimeter then uses the sensor’s temperature readings
to correct for measurement fluctuations caused by temperature variations. However, the temperature corrections are
valid only for ambient temperatures within 10 °C of the calibration temperature. Therefore, if the ambient temperature
deviates from the calibration temperature by more than 10 °C, an error condition results, and the turbidimeter has to

be recalibrated.

Table 2-7 lists the components of the PetroFLAG™ test kit. The device’s components are packaged in the carrying
case, which is about 19 inches wide, 14.25 inches long, and 5.5 inches deep. All device reagents are premeasured
and sealed in glass ampules; additional reagents can be ordered in multiples of the supply requirements for
10 analyses. The turbidimeter weighs 0.6 pound and is 5.75 inches long, 3.5 inches wide, and 2 inches deep. The
complete device weighs less than 10 pounds. The turbidimeter operates on one 9-volt battery, which can last for about

18,000 readings.

Table 2-7. PetroFLAG™ Test Kit Components

. Battery-powered, hand-held, digital turbidimeter (9-volt battery included)
. Battery-powered balance (batteries included)
. Battery-powered timer (batteries included)
10 plastic screw-capped, polypropylene tubes
10 filter-syringe assemblies
. 2 calibration standards
10 breaktop vials of extraction solvent
10 glass vials containing developer solution
Test procedure manual
. Material Safety Data Sheets for all chemicals in kit
Carrying case

The PetroFLAG™ test kit can be purchased for $695 and includes enough supplies to perform 10 soil analyses.
Additional reagents can be purchased for $10 to $15 per analysis, depending on the total quantity purchased. The
HYDROSCOUT® meter may be purchased for an additional $395. Neither the device components nor the
HYDROSCOUT® meter is available for rental from Dexsil®.

The PetroFLAG™ test kit enables the user to perform up to 16 analyses in 1 hour. Only one person is required to
perform analyses using the device. The device is designed to be used by those with basic wet chemistry skills. A free
training videotape for the device is available from Dexsil®, which also provides technical support over the telephone

at no additional cost.

According to the developer, the PetroFLAG™ test kit is innovative because it responds to a broad range of PHCs

regardless of the source or state of weathering. Also, the proprietary solvent mixture used in the device was selected
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to provide consistent extraction efficiencies for a range of soil types and conditions, including moisture content and

ionic strength.

2.2.4.2

Operating Procedure

Measuring TPH in soil using the PetroFLAG™ test kit involves the following three steps: (1) extraction, (2) filtration

and emulsion development, and (3) turbidity measurement and calculation of the TPH concentration. Calibration

procedures and QC checks required for the device are presented in Chapter 8.

Step 1 - Extraction

3.

Measure 10 grams (+ 0.1 gram) of the soil sample, and place the measured amount in a polypropylene tube.
To extend the quantification range for samples containing EDRO, either a 1-gram sample can be analyzed
or a 10-gram sample can be analyzed using the High Range procedure.

Pour one breaktop vial of extraction solvent into the tube, and cap the tube.

Set the timer to 5 minutes, and shake the tube for 15 seconds or until the sample is fully wet.

Continue to shake the tube intermittently for a minimum of 4 minutes, then let it stand for 1 minute. Samples
containing EDRO contaminants can be extracted for up to 1 hour without significant loss.

Step 2 - Filtration and Emulsion Development

Remove the plunger from the filter-syringe assembly, and verify that the 0.2-pum filter disk is firmly attached
to the syringe barrel.

Remove the cap from a 6-mL, glass vial containing developer solution.

Remove the cap from the polypropylene tube containing the soil and extraction solvent, and pour the extract
supernatant into the syringe barrel. Do not allow soil to enter the syringe, as too much soil might plug the
filter.

Discard the first few drops of the extract from the filter into a waste container, and then filter the extract into
the vial containing developer solution. Add the extract into the vial one drop at a time until the meniscus just
enters the vial neck.

Cap the vial, and shake it for 10 seconds. Then set the timer to 10 minutes, and let the vial stand. During

the 10-minute period, an emulsion associated with the hydrocarbons in the extract is developed. Do not let
the vial stand longer than 20 minutes before placing it in the turbidimeter, as this might result in a low bias.
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Step 3 - Turbidity Measurement and Calculation of TPH Concentration

1. After the 10-minute development period, place the vial in the turbidimeter, which should have been
calibrated using a blank and a single calibration standard.

