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PREFACE

This document was prepared following the Air Force Center for Environmental Excellence
(AFCEE) Model Quality Assurance Project Plan (QAPP), version 1.0, revision 0.0, dated
February 1995. This QAPP identifies the minimum analytical chemistry QAJQC analytical
methods, PQLs, calibration, corrective action, and data validation requirements. All

anticipated sampling, analytical, and QA/QC procedures and specifications are presented.
This QAPP specifies the analytical requirements to be followed in the performance of the
SOW for this project.
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1.0 INTRODUCTION

This Quality Assurance Project Plan (QAPP) presents in specific terms the policies,
organization, functions, and quality assurance(QA)/quality control (QC) requirements
designed to achieve the data quality goals for removal/upgrade of underground
storage tanks (USTs) and interim remedial action (iRA) for the golfcourse
maintenance yardatNavalAir Station (NAS) Fort Worth Joint Reserve Bose (JRB),
Carwell Field, Texas (formerly CarswellAir Force Bose [AFBJ).

The U.S. Environmental Protection Agency (EPA) QA policy requires a written and
approved QAPP for every monitoring and measurement project mandated or
supported by the U.S. EPA through regulations, contracts, or other formalized means
not currently covered by regulation. Guidelines followed in the preparation of this plan
are set out in Interim Guidelines andSpecjicationsfor Preparing Quality Assurance
Project Plans (U.S. EPA, 1983) and US. EPA Regi0nIXQAPP: Guidance for
Preparing QAPPs for SuperfundRemedialProjects (U. S EPA, 1989). Other
documents that have been referenced for this plan include Guidance for Conducting
Remedial Investigations andFeasibilily Studies Under CERCLA, Interim Final (US.
EPA, 1988); EPA Requirements for Quality Assurance Project Plans for
Environmental Data Operations, Draft Final, EPA QA/R-5 (U.S. EPA, 1993a),
Compendium of Superfund Field Operations Methods (U.S. EPA, 1987); Data
Quality Objectives Process for Superfund, Interim Final Guidance (U.S. EPA,
1993 b); US. EPA Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review (U.S. EPA, 1994a), U.S. EPA Contract Laboratory Program
National Functional Guidelines for Organic Data Review (U.S. EPA, I 994b), Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third
Edition and its first update (US. EPA, 1986), and the Handbook for Installation
Restoration Program (JRP) Remedial investigations and Feasibility Studies (RItFS)
(Handbook) (US. Air Force, 1993).

This detailed QAPP has been prepared for use by contractors who perform
environmental services at NAS Fort Worth to ensure that the data are scientifically
valid and defensible. This QAPP is a procedural document developed to ensure
consistency in field and laboratory analytical procedures.

This QAPP is required reading for all staff participating in the work effort. The QAPP
must be in the possession of the field teams and in the laboratories performing all
analytical methods. All contractors are required to comply with procedures
documented in this QAPP to ensure comparability and representativeness of the data

produced.

Controlled distribution of the QAPP has been implemented to ensure that the current
version is being used. A sequential number is used to identifj controlled copies of the
QAPP. Controlled copies will be provided to the Air Force and applicable regulatory
agency remedial project managers, suppliers' project managers, and the QA
coordinator. Whenever a revision is made to the QAPP, document control will assure
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that (1) all parties holding a controlled copy of the QAPP will receive the revised copy
and (2) outdated copies are removed from circulation. The document control system
does not preclude making and using copies of the QAPP; however, the holders of
controlled copies are responsible for distributing additional material to update any
copies within their organizations.

A distribution list for the controlled copies of this QAPP isprovidedfollowing the
Table of Contents.

This QAPP will be revised as necessary when guidelines and regulatory documents are
revised. As revisions are required, they will be prepared as part of the specific task and
amended to this QAPP. All contractors and agency Remedial Project Managers who
might be affected by such revisions will be informed of the necessary changes and
included in the decision making.
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2.0 PROJECT DESCRIPTION

2.1 TH U.S. AIR FORCE INSTALLATION RESTORATION PROGRAM

The objective of the U.S. Air Force IRP is to assess past hazardous waste disposal and
spill sites at U.S. Air Force installations and to develop remedial actions consistent
with the NCP for sites that pose a threat to human health and welfare or the
environment. This section presents information on the program origins, objectives, and

organization.

The 1976 Resource Conservation and Recovery Act (RCRA) is one of the primary
federal laws governing the disposal of hazardous wastes. Sections 6001 and 6003 of
RCRA require that federal agencies comply with local and state environmental
regulations and provide information to the U.S. EPA concerning past disposal
practices at federal sites. RCRA Section 3012 requires state agencies to inventory past
hazardous waste disposal sites and provide information to the EPA concerning those
sites.

To ensure compliance with RCRA regulations, the Department of Defense (DOD)
developed the IRP to identify potentially contaminated sites, investigate these sites,
and evaluate and select remedial actions for potentially contaminated facilities. The
DOD issued the Defense Environmental Quality Program Policy Memorandum
(DEQPPM) 80-6 regarding the IRP program in June 1980, and implemented the
policies outlined in this memorandum in December 1980. The National Oil and

—
Hazardous Substances Contingency Plan (NCP) was issued in 1980 to provide
guidance on a process by which (I) contaminant release could be reported,
(2) contamination could be identified and quantified, and (3) remedial actions could be
selected. The NCP describes the responsibility of federal and state governments and
those responsible for contaminant releases.

In 1980, Congress enacted the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (Superthnd). CERCLA outlines the
responsibility for identifying and remediating contaminated sites in the United States
and its possessions. The CERCLA legislation identifies the U.S. EPA as the primary
policy and enforcement agency regarding contaminated sites.

Executive Order 12316, adopted in 1981, gave various federal agencies, including the
DOD, the responsibility to act as lead agencies for conducting investigations and
implementing remediation efforts when they are the sole or co-contributor to
contamination on or off their properties.

The DOD formally revised and expanded the existing IRP directives and amplified all
previous directives and memoranda concerning the IRP through DEQPPM 8 1-5, dated
11 December 1981. The memorandum was implemented by a U.S. Air Force message
dated 21 January 1982.
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The 1986 SuperfundAmendments and Reauthorization Act (SARA) extends the
requirements of CERCLA and modifies CERCLA with respect to goals for
remediation and the steps that lead to the selection of a remedial process. Under
SARA, technologies that provide permanent removal or destruction of a contaminant
are preferable to action that only contains or isolates the contaminant. SARA also
provides for greater interaction with public and state agencies and extends the U.S.
EPA's role in evaluating health risks associated with contamination. Under SARA,
early determination of applicable or relevant and appropriate requirements (ARARs)
is required, and the consideration of potential remediation alternatives is recommended
at the initiation of an RL'FS. SARA is the primary legislation governing remedial
action at past hazardous waste disposal sites.

The IRP is the DOD's primary mechanism for response actions on U.S. Air Force
installations affected by the provisions of SARA. In November 1986, in response to
SARA and other U.S. EPA interim guidances, the U.S. Air Force modified the IRP to
provide for an RI/FS program. The IRP was modified so that RI/PS studies could be
conducted as parallel activities rather than serial activities. The program now includes
ARAR determinations, identification and screening of technologies, and development
of alternatives. The IRP may include multiple field activities and pilot studies prior to a
detailed final analysis of alternatives. Over the years, requirements of the IRP have
been developed and modified to ensure that DOD compliance with federal laws, such
as RCRA, NCP, CERCLA, and SARA, can be met.