2. If the primary contaminant in a sample is known or suspected, set the appropriate response factor shown in
Table 2-6 on the turbidimeter. If not, use a response factor of 5 as a default value.

3. When the vial is placed in the turbidimeter, a beam of light at a wavelength of 585 nm passes through the vial,
and the intensity of the light scattered at an angle of 90 degrees to the initial beam of light is measured. The
TPH reading of the sample extract is displayed on the turbidimeter as mg/kg TPH in soil on a wet weight
basis.

4. In certain circumstances, the water content of the soil and analyte carbon number range may require a
correction factor to account for soil-water content. To correct the TPH concentration in mg/kg on a wet
weight basis for solvent dilution associated with the moisture content of a given soil sample, use
Equation 2-8.

mg/kg TPH after correcting _ mg/kg TPH before correcting x 100 + Percent Moisture (2-8)
for solvent dilution for solvent dilution 100

2.24.3 Advantages and Limitations

An advantage of the PetroFLAG™ test kit is that it is easy to operate, requiring one person with basic wet chemistry
skills. In addition, the turbidimeter operates using a 9-volt battery; therefore, an AC power source is not required in

the field.

According to Dexsil®, another advantage of the PetroFLAG™ test kit is that a soil moisture content of up to 25
percent does not interfere with soil analysis. Therefore, no chemicals need to be added to a soil sample in order to
reduce its moisture content. In addition, the turbidimeter is able to correct for measurement fluctuations caused by

temperature variations.

A limitation of the PetroFLAG™ test kit is that it cannot quantitatively measure TPH in the C, and C,, and the C,
through C,, carbon ranges. According to Dexsil”, the device can measure both aromatic and aliphatic hydrocarbons
in the Cq through C,, carbon range. In addition, the device is less sensitive to weathered gasoline than to other

petroleum products.
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2.2.5 Luminoscope

The Luminoscope was developed by the Oak Ridge National Laboratory under the sponsorship of the U.S.
Department of Energy and the EPA in collaboration with Environmental Systems Corporation (ESC). The device
produces quantitative results and is based on ultraviolet fluorescence spectroscopy as discussed in Section 2.1.4. The
Luminoscope has been commercially available since 1997. This section describes the device, presents its operating

procedure, and discusses its advantages and limitations.

2.2.51 Device Description

The Luminoscope is based on ultraviolet fluorescence spectroscopy and uses excitation and emission
monochromators. The components of the Luminoscope are structured to maintain a constant wavelength interval
(delta lambda) between the excitation and emission monochromators. This modification of classical fluorescence
technology is called synchronous fluorescence and takes advantage of the overlap between the excitation and emission
spectra for a sample to produce more sharply defined spectral peaks. According to ESC, this modification maximizes
the Luminoscope’s capability to differentiate among various aromatic hydrocarbons that may be present in a sample

extract. For TPH analyses of soil samples, a delta lambda of 18 nm is typically used.

The Luminoscope uses a high-pressure xenon lamp as its light source. The xenon lamp emits light of wavelengths
ranging from 200 to 650 nm. The Luminoscope has a spherical, concave mirror that collects back-emitted light and
directs it toward the excitation monochromator. A laptop computer with Grams/32 software developed by Galactic
Industries is used to control the Luminoscope and to manage data collected by the device. The Luminoscope allows

the user to generate emission spectra ranging from 200 to 650 nm.

Several solvents can be used to complete extraction of soil samples for Luminoscope analysis, including methanol,
CH,Cl,, and cyclohexane. According to ESC, the choice of solvent depends on (1) the carbon range of the
contaminant of concern and (2) the solvent that would typically be used to analyze for the contaminant under

conventional, laboratory methods. For the demonstration, methanol will be used to extract all soil samples.