2.2 PURPOSE AND SCOPE

The scope of workfor this project consists of three tasks: (1) removal of 12 USTs, (2)
upgrade of]] USTs with spill and overfill protection, and (3) an IRA to remove
contaminated soilfrom the golf course maintenance yard. This work will be
accomplished by Jacobs and subcontractors selectedfor their experience and
qualifications.

2.3 PROJECT BACKGROUND

The following sections present the site description and project background

2.3.1 Site Description

NAS Fort Worth is located in north-central Texas in Tarrant County, 8 miles west of
downtown Fort Worth (Figure 2.3-1). The area surrounding the station is mostly
suburban, including the residential areas of the cities of Fort Worth, Westworth
Village, and White Settlement. The main station totals 2,264 acres and is bordered
on the north by Lake Worth, on the east by the Trinity River and Westworth Village,
on the northeast and southeast by Fort Worth, on the west and southwest by White
Settlement, and on the west by Air Force Plant 4 (Lockheed).
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The existing land uses in the immediate vicinityof the station include industrial,
commercial, residential, and recreational. The land uses west of the station are
primarily industrial as a result of industrial complexes at Air Force Plant 4 and in
White Settlement. Additional uses to the west include residential and some
supporting commercial. South of the station are commercial areas at the interchange
of Interstate Highway 1-30 (1-30) and State Highway 183. This area includes a
regional shopping mall, a discount shopping center, and a smaller convenience
center. Both single-family and multifamily residential development dominate the
area southeast of the station and north of 1-30 and the area east of the station. The
area north of the station is predominantly composed of recreational and public
facilities. The south shore of Lake Worth is restricted to public access because of the
presence of NAS Fort Worth andAir Force Plant 4, but the lake is open for
recreation. A fish hatchery, a YMCA camp, and private recreational land are along
the West Fork of the Trinity River northeast of the station. The area surrounding the
Offsite Weapons Storage Area is primarily rural, a/though a residential development
is located south of White Settlement Road

2.3.2 Previous investigations

Soil sampling was conducted in 1993 at the golf course maintenance yard by
Southwestern Laboratories. Surface soil samples were analyzedfor total petroleum
hydrocarbons (TPH), chlorinated herbicides, and organochiorine pesticides. TPH
was detected at a maximum of 4,870 milligrams per kilogram (mg/kg). The only
pesticide detected was chlordane at a maximum concentration of 9.5 mg/kg. No
herbicides were detected No other investigations have been conducted

2.4 PROJECT SCOPE AND OBJECTIVES

Project scope and objectives are described in Section 2.0 of the Work Plan. The
project schedule is presented in Section 4.0 of the Work Plan. Section 1.2.5 of the
Field Sampling Plan (FSP) (Attachment I to this QAPP) summarizes samples to be
collected

2.5 SUBCONTRACTORS

At the time of preparation of this plan, specific subcontractors have not been
ident/Ied The following tasks will be subcontracted:

• UST removal;
• UST upgrade;
• excavation at golf course maintenance yard;
• building demolition;
• building construction; and
• analytical laboratory services.
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3.0 PROJECT ORGANIZATION AND RESPONSIBILITY

The Air Force is assisted by several contractors, subcontractors, and consultants. In
this section, the responsibilities of the key personnel from the participating
organizations are defined.

The organization for the Jacobs project team includes technical professionals with
experience in project management, QA, analytical chemist,y, environmental
engineering, field investigations, data management, and other technical/engineering
skills. An organization chart that shows all key project personnel for implementing
the field investigations has been prepared (Figure 3.0-I). Responsibilities for each of
the project team positions are described below

Contracting Officer's Representative. The Air Force Center for Environmental
Excellence (AFCEE) Contracting Officer's Representative (COR) for Delivery Order
No. 0003 is Mr. Charles Rice, who is located at Brooks AFB, Texas. The point of
contact (POC) for this investigation is Mr. Olen Long, who is located at NAS Fort
Worth, Texas. The Jacobs project team will coordinate all activities conducted under
this delivery order with these Air Force representatives through the Jacobs Project
Manager, Ms. Lynn Schuelter, located at the Jacobs office in Denver, Colorado.

Jacobs Mana2er of Federal Programs. The Jacobs Manager of Federal Programs is
Mr. Tim Forden, who is located at the Jacobs office in Houston, Texas. Mr. Forden's
responsibilities for the project include monthly administrative review ofproject
progress, as well as coordination with 4FCEE on con tract-related issues.

Jacobs Program Manager/Project Manager. The Jacobs Program Manager/Project
Manager, Ms. Lynn Schuelter, has overall responsibility for work performedfor the
Air Force under this contract. As Program Manager, Ms. Schueller, will ensure
high-quality work, make resources available, and approve all work under this
delivery order. In addition, the Program Manager will review progress, anticipate
and resolve problems, and ensure client satisfaction.

As the Jacobs Project Manager, Ms. Schuetter has day-to-day responsibility for all
aspects of Jacobs work on Delivery Order No. 0003. The Project Manager
maintains close communication and coordinates all activities with the AFCEE COR
and the POC for NAS Fort Worth. She is responsible for identyrying appropriate staff
for each task and providing oversight of all work to ensure its successful completion.
In addition, the Project Manager uses the information provided by Jacobs Project
Controls and Accounting to track the progress of costs and schedules and prepare
monthly summary reports for the COR.

Jacobs Quality Assurance Director. The Jacobs QA Director, Mr. Kris Barrett, will
ensure that all work is performed according to the specJIcations of this QAPP. Mr.
Barrett will report to the Air Force and be responsible/or all program QA issues. In
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addition, Mr. Barrett will review evaluation reports, audits, and corrective action
procedures to ensure that the project meets JRP Handbook standards.

Jacobs Health and Safety Manager. The Health and Safety Manager, Dr. Terry
Briggs, will make certain that al/work is performed in accordance with the approved
Health and Safety Plan (HSP) and the provisions of the Occupational Safety and
Health Administration (OSHA) 29 Code of Federal Regulations (CFR) 1910.120 for
worker health and safety. Dr. Briggs will provide assistance, oversight, and senior
review of the HSP. The Health and Safety Manager or his designee will perform
audits to make certain tha fleidwork is conducted to the spec/Ications of the NSF.

Jacobs Project Quality Assurance Manager. The Jacobs Project QA Manager. Mr.
Kris Barrett, will ensure that all work is performed in accordance with the QAPP.
Mr. Barrett will review and audit field operations. Additional responsibilities of the.
QA Manager are outlined in the CQP. In addition, the Project QA Manager will
review the project chemist's data quality review efforts, assist in performance of any
field analytical audits, and report to the Jacobs Project Manager.

Jacobs Site Manager. The Site Manager, Mr. John McManus, has the responsibility
of ensuring that the field investigation portion of the project is performed in a
manner that maximizes data quality while maintaining a safe environment for the
field crew. The Site Manager or his designee is responsible for reviewing all field
sampling data forms for completeness, making decisions about sample locations, and
making certain that the overall objectives of the field program are met while ensuring
that the Air Force Handbook procedures are followed in meeting these objectives.
The Site Manager also has responsibility for ensuring QC on construction activities
as described in the Construction Quality Plan (CQP) for this project.

Jacobs Qua//tv Control Jnypecwr. The QC Inspector will be responsible for
reviewing all documentation for completeness and correctness. In addition, the QC
Inspector will be responsible for ensuring that sample integrity is maintained
throughout the field investigation. Mr. John McManus will serve as QC Inspector as
well as Site Manager. Additional responsibilities include audits and inspections of
construction activities as discussed in the CQP.