The Luminoscope can be used to measure concentrations of PHCs in soil. Because aromatic hydrocarbons fluoresce
when they are excited by ultraviolet light, the Luminoscope responds to their concentrations in sample extracts.
Although aliphatic hydrocarbons do not fluoresce, off-site laboratory results for TPH analysis of a subset of samples
can be used to develop a site-specific calibration curve of luminescence intensity versus TPH concentration. Once

the Luminoscope has been used to measure the luminescence intensities of the remaining sample extracts, the
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calibration curve can be used to calculate the concentrations of TPH present. The Luminoscope can achieve an MDL
of 50 micrograms (ug) per kg for TPH. No information is currently available from ESC regarding the accuracy and
precision of the device. Interpretation of the spectra generated by the Luminoscope allows the user to report data as
GRO and EDRO concentrations based on the carbon range selected. Additional extraction or analysis of the sample

extract is not required to report data as GRO and EDRO concentrations.

ESC does not specify an operating temperature range for the Luminoscope; however, the device has been successfully
operated at ambient temperatures ranging from -7 to 38 °C. ESC also does not specify a particular storage temperature
for the Luminoscope. In addition, according to ESC, humidity levels do not appear to affect the operation of the

Luminoscope.

The Luminoscope is 12 inches long, 16 inches wide, and 16 inches deep; weighs 34 pounds; and comes with a
carrying case. The Luminoscope can be operated using a standard automobile battery; an appropriate battery
converter may be purchased from ESC. To analyze samples using the Luminoscope, a user may also purchase quartz
cuvettes and a sampling kit from ESC. The sampling kit contains enough vials, pipettes, test tubes, and filters to
analyze 25 samples along with 1 L of extraction solvent. Grams/32, the computer software used to control the
Luminoscope and manage its data, is purchased separately. Additional equipment required to operate the

Luminoscope that is not provided by ESC includes a balance, centrifuge, test tube shaker, and laptop computer.

According to ESC, about 40 samples can be analyzed by one on-site technician using the Luminoscope over an 8-hour
period. Although it is not necessary for operation of the device, ESC recommends 3 days of training in fluorescence
theory, device operation, sample preparation, and data display. The cost of this training is included in the purchase

cost of the Luminoscope. ESC also provides technical support over the telephone at no additional cost.

The Luminoscope’s purchase cost is $26,500. Quartz cuvettes cost an additional $110 each. Depending on a user’s
requirements, ESC can prepare a sampling kit that contains enough support equipment to analyze 25 samples; such
a kit costs about $115. To analyze samples using the Luminoscope, the user must also provide a balance, centrifuge,
test tube shaker, and laptop computer that are not available for purchase from ESC. The software used to operate
the Luminoscope, Grams/32, costs an additional $2,400. The Luminoscope and Grams/32 software may also be
rented from ESC for $600 per day. This cost covers a technician to operate the device and enough support equipment
to analyze about 40 samples. The Luminoscope purchase and rental costs do not include travel and per diem costs

for the training instructor and technician, respectively.
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According to ESC, the Luminoscope is innovative when compared with conventional ultraviolet fluorescence
spectroscopes because the device uses synchronous fluorescence to take advantage of the overlap between the
absorption and emission spectra for a sample extract to generate more sharply defined spectral peaks. This feature
enhances the Luminoscope’s capability to differentiate among various aromatic hydrocarbons that may be present in
asample extract. The Luminoscope is also able to separately report TPH concentrations for GRO and EDRO without

additional extraction or analysis.

2.2.5.2 Operating Procedure

Measuring TPH in soil using the Luminoscope involves the following two steps: (1) extraction and (2) concentration
measurement. These steps are described below. Calibration procedures and QC checks required for the Luminoscope

are presented in Chapter 8.

Step 1 - Extraction

1. Measure 2 grams of soil sample, and place the measured amount in a test tube.
2. Add 10 mL of the appropriate solvent to the test tube.
3. Manually shake the test tube until, based on visual observation, more than 90 percent of the sample is

suspended in the solvent. If multiple test tubes need to be shaken, use a test tube shaker.

4, Spin the test tube in a centrifuge to separate the soil.
5. Pour the extract into a second test tube.
6. If any soil particles are visible, use a syringe with a detachable filter to transfer the extract to a cuvette. Ifsoil

particles are not visible, transfer the extract directly to a cuvette.

Step 2 - Concentration Measurement

1. Analyze the sample over a predetermined wavelength range. For TPH analyses, a wavelength range of 250
to 400 nm is typically used.

2. Use the Grams/32 software to integrate the area under the peaks of the sample spectrum. To report results
as a TPH concentration, integrate the area under the curve from about 275 to 340 nm. To report results as
GRO and EDRO concentrations, integrate the areas under the curve from about 275 to 300 nm and 300 to
340 nm, respectively.

3. Use a calibration curve to convert area counts reported by the Luminoscope into a TPH, GRO, or EDRO
concentration.
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2.2.53 Advantages and Limitations

An advantage of the Luminoscope is that it is easy to operate, requiring one person with basic analytical chemistry
skills. In addition, the device is operated using a DC power source such as an automobile cigarette lighter; therefore,

an AC power source is not required in the field.

Another advantage of the Luminoscope is that it can quantitatively measure all fuel types in the pg/kg range that
contain aromatic hydrocarbons. In addition, interpretation of the spectra generated by the Luminoscope allows the

user to report data as GRO and EDRO concentrations without additional sample extraction or analysis.

According to ESC, an advantage of the Luminoscope over conventional ultraviolet fluorescence spectroscopes is that
the device uses synchronous fluorescence to take advantage of the overlap between absorption and emission spectra
for a sample extract. This feature maximizes the Luminoscope’s ability to differentiate among various aromatic

hydrocarbons that may be present in a sample extract.

A limitation of the Luminoscope is that it requires calibration and calculation of TPH concentrations using site-
specific soil sample concentrations measured by an off-site laboratory during a presampling or postsampling effort.
The presampling effort allows the Luminoscope user to determine on-site TPH concentrations while in the field but
increases the mobilization costs for a project. The postsampling effort does not increase mobilization costs, but the
Luminoscope user cannot determine TPH concentrations in the field; only luminescence intensity readings can be
taken. In addition, a laptop computer must be used to analyze samples and to report data generated using the

Luminoscope.

2.2.6 UVF-31004

The UVF-3100A, a quantitative device developed by siteLAB® Corporation (siteLABe), is based on ultraviolet
fluorescence spectroscopy as discussed in Section 2.1.4. The UVF-3100A is manufactured for siteLABe by Turner
Designs and has been modified and distributed for environmental use by sittLABes. The UVF-3100A has been
commercially available since October 1998. This section describes the device, presents its operating procedure, and

discusses its advantages and limitations.
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2.2.6.1 Device Description

The siteL ABw portable fluorometer is fitted with excitation and emission filters that are appropriate for TPH analysis
of soil samples. In addition, sittLAB® has developed and provides software that can be used to manage and present

data generated by the UVF-3100A.

The UVF-3100A uses a mercury vapor lamp with a predominant emission of 254-nm wavelength as its light source.
Light from the lamp is directed through an excitation filter of 254 nm before it irradiates a sample extract held in a
quartz cuvette. Depending on the analysis being conducted, the fluorometer is fitted with an appropriate emission
filter that corresponds to the wavelength at which the sample extract is expected to fluoresce. For GRO, an emission
filter with a bandwidth of 280 nm is used, and for EDRO, an emission filter with a bandwidth between 300 and 400
nmisused. These filters are used because GRO and EDRO aromatic hydrocarbons fluoresce within these wavelength
ranges. Both the excitation and emission filters are fitted into sleeves that fit into ports in the fluorometer. To analyze

soil samples using the UVF-3100A, methanol is used as the extraction solvent.

The UVF-3100A can be used to measure petroleum fuel products. Because aromatic hydrocarbons fluoresce when
they are excited by ultraviolet light, the fluorometer can measure their concentrations in sample extracts. Aliphatic
hydrocarbons do not fluoresce; therefore, the fluorometer cannot quantify aliphatic hydrocarbon concentrations.
However, siteLABe software can estimate aliphatic hydrocarbon fractions and individual PAH or BTEX
concentrations by generating response factors based on aromatic and aliphatic hydrocarbon ratios for two to five site-
specific samples that are sent to an off-site laboratory for GC analysis. sitetLABe has determined MDLs for the
UVF-3100A by analyzing sand blanks. The resulting MDLs for petroleum fuel products in soil range from 0.08 to
6.9 mg/kg and are listed in Table 2-8.