Jacobs Site Health and Safety Coordinator. The Site Health and Safety Coordinator
(SHSC) has the responsibility for ensuring that the procedures outlined/n the site
HSP are followed by all members of the field team. The SHSC will investigate all
accidents or injuries related to the project that occur at NAS Fort Worth and has the
authority to slop all work onsite f deemed necessary for the protection ofpersonnel.
The SHSC will also brief al/field sampling crew members regarding site hazards
before field activities begin. The SHSC will be a member of the field team and will be
ident /ied when the field team members are assigned
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4.0 QUALITY PROGRAM AND DATA QUALiTY OBJECTiVES

This section identifies the dataquality objectives (DQOs) for the removal/upgrade of
USTs and the IRA for the golf course maintenance yard at NAS Fort Worth. This
section describes the quality program for each organization involved in the project;
defines the elements of a QC program for field and fixed laboratory analyses; and
defines and provides goals for accuracy, precision, completeness, comparability, and
representativeness.

4.1 DATA QUALITY OBJECTIVES

DQOs specit'- the data type, quality, quantity, and uses needed to make decisions and
— are the basis for designing data collection activities. DQOs are presented in Section

2.6 of the Work Plan.

Two general categories of DQOs are defined: (1) screening with definitive
confirmation and (2) definitive. All project data will meet one of these two DQOs.

Screening with definitive confirmation includes data produced by rapid field screening
methods that are less precise than standard analytical methods. Screening level
methods produce analyte or class of analyte identification, often at elevated detection
levels. Field screening methods will be confirmed as required by the FSP or Statement
of Work (SOW) by analysis using definitive methods and accompanying QAJQC
procedures. Confirmation samples will be selected to include both detected and

—
nondetected results from the screening method.

Definitive data are produced using standard U.S. EPA or other reference methods,
usually in a mobile or off-site laboratory. Data are analyte-specific, and both
identification and quantitation are confirmed. These methods have standardized QC
and documentation requirements, providing the information to verify all results.
Definitive data are not restricted in their use unless quality problems require data
qualification.

4.1.1 Screening Data With or Without Confirmation

Field screening data will be collected using immunoassay techniques for benzene,
toluene, ethylbenzene, and xylene (BTEA7 and polynuclear aromatic hydrocarbons
(PAH) during preliminary sampling at the golf course maintenance yard All
samples collected during this investigation will be screenedfor organic vapors using
a photolonization detector (PID).

4.1.2 Definitive Data

Air Force Level I data will be provided using the following methods:

• SW8080 - organochiorine pesticides
• SW8 150 - chlorinatedherbicides
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• SW8020 - volatile organic compounds (VOCs)
• SW8240 - VOCs
• SW8270 - semivolatile organic compounds (SVO Cs)
• 5W6010 - total metals
• SW7041 - antimony
• SW7060 - arsenic
• SW7131 - cadmium
• SW7421 - lead
• SW7470/7471 - mercury
• SW7520 - nickel
• SW7740 - selenium
• SW7760 - silver
• E418. I - totalpetroleum hydrocarbons

4.2 PRECISION, ACCURACY, REPRESENTATWENESS,
COMPLETENESS, ANTI) COMPARABILITY

The basis for assessing each of these elements of data quality is discussed in the
following subsections. Precision and accuracy QC limits for each method and matrix
are identified in Section 7.0

4.2.1 Predsion

Precision measures the reproducibility of repetitive measurements. It is strictly defined
as the degree of mutual agreement among independent measurements as the result of
repeated application of the same process under similar conditions. Analytical
precision is a measurement of the variability associated with duplicate (two) or
replicate (more than two) analyses of the same sample in the laboratory and is
determined by analysis of laboratory duplicates. Total precision is a measurement of
the variability associated with the entire sampling and analysis process. It is
determined by analysis of duplicate or replicate field samples and measures variability
introduced by both the laboratory and field operations. Precision data will be
interpreted by taking into consideration all possible sources of variability, Duplicate
samples or duplicate spiked samples may be analyzed to assess field and analytical
precision, and the results are assessed using the relative percent difference (RPD)
between duplicate measurements. The formulas for the calculation of precision are
provided in Table 4.2.1-1 as RPD (used for two measurements), average RPD,
relative standard deviation (RSD), and pooled RSD (used for more than two
measurements).

4.2.2 Accuracy

Accuracy is a statistical measurement of correctness and includes components of
random error (variability due to imprecision) and systematic error. It therefore reflects
the total error associated with a measurement. A measurement is accurate when the
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value reported does not differ from the true value or known concentration of the spike
or standard. Analytical accuracy is measured by determining the percent recovery of
known target analytes that are spiked into a laboratory control sample (LCS).
Surrogate compound recovery is reported and is used to assess method performance
for each sample analyzed for volatile and semivolatile organic compounds.

Both accuracy and precision are calculated for preparation batches, and the associated
sample results are interpreted by considering these specific measures. The formula for
calculation of accuracy is included in Table 4.2.1-1 as percent recovery from pure and
sample matrices.

4.2.3 Representativeness

Objectives for representativeness are defined for each sampling and analysis task and
are a ft,nction of the investigative objectives. Representativeness will be achieved
through use of the standard field, sampling, and analytical procedures.
Representativeness is also determined or influenced by appropriate program design,
with consideration of elements such as proper well locations, drilling and installation
procedures, and sampling locations. Decisions regarding sample/well/boring locations
and numbers are documented in the FSP.

4.2.4 Completeness

Completeness is calculated for the aggregation of data for each analyte measured for
any particular sampling event or other defined set of samples. The number of valid,
unqualified results divided by the number of possible individual analyte results,
expressed as a percentage, determines the completeness of the data set. Samples with
results qualified because of confirmed matrix interference may be considered to be
valid for purposes of the completeness objective because the conditions for
qualification cannot be controlled and do not represent errors in sampling or analysis.
The objective for completeness is 95 percent for aqueous samples and 90 percent for
soil samples. For any instances of samples that could not be analyzed for any reason
(holding time violations in which resampling and analysis were not possible, samples
spilled or broken, etc.), the numerator of this calculation becomes the number of valid,
unqualified results minus the number of possible results not reported.

The formula for calculation of completeness is presented below:

% completeness number of valid unciualified results

number of possible results

4.2.5 Comparability

Comparability is the confidence with which one data set can be compared to another
data set. The objective for this QAIQC program is to produce data with the greatest
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possible degree of comparability. The number of matrices that are sampled and the
range of field conditions encountered are considered in determining comparability.
Comparability is achieved by using standard methods for sampling and analysis,
reporting data in standard units, and using standard and comprehensive reporting
formats. Complete field documentation using standardized data collection forms will
support the assessment of comparability. Analysis of performance evaluation (PE)
samples and reports from audits will also be used to provide additional information for
assessing the comparability of analytical data produced among subcontracting
laboratories. Historical comparability will be achieved through consistent use of
methods throughout the project.

4.3 METHOD DETECTION LIMITS, PRACTICAL QIJANTITATION
LIMITS, AND INSTRUMENT CALIBRATION REQUIREMENTS

4.3.1 Method Detection Limits

The method detection limit (MDL) is the minimum concentration of a substance that
can be measured and reported with 99 percent confidence that the analyte
concentration is greater than zero. Laboratories participating in this work effort will
demonstrate the MDLs for each method of analysis, including confirmatory columns,
using the instructions defined in 40 CFR 136, Appendix B. The laboratories will
revalidate these MDLs on at least an annual basis or whenever analytical repairs or
component reconfigurations demand a more frequent demonstration of the MDLs.

4.3.2 Practical Quantitation Limits

The practical quantitarion limit (PQL) is the lowest level that can be reasonably
achieved within specified limits of precision and accuracy during routine laboratory
operating conditions. The laboratories participating in this work effort will compare
the results of the MDL demonstrations to the PQLs for each method that is listed in
Section 7.0 to ensure the MDLs are lower than the relevant PQLs. The laboratories
will also verifj PQLs by including a standard below the PQL as the lowest point on the
calibration curve.

4.3.3 Instrument Calibration

Analytical instruments will be calibrated in accordance with the analytical methods. All
analytes that are reported will be present in the initial and continuing calibrations, arid
these calibrations must meet the acceptance criteria specified in Section 7.0. Records
of standard preparation and instrument calibration will be maintained. Records will
unambiguously trace the preparation of standards and their use in calibration and
quantitation of sample results. Inorganic calibration standards will be traceable to
available National Institute of Standards and Technology (NIST) materials.
Calibration standards for organic analytes will be traceable to materials certified by
NIST, Contract Laboratory Program (CLP), or American Association for Laboratory
Accreditation (A2LA), when available. Instrument calibration will be checked using all
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of the analytes. This applies equally to multiresponse analytes. The initial calibration
will be checked at the frequency specified in the method using materials prepared
independently of the calibration standards. Acceptancó Cnteria for the calibration
check are presented in Section 7.0. Analyte concentrations can be determined with
either calibration curves or response factors (RFs) as defined in the methods. When
using RFs to determine analyte concentrations, the average RF from the initial
calibration will be used, except in gas chromatograph (GC)/mass spectromeiry
methods. GCfmass spectrometry quantitation will .be based on the RF from the daily
continuing calibration unless samples are analyzed in the same sequence as the initial
calibration. The continuing calibration of GC analyses will not be used to update the
RFs for the initial calibration to include subsequent continuing calibrations.

4.4 ELEMENTS OF QUALITY CONTROL

This section presents QC requirements relevant to analysis of environmental samples
that will be followed during all analytical activities for fixed-base, mobile, and field
laboratories. The purpose of this QC program is to produce data of known quality that
satisf3, the project objectives and that meet or exceed the requirements of the standard
methods of analysis. This program provides a mechanism for ongoing control and
evaluation of data quality measurements through the use of QC materials.

Laboratory QC samples (e.g., blanks, matrix spikes [MSs], matrix spike duplicates
[MSDsJ, and LCSs) will be included in the preparation batch with the field samples.
Preparation batch, is a number of samples (not to exceed 20) that are similar in
composition (matrix) and that are extracted or digested at the same time and with the
same lot of reagents. The identity of each preparation batch will be unambiguously

— reported with the analyses so that a reviewer can identify the QC samples and the
associated environmental samples. The type of QC samples and the frequency of use
of these samples are discussed below and in the method-specific subsections of
Section 7.0. Only AFCEE samples will be used for spiking. The spiking solutions will
include all analytes. Additional QC samples may be added to those required by the
method to ensure accurate and precise data.

The following subsections describe the use of QC materials.

4.4.1 Laboratory Control Sample

The LCS is a method blank spiked with known concentrations of all analytes. An LCS
will be carried through the complete sample preparation and analysis procedure. An
LCS is used to evaluate each preparation batch.

Whenever an analyte in an LCS is outside the recovery acceptance limit, data for that
analyte may not be reported. All samples in the analytical batch will be reanalyzed for
the out-of-control analyte after the system problems have been resolved and system
control has been reestablished. When an analyte in an LCS exceeds the upper control
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limit and that analyte is not detected in the associated samples, no corrective action is

performed.

4.4.2 Matrix Spike/Matrix Spike Duplicate

A MS is an aliquot of sample spiked with known concentrations of all analytes. The
spiking occurs prior to sample preparation and analysis. An MS is used to document
the bias of a method in a given sample matrix.

One MS and one MSD sample will be included for every 20 environmental samples of
similar matrix.

MS/MSDs are used to evaluate the matrix effect, not to control the analytical process.
The recoveries of analytes in the MS/MSDs will be compared to the QC acceptance
limits given in Section 7.0. Ifeither the MS or the MSD is outside the QC acceptance
limits, the analytes in all related samples will be qualified according to the data flagging
criteria in Section 7.0,

4.4.3 Surrogates

Surrogates are organic compounds that are similar to the target analyte(s) in chemical
composition and behavior in the analytical process, but that are not normally found in
environmental samples.

Surrogates will be added to samples, controls, and blanks, in accordance with the
method requirements.

When the recovery of a surrogate exceeds the acceptance limit, the corrective actions
outlined in Section 7.0 will be performed. Reextractions, if necessary, will be done
within the holding times.

4.4.4 Internal Standards

Internal standards (ISs) are measured amounts of certain compounds added after
preparation or extraction of a sample. They are used in an IS calibration method to
correct sample results affected by column injection losses, purging losses, or viscosity
effects. IS calibration is used for volatile organics, chlorinated pesticides, extractable
organics, and metals by inductively coupled plasma emission specfroscopy (ICPES).

4.4.5 Retention Time Windows

Retention time windows are used in GC and high-performance liquid chromatography
(HPLC) analysis for qualitative identification of analytes. They are calculated from
replicate analyses of a standard on multiple days. The procedure and calculation
method are given in SW-846 method 8000.
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4.4.6 Interference Check Sample

The interference check sample (ICS) (ICP analyses only) contains both interfering and
analyte elements of knownconcentrations and is used to verif, background and
interelement correction factors. This sample is run at the beginning and end of each
run sequence.

4.4.7 Method Thank

A method blank is an analyte-free matrix to whichall reagents are added in the same
volumes or proportions as used in sample processing. The method blank will be
carned through the complete sample preparation and analytical procedure. The
method blank is used to document contamination resulting from the analytical process.
A method blank is included in evely preparatory batch.

The presence of analytes in a method blank at concentrations greater than the PQL
indicates a need for corrective action. Corrective actions will be performed to
eliminate the source of contamination prior to proceeding with analysis. No analytical
data will be corrected for the presence of analytes in blanks. When an analyte is
detected in the blank, but not in the associated samples, no corrective action is
necessary.

4.4.8 Ambient Blank

The ambient blank is a sample of organic-free water that is collected and processed
using the same sampling and handling procedures as other samples. Ambient blanks
are used to assess the potential introduction of contaminants from ambient sources to
the samples during sample collection and are prepared only VOC samples. One
ambient blank is collected for each day of volatile organic sampling. Organic-free
water is prepared from AmericanSocietyfor Testing and Materials (ASTM) Type H
water that has been filtered, deionized, and boiled to volatilize organic compounds.
This water is then continuously purged with nitrogen to prevent reentry of volatile
organic compounds. Water to be used for the sensitive GC analyses (SW8O1O and
SW8020) is boiled for at least 20 minutes and kept under positive pressure by purging
with nitrogen. This water is. tested by (IC analysis prior to its use in the field blanks to
ensure complete purity.

4.4.9 Equipment Blank

An equipment blank is a sample of ASTM Type II reagent grade water (for inorganic
and semivolatile organics analyses) or organic-free water (for volatile organics
analyses) poured into the sampling device, collected m the sample bottle, and
transported to the laboratory for analysis. The frequency requirements for collecting
equipment blanks are specified in the SOW for each sampling and analysis task.
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4.4.10 Trip Blank

A trip blank is a sample of organic-free water (prepared as for ambient blanks) that is
placed in the sample bottle in an uncontaminated area in the laboratory prior to being
taken into the field. Trip blanks are prepared only for VOC samples and are subjected
to the same handling as other samples. Trip blanks serve to identify contamination
from sample containers or transportation and storage procedures. Trip blanks
consisting of unopened, evacuated stainless steel canisters are used during gas phase
sampling. One trip blank for every shipment or cooler is collected for methods that
analyze for the presence of VOCs.