Table 2-8. UVF-3100A Method Detection Limits

Petroleum Fuel Product Method Detection Limit for Soil (milligram per kilogram)
No. 2 fuel oil 0.50
No. 4 fuel oil 0.20
No. 6 fuel oil 0.08
Diesel 0.60
50 percent weathered diesel 0.34
Gasoline 6.9
50 percent weathered gasoline 3.9
Motor oil 1.0
Extended diesel range organics-polynuclear aromatic hydrocarbons 0.04
Gasoline range organics-benzene, toluene, ethylbenzene, and xylenes 0.10
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The operating temperature range for the UVF-3100A is 0 to 38 °C. The lowest operating temperature is based on
the possibility of the fluorometer’s quartz crystal display freezing. According to siteLABe, the UVF-3100A does

not have a storage temperature or operating humidity restriction.

The sitetLABe UVF-3100A Extraction System includes the fluorometer and support equipment listed in Table 2-9.
sittLABe separately provides a 20 Sample Extraction Kit that contains the equipment listed in Table 2-9. Calibration
kits for a variety of TPH standards are also available from siteLABe. Each calibration kit includes five linear

calibration standards and one reference standard.

Table 2-9. UVF-3100A Components

UVF-3100A Extraction System

Fluorometer

Alternating current power adapter

Direct current power converter

RS-232 cable

Quartz cuvettes (2)

Timer (batteries included)

Certified clean sand (500 grams)
High-performance liquid chromatography-grade methanol (1 liter)
Solvent dispenser bottle

5-millimeter volumetric flask

10-millimeter volumetric flask

Tissue wipes

2 stainless-steel spatulas

Adjustable pipette

Test tube rack

Battery-powered balance (9-volt battery included)
Markers

Shaker/mixer can

siteLABe software

Portable field case

Instruction manual and simplified instruction sheet

20 Sample Extraction Kit

20 extraction jars

20 weighing boats

20 pipette tips

20 syringes with detachable filters
40 10-milliliter test tubes

40 stainless-steel mixing balls

The UVF-3100A Extraction System and 20 Sample Extraction Kit fit in a portable field case that is 12 inches long,
36 inches wide, and 24 inches deep and weighs 55 pounds. The UVF-3100A may be operated using a using a DC

power source such as an automobile cigarette lighter; therefore, an AC power source is not required in the field.
Connecting the UVF-3100A to a computer allows downloading and manipulation of calibration and sample data using

sitetLABw® software, although a computer connection is not needed to collect or read data. To connect the device to

a computer, an RS-232 cable connection is used. At a minimum, the computer must support the Microsoft
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Windows 95 operating system and have Microsoft Excel software installed. If a computer that does not meet these
requirements is used, a special computer program and technical support can be provided by siteLABwe to assist the user

in manipulating data.

Using the UVF-3100A, 40 to 50 samples can be analyzed by one on-site technician in an 8-hour period. Each sample
takes about 5 to 10 minutes to process; analysis time is 5 to 10 seconds. Although it is not required for operation of
the UVF-3100A, siteLABe recommends 0.5 to 1 day of training by a siteLABwe instructor in device operation and data
management. The cost of this training is included in the purchase cost of the UVF-3100A. siteLABw also provides

technical support over the telephone at no additional cost.

The UVF-3100A Extraction System has a purchase price of $11,999. siteLABw also rents the UVF-3100A at a rate
of $1,250 per day. The rental cost covers a technician and all the support equipment required to operate the device.
sittLABe does not rent the UVF-3100A without a technician. The purchase and rental costs do not include travel and
per diem costs for an instructor or technician. In the New England region, siteLABe rents the device at a rate of $150
per hour for the UVF-3100A and a technician; a 4-hour rental minimum is required to obtain this rate, and travel costs
for the technician may also be applied. The 20 Sample Extraction Kit costs $299. In addition, calibration kits for a

variety of TPH standards cost $199 each. siteLABe provides software upgrades at no cost.

sittLABe considers the UVF-3100A to be innovative because the device adapts a laboratory technology for field u