4.4.11 Field Duplicates

A field duplicate sample is a second sample collected at the same location as the
original sample. Duplicate sample results are used to assess precision, including
variability associated with both the laboratory analysis and the sample collection
process. Duplicate samples are collected simultaneously or in immediate succession,
using identical recovery techniques, and treated in an identical manner during storage,
transportation, and analysis. Precision of soil samples to be analyzed for VOCs is
assessed from collocated samples because the compositing process required to obtain
uniform samples could result in loss of the compounds of interest. Soil samples to be
analyzed for nonvolatile compounds are recovered by collecting a single sample and
dividing it into equal portions for laboratory analysis or by collecting collocated
samples if there is a large volume of soil required for analysis.

Field duplicates are collected at a frequency of 10 percent of samples collected. The
sample containers are assigned a control number such that they cannot be identified
(blind duplicate) as duplicate samples by laboratory personnel performing the analysis.
Specific locations are designated for collection of field duplicate samples prior to the
beginning of sample collection.

4.5 QUALiTY CONTROL PROCEDURES

4.5.1 Holding Time Compliance

All sample preparation and analysis will be completed within the method-required
holding times. In attributing the time of extraction and analysis, the following
definitions of extraction and analysis compliance will be used:

• Extraction completion—completion of the sample preparation process as
described in the applicable method, prior to any necessary extract cleanup
and/or volume reduction procedures.

• Analysis completion—completion of all analytical runs, including dilutions,
second-column confirmations, and any required reanalyses.

FhiaI
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Second-column confirmation of results for samples analyzed by GC or HPLC
will be completed within the method-required holding times. If holding times
are exceeded, the AFCEE will review the significance of the error. If it is
deemed critical to the program, the contractor shall acquire and analyze a new
sample or samples.

4.5.2 Standard Materials

Standard materials used in calibration and to prepare samples will be traceable to
NIST, CLP, or A2LA standards, if available. The standard materials will be current,
and the following expiration policy will be followed: The expiration dates for
ampulated solutions will not exceed one year from the date of receipt or the
manufacturer's expiration date, whichever comes first. Expiration dates for laboratory-
prepared stock and diluted standards will be no later than the expiration date of the
stock solution or material or the date calculated from the holding time allowed by the
applicable analytical method, whichever comes first. Expiration dates for pure
chemicals will be established by the laboratory and be based on chemical stability,
possibility of contamination, and environmental and storage conditions. Expired
standard materials will be either revalidated prior to use or discarded. Revalidation
may be performed through assignment of a true value and error window statistically
derived from replicate analyses of the material. The laboratory will label standard and
QC materials with expiration dates.

4.5.3 Supplies and Consumables

The laboratory will inspect supplies and consumables prior to their use in analysis. The
materials description in the methods of analysis will be used as a guideline for
establishing the acceptance criteria for these materials. Introduction of interferent
compounds into the analytical process will be monitored by analysis of method blanks.
Purity and efficacy of reagents will be monitored by analysis ofLCSs. An inventory
and storage system for these materials will assure use before manufacturers' expiration
dates and storage under safe and chemically compatible conditions.

FinI
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— 5.0 SAMPLING PROCEDURES

5.1 FIELD SAMPLING

Field sampling procedures are described in Section 1.1 of the FSP, which is
Attachment 1 to this document.

5.1.1 Sample Containers

Sample containers are purchased precleaned and treated according to U.S. EPA
specifications for the methods. Sampling containers that are reused are
decontaminated between uses by the U.S. EPA-recommended procedures. Containers
are stored in clean areas to prevent exposure to fuels, solvents, and other
contaminants. Amber glass bottles are used routinely where glass containers are
specified in the sampling protocol.

5.1.2 Sample Volumes, Container Types, and Preservation Requirements

Sample volumes, container types, and preservation requirements for the analytical
methods performed commonly on AFCEE samples are listed in Table 5. .1.2-1.
Information about the methods for testing total recoverable petroleum hydrocarbons
is included in this table.

5.2 SAMPLE hANDLING AND CUSTODY
—

Procedures to ensure the custody and integrity of the samples begin at the time of
sampling and continue through transport, sample receipt, preparation, analysis and
storage, data generation and reporting, and sample disposal. Records concerning the
custody and condition of the samples are maintained in field and laboratory records.

— The following information concerning the sample will be documented on a chain of
custody (COC) form:

• unique sample identification
• date and time of sample collection
• source of sample (including name, location, and sample type)
• preservative used
• analyses required
• name of collector(s)
• pertinent field data (p11, temperature, etc.)
• serial numbers of custody seals and transportation cases (if used)
• custody transfer signatures and dates and times of sample transfer from the field to

transporters and to the laboratory or laboratories.

All samples will be uniquely identified, labeled, and documented in the field at the time
of collection.
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Field idenl(fiers will be assigned to the soil samples and will appear on the sample
labels, COC forms, field sampling forms, and in any field logbooks used by the site
geologists. Because the soil samples collectedfor this proj ed will not be input into
the Installation Restoration Program Information Management System (7RPJMS)
database, IRPIMS-compatible identflcation numbers will not be required For ease
of ident/ication, however, the field ident/ler will include predetermined
abbreviations for the site, project, location, and sample number. An example of a
field identifier is N-GC-OJA where N is NAS Fort Worth, GC is the golf course
maintenance yard, Oils the hand auger location, andA is the first sample collected
at that location.

Samples collected in the field will be transported to the laboratory or field testing site
as expeditiously as possible. When a 4° Celsius (C) requirement for preserving the
sample is indicated, the samples will be packed in ice or chemical refrigerant to keep
them cool during collection and transportation. During transit, it is not always possible
to rigorously control the temperature of the samples. As a general rule, storage at low
temperature is the best way to preserve most samples. It is impossible to set
acceptance temperature limits for the cooler temperature because of the complexity of
the issue. When, in the judgment of the laboratory, the temperature of the samples
upon receipt may have affected the stability of the analytes of interest, the problem will
be documented in laboratory records and discussed with AFCEE. The resolution of
the problem will also be documented.

Once the samples reach the laboratory, they will be checked against information on the
COC form for anomalies. The condition, temperature, and appropriate preservation of
samples will be checked and documented on the COC form. The checking of the pH of
samples using pH paper is an acceptable procedure. The occurrence of any anomalies
in the received samples and their resolution will be documented in laboratory records.
All sample information will then be entered into a tracking system, and unique
analytical sample identifiers will be assigned. A copy of this information will be

reviewed by the laboratory for accuracy. Sample holding time tracking begins with the
receipt of samples and entry of the sample information into the tracking system and
continues until the results are reported Holding times for methods required routinely
for AFCEE work are specified in Table 5.1.2-1. Samples not preserved or analyzed
in accordance with these requirements wilt be resampled and analyzed within
the specified holding times. As an alternative, AFCEE will be contacted in writing to
obtain a variance. Subcontracted analyses will be documented with a COC form.
Procedures ensuring internal COC will also be maintained. Specific instructions
concerning the analysis specified for each sample will be communicated to the analysts.
Analytical batches will be created, and laboratory QC samples will be introduced into
each batch.

'While in the laboratory, samples will be stored in limited-access, temperature-
controlled areas. Refrigerators and coolers will be monitored for temperature.
Acceptance criteria for the temperatures of the refrigerators and coolers is 4°C 2°C.
Freezers will also be monitored for temperature each working day. Acceptance criteria
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will be available and in use to assess the adequacy of freezer temperatures. All of the
cold storage areas will be monitored by thermometers that have been calibrated with a
NIST-traceable thermometer. As indicated by the findings of the calibration,
correction factors will be applied to each thermometer. Records that include
acceptance criteria will be maintained. Samples for VOC determination will be stored
separately from other samples, standards, and sample extracts. Soil and water for
volatile determinations will also be stored separately. Samples will be stored after
analysis until disposed of in accordance with applicable local, state, and federal
regulations. Disposal records will be maintained.

Standard Operating Procedures (SOPs) describing sample control and custody are
documented and reviewed during the audits.

—

—
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Table 5.1.2-1 Requirements for Containers, Preservation Techniques,
Sample Volumes, and Holding Times

Name
Analytical
Methods ContaIners Preservation-

Minimum
Sample

Volume or
Maximum

Holding Timet_
Mercury SW7470

SW7471
P. G, T HNO3 to pH<2, 4°

C3

500 mL or 8
ounces

28 days (water and
soil)

Metals (except
chromium VI and
mercury)

SW6O1O and
SW-846 AA
methods

P. G, T HNO3 to pH <2,
4°C

500 mL or
8 ounces

ISO days (water
and soil)

Aromatic volatile

organics

SW8020 G, Teflon- lined
septum, T

4°C, HCI to
pH <2, 0008%
Na2S2O3

2 x 40 mL or
4 ounces

14 days (water and
soil); 7 days if
unpreserved by
acid

Chlorinated
herbicides

SWSI5O U, Teflon- lined
cap, T

4°C, pH 5—9 1 liter or
8 ounces

7 days until
extraction and
40 days after
extraction (water);
14 days until
extraction and
40 days after
extraction (soil)

Pesticides and
polychiorinated
biphenyls (PCBs)

SWSOSO G, Teflon-lined
cap, T

4°C, pH 5—9 I liter or
8 ounces

7 days until
extraction and
40 days after
extraction (water);
14 days until
extraction and
40 days after
extraction (soil)

Semivolatile

orgarncs

SWS27O G, Teflon-lined
cap, T

4°C, 0008%
Na2S2O3

1 liter or
8 ounces

7 days until
extraction and
40 days after
extraction (water);
14 days until
extraction and
40 days after
extraction (soil)

Volatile organics SW8240 G, Teflon-lined
septum, T

4°C, 0.008%
Na2S2O3 (HCI to
pH <2 for volatile
aromatics by
SW8240 and
SW8260)b

2 x 40 inL or
4 ounces

14 days (water and
soil); 7 days if
unpreserved by
acid

Total recoverable

petroleum
hydrocarbons

E418. I (3, Teflon-lined
cap. T

4°C, IbSO to
pH<2

- -

I liter or 8
ounces

28 days (water);
14 days until
extraction and 40
days after
extraction (soil)

a. Polyethylene (P), glass (U), brass sleeves in the sample barrel, sometimes called California brass (T).
b. No p1-I adjustment for soil.
c. Preservation with 0.008 percent Na2S2O3 is only required when residual chlorine is present.

Final

}1:\WFMF\CA1.SWEWQAPP5DOC 2115196 54 Recycled



6.0 FIELD ANALYTICAL SCREENING METHODS

The analytical screening methods to be used in this proj ed are:

• Organic vapor screening usinga PID
• Analysis for BTEKusing immunoassays
• Analysis for PAH using immunoassays.

This section includes brief descriptions of the methods and QC required for field
procedures commonly used to conduct remedial work efforts. The methods and QC
procedures were taken from Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods (SW-846, Third Edition, and its first update) (US. EPA,
1986), Methods for Chemical Analysis of Water and Waste (U. S EPA, 1979), ASTM
Annual Book of Standards (ASTM 1993), and from manufacturers' literature.

6.1 FIELD ANALYTICAL SCREENING METHOD DESCRIPTIONS

6.1.1 U.S. EPA Method 120.1—Conductance

Not applicable.

6.1.2 U.S. EPA Method SW9040 (Water)/SW9045 (Soil)—pH

Not applicable.

6.1.3 U.S. EPA Method 170.1—Temperature

Not applicable.

6.1.4 U.S. EPA Method 180.1—Turbidity

Not applicable.

6.1.5 U.S. EPA Method 310.1—Alkalinity

Not applicable.

6.1.6 ASTM D149S—Oxidation-Reduction Potential

—
Not applicable.

6.1.7 ASTM D34 16—Methane in Soil Gas

Not applicable.
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6.1.8 Draft Method SW4020—Screening for Polychiorinated Biphenyls by
1mm unoassay

Not applicable.

6.1.9 Draft Method SW4030—Screening for Petroleum Hydrocarbons by
Immunoassay

Not applicable.

6.1.10 ASTM D422.—Standard Method for Particle-Size Analysis of Soils

Nol applicable.

6.1.11 SW-846 (Described in Method SW3550)—Percent Moisture

Not applicable.

6.1.12 Real-Time Portable Organic Vapor Analyzers

Two types of portable analyzers will be used to perform real-time nonspecific analyses
of hydrocarbon vapors. The instruments include an flame ionization detector (Fib)
(i.e., Foxboro Century OVA) and a PD (i.e., HNu® Systems [HNu®J trace gas
analyzer) organic vapor monitor. One or more of these instruments may be used at a
specific site, depending on the contaminant species of interest. When used together,
the instruments provide complementary information because they are sensitive to
different types of hydrocarbon vapors.

The portable analyzers will be used as a screening tool to help determine the optimum
locations for the collection of samples. Field data recorded on the COC forms give the
laboratory analysts an indication of the approximate concentration of contaminants and
aid in calculating dilution factors before analysis. Additionally, the real-time
instruments are used to aid in selecting the proper level of personal protective
equipment and monitoring air emissions during sampling activities. The comparability
of results obtained from the P11) and Fib instruments can be considered only to be
within the variability of this type of screening instrument. Comparability is greatest
when the instruments are calibrated with the same standards and operated within
similar concentration ranges.

The Fib uses the principle of hydrogen flame ionization to detect and measure total
hydrocarbon vapors. The Fib has a dynamic operating range from 1 to 10, volumetric
parts per million (ppmv) or 100,000 ppmv, depending on the instrument, and provides
a nonspecific response to total hydrocarbons. If concentrations exceed the range of the
instrument, a dilution probe will be attached to the Fib to allow elevated vapor
concentrations to be measured. The instrument is highly sensitive to compounds such
as methane, benzene, and acetone, but is less sensitive to alcohols and halogenated

compounds.
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During operation, a sample is drawn into the probe and transmitted to the detection
chamber by an internal pumping system. Inside the chamber, the sample is exposed to
a hydrogen flame that ionizes the organic vapors. As the organic vapors burn, the ions

produced are collected on an electrode in the chamber, and a current proportional to
the hydrocarbon concentration is generated. This current is measured and displayed on
the meter.

The PID uses a photoionization detector to detect and measure total hydrocarbon
vapors. The instrument has an operating range of 0—2,000 ppm. During operation, a
gas sample is drawn into the probe and past an ultraviolet light source (l0.0-eV lamp)
by an internal pumping system. Contaminants in the sample are ionized, producing an
instrument response if their ionization potential is equal to or less than the ionizing
energy supplied by the l0.0-eV lamp. The radiation produces a free electron for each
molecule of ionized contaminant, which generates a current directly proportional to
the number of ions produced. This current is measured and displayed on the meter.
The PID measures the total value for all species present with ionization potentials of
10.0-eV or less.

6.1.13 Radioactivity Meter

Not applicable.

6.2 CALIBRATION AND QC PROCEDURES FOR FIELD AND
PHYSICAL TEST METHODS

A summary of calibration and QC procedures for field and physical test methods is
given in Table 6.2-1. All field screening data will be flagged with an S data qualifier to
show that the reported data are field level data. The other data qualifiers that will be
used with field data are also shown in Table 6.2-1. Information on immunoassay
testing methods is presented in Exhibit 8 of the FSP. Information on immunoassay
testing methods is presentedin Exhibit B of the FSP.

Table 6.2-1 presents the calibration and QC procedures for each method. These
requirements as well as the corrective actions and data flagging criteria are included.
In this table, the first two columns designate the method number and the class of
analytes that may be determined by the method. The third column lists the method-
required calibration and QC elements. The fourth column designates the minimum
frequency for performing each calibration and QC element. The fifth column
designates the acceptance criteria for each calibration and QC element. The sixth
column designates the mandatory corrective action in the event that a calibration or
QC element does not meet the acceptance criteria. The last column designates the data
flagging criteria that must be applied in the event that the method-required calibration
and QC acceptance criteria are not met.
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— 7.0 ANALYTICAL PREPARATION METHODS AND PROCEDURES

Section 7.1 contains brief descriptions of preparation methods. Section 7.2 contains
subsections for each analytical procedure. Each subsection contains the following
information:

• A brief method description

• A table of PQLs

• A table of QC acceptance criteria

• A table of calibration procedures, QC procedures, and data validation guidelines.

This information was obtained from the Test Methods/or Evaluating Solid Waste,
Physical/ChemicalMethods (SW-846, Third Edition, and its first update) (U.S. EPA
1986); Handbook/or the Installation Restoration Program (7RP) Remedial
Investigations and Feasi bully Studies (RI/F'S) (Handbook), September 1993 (US. Air
Force, 1993); U.S. EPA Contract Laboratory Program National Functional
Guidelines/or Inorganic Data Review, U.S. EPA, Office of Solid Waste and
Emergency Response, Washington, D.C., Publication 9240.1-05-01,
EPA-S4OtR-94-013, PB94-963502, February (U.S. EPA 1994a); and U.S. EPA
Contract Laboratory Program National Functional Guidelines/or Organic Data
Review, U.S. EPA, Office of Solid Waste and Emergency Response, Washington,
D.C., Publication 9240. 1-05, EPA-540/R-94-012, PB94-963501, February (U.S.

— EPA 1994b). Definitions of terms are given in Section 4.0, and data validation
guidelines are presented in Section 8.0.

7.1 PREPARATION METHODS

Extraction, digestion, and cleanup methods for liquid and solid matrices are briefly
described in this section.

7.1.1 Method SW131 1—Toxicity Characteristic Leaching Procedure

Not applicable.

7.1.2 Method SW3005.—Acid Digestion of Aqueous Samples

This method is an acid digestion procedure used to prepare water samples for metals
analysis. The digested samples are analyzed for total recoverable and dissolved metals
determination by eitherflame atomic absorption (FLAA) or graphile furnace atomic
absorption (GFAA) or inductively coupled plasma emission spectroscopy (ICPES).

For analysis of total recoverable metals, the entire sample is acidified at collection time
with nitric acid. At the time of analysis the sample is heated with acid and reduced,
without boiling, to a specific volume. The digestate is then filtered and diluted to
provide the desired concentration for analysis.
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For analysis of dissolved metals, inimediately upon collection the samples are filtered
through a 0.45 micrometer (i.tm) filter and acidified with nitric acid. For analysis, the
sample is heated with acid and reduced in volume. The digestate is again filtered (if
necessary) and diluted to volume.

7.1.3 Method SW3OIO—Acid Digestion for Metais

Not applicable.

7.1.4 Method SW3020—Acid Digestion for Metals

Method SW3020 prepares waste samples for total metals determination by GFAA
spectroscopy. The samples are vigorously digested with nitric acid and then diluted.

7.1.5 Method SW3050—Acid Digestion for Solids, Sediments, and Sludges for
Metals Determinations

Method SW3050 is applicable to the preparation of sediment, sludge, and soil samples
for metals analysis by FLAA or GFAA or ICPES.

A I g (wet weight) sample is treated and digested in nitric acid and hydrogen peroxide.
The digestate is then refluxed with nitric or hydrochloric acid, depending on the type
of analysis to be performed. When using HCI as the final refluxing acid, do not boil
because antimony is volatile and easily lost. A separate aliquot of the sample is dried
for a total solids and/or percent moisture determination.

Some sludge samples can contain diverse matrix types, which may present specific
analytical problems. Spiked samples and any relevant standard reference material are
processed to aid in determining whether method SW3050 is applicable to a given
waste.

7.1.6 Method SW3060—Aikaline Digestion

Not applicable.

7.1.7 SW3500 Series Methods—Orgarnc Extraction and Sample Preparation

The SW3500 series methods are used to quantitatively extract nonvolatile and
SVOCs from various sample matrices. Prior to analysis, a sample of a known volume
or weight is solvent extracted, dried with anhydrous sodium sulfate, and concentrated
in a Kuderna-Danish apparatus.

7.1.S Method SW3510—Separatory Funnel Extraction

Method SW3510 is designed to quantitatively extract nonvolatile and SVOCs from
liquid samples using standard separatory frmnnel techniques. The sample and the
extracting solvent must be immiscible in order to yield recovery of target compounds.

Final
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— Subsequent cleanup and detection methods are described in the organic analytical
method that is used to analyze the extract.

Samples are adjusted to a specified extraction pH and extracted with the appropriate
solvent for the analytical method. Methylene chloride should be employed when a
solvent is not specified. Samples are extracted three times, and the combined extracts
are dried with anhydrous sodium sulfate and concentrated in a Kuderna-Danish
apparatus.

7.1.9 Method SW3520—Continuous Liquid-Liquid Extraction

Not applicable.

7.1.10 Method SW3540—Soxhlet Extraction

— Not applicable.

7.1.11 Method SW3550—Sonication Extraction

Method SW3550 is a procedure for extracting nonvolatile and SVOCs from solids
such as soils and sludges. The sonication process ensures intimate contact of the
sample matrix with the extraction solvent.

A weighed sample of the solid waste is ground and mixed with the extraction media,
then dispersed into the solvent using sonication. The extract is then dried with
anhydrous sodium sulfate and concentrated with a Kuderna-Danish apparatus. The
resulting solution may then be cleaned up or analyzed directly using the appropriate
technique. Methylene chloride is typically used as the solvent, although other solvents
may be used for specific analytical applications.

7.1.12 Method SW3650—Acid-Base Partition Cleanup

Not applicable.

7.1.13 Method SW5030—Purge and Trap Method

Method SW5030 describes sample preparation and extraction for the analysis of
VOCs. The method is applicable to nearly all types of samples, including aqueous
sludges, caustic liquors, acid liquors, waste solvents, oily wastes, water, tars, fibrous
wastes, polymeric emulsions, filter cakes, spent carbons, spent catalysts, soils, and
sediments. The success of this method depends on the level of interferences in the
sample; results may vary due to the large variability and complexity of matrices of
solid waste samples.

A direct purge and trap can be performed for low concentration solid samples. If
higher concentrations are expected, a portion of the solid sample is dispersed in
methanol to dissolve the volatile organic constituents. A portion of the polyethylene
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glycol (PEG), tetraglyme, or methanol solution is combined with water in a purging
chamber. An inert gas is then bubbled through the solution at ambient temperature to
transfer the volatile components to the vapor phase. The vapor is swept through a
sorbent column where the volatile components are trapped. After purging is
completed, the sorbent column is heated and backflushed with inert gas to desorb the
components onto a GC column. For SWSO2O and SW8030, drying of the trap for four
minutes under helium flow is required. For methods SW8OIO, SW8020, and SW8030,
the GC column is heated to elute the components that are detected by an appropriate
detector.

7.2 ANALYTICAL PROCEDURIS

The analytical procedures presented in this section are outlined in Table 7.2-1.

A brief description and three tables for each method are included in the following
subsections. The first table presents the PQLs for each analyte in the method. The
PQLs are presented for both soil and water matrices. The second table presents the
acceptance criteria for the accuracy of spiked analyte and surrogate recoveries. This
table also presents the acceptance criteria for the precision of matrix, field, and
laboratory duplicate recoveries. The third table presents the calibration and QC
procedures for each method. Corrective actions and data flagging criteria are also
included in this table.

In the third table, the first two columns designate the method number and the class of
analytes that may be determined by the method. The third column lists the method-
required calibration and QC elements. The fourth column designates the minimum
frequency for performing each calibration and QC element. The fifth column
designates the acceptance criteria for each calibration and QC element. The sixth
column designates the mandatory corrective action in the event that a calibration or
QC element does not meet the acceptance criteria. The last column designates the data
flagging criteria that will be applied in the event that the methodrequired calibration
and QC acceptance criteria are not met.

7.2.1 Method SWSOIO—llalogenated Volatile Organics

Not applicable.

7.2.2 Method SWSO11—EDB

Not applicable.

7.2.3 Method SWSOL5 (Modified)—Volatile and Extractable Total Petroleum
Hydrocarbons

Not applicable.

Final
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Table 7.2-1. Analytical Procedures

SW Methods Parameter -
8020 Volatile aromatics (water and soil)
8080 Organochlorine pesticides and PCBs (water and soil)
8150 Chlorinated herbicides (water and soil)
8240 Volatile organics (water and soil)
8270 Semivolatile organics (water and soil)
6010 Trace metals (water and soil)
7041 Antimony (water and soil)
7060 Arsenic (water and soil)
7131 Cadmium (water and soil)
7421 Lead (water and soil)
7520 Nickel (water andsoil)
7740 Selenium (water and soil)
7760 Silver (water and soil)
7470 Mercury (water)
7471 Mercury (soil)
EMethods
418.1 Total petroleum hydrocarbons (waler and soil)

Finsi
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7.2.4 Method SWSO2O—Aromatic Volatile Organics

Aromatic volatile organics in water and soil samples are analyzed using
method SW8020. This method (also known as the BTEX method since the compounds
of interest include benzene, toluene, ethylbcnzene, and xylene) is a purge and trap GC
method. An inert gas is bubbled through a water matrix to transferthe volatile aromatic
hydrocarbons from the liquid to the vapor phase. The aromatics are removed from the
inert gas by passing the gas through a sorbent trap, which is then backflushed onto a GC
column with a PID to separate and quanti1' the compounds of interest. Soil samples are
analyzed via extraction with methanol and diluted a minimum of 1:50 in reagent water.
Reporting limits (PQLs) for method SW8020 are presented in Table 7.2.4-1. The
calibration, QC, corrective action, and data flagging requirements are given in
Tables 7.2.4-2 and 7.2.4-3.

7.2.5 Method SW8070—Nitrosamines

Not applicable.

7.2.6 Method SW8080—Organochlorine Pesticides and Polychiorinated
Biphenyls

Organochiorine pesticides and polychlorinated biphenyls (PCBs) in water and soil
samples are analyzed using method SWSO8O. This analytical method involves extraction
of the sample with methylene chloride followed by exchange to hexane and
concentration of the extract. The pesticides and PCBs are separated and quantified by
GC using electron capture detection. Both neat and diluted liquids may be analyzed by
direct injection onto the GC column. Reporting limits (PQLs) for this method are
presented in Table 7.2.6-1. The calibration, QC, corrective action, and data flagging
requirements are given in Tables 7.2.6-2 and 7.2.6-3.

7.2.7 Method SW8140—Organophosphorus Pesticides

Not applicable.

7.2.8 Method SW8150__Chlorinated Herbicides

Method SW8 150 is a GC method for determining selected chlorinated acid herbicides.
The esters are hydrolyzed with potassium hydroxide, and extraneous organic material
is removed by a solvent wash. After acidification, the acids are extracted with solvent
and converted to their methyl esters using diazomethane as the derivaizing agent..
After excess reagent is removed, the esters are determined by GC employing an
electron capture detector. The results are reported as the acid equivalents. Any
compounds identified tentatively in the primary analysis are confirmed on a second GC
column. Reporting limits (PQLs) for herbicides are presented in Table 7.2.8-1. The
calibration, QC, corrective action, and data flagging requirements are given in.
Tables 7.2.8-2 and 7.2.8-3.

Final
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Table 7.2.4-1. PQLS for Method SW8020

..
Parameter/Method Analyte

Water Soil

PQL Unit PQL Unit
Purgeable Aromatic Benzene 2.0 g/L .0.002 mg/kg
Volatiles Chlorobenzene 2.0 ig/L 0.002 mg/kg
SW5030/SW8020 (W, S) 1,2-DCB

1,3-DCB
1,4-DCB
Ethylbenzene
Toluene
Xylenes

4.0
4.0
3.0
2.0
2.0
2.0

jig/L
j.igfL
.tgfL
ig/L
j.tgfL
pg/L

0.004
0.004
0.003
0.002
0.002
0.002

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Final
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Table 7.2.4-2. QC Acceptance Criteria for Method SW8020

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPDJ

Accuracy
Soil
(% R)

Precision
Soil

(% RPD)
SW8020 1,2-DCB

1,3-DCB
1,4-DCB
Benzene
Chlorobenzene
Ethylbenzene
Toluene

61—134

70—131

76—126

76—125

76—129

71—129

70—125

�20
�20� 20

�20� 20

�20
�20

61—134

70—131

76—126

76—125

76—129

71—129

70—125

�30
�30
� 30
�30
� 30
�30
�30

. Xylenes, Total 71—133 �20 71—133 �30

Surrogates:
Bromochlorobenzene
BFB
Difluorobenzene
Fluorobenzene

Trifluorotoluene

46—136

48—138

48—138

44—165

44—165

46—136
48—138
48—138
44—165

44—165

Final
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Table 7.2.6-1. PQLs for Method SW8080

Parameter/Method Analyte
Water Soil

PQL Unit PQL Unit
Organochiorine Aldrin 0.04 g/L 0.003 mg/kg
Pesticides and PCBs Alpha BHC 0.03 jigfL 0.002 mg/kg
SW35101SW8080 Beta BHC 0.06 igfL 0.004 mg/kg
(W) Delta BHC 0.09 pgfL 0.006 mg/kg
SW355OISWSOSO (S) Gamma BBC (Lindane)

Chlordane
(Total/Alpha/Gamma)
4,4-DDD
4,4'-DDE
4,4-DDT
Dieldrin
Endosulfan I
Endosulfan Il
Endosulfan Sulfate
Endiin
Endrin Aldehyde
Heptachlor
HeptachiorEpoxide
Methoxychlor
Toxaphene
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

0.04
0.14
0.11
0.04
0.12
0.02
0.14
0.04
0.66
0.06
0.23
0.03
0.83
1.76
2.4
1,0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

ig/L
ig/L
pig/L
p.ig/L

.tgtL
gfL
ig/L
.igfL
.tg(L
igfL
gfL
g/L
gfL
ptgfL
g/L
j.ig/L
jgfL
pig/L
ig/L
.g/L
zg/L
.ig/L
g.zg/L

0.003
0.009
0.007
0.003
0.008
0.01
0.009
0.003
0.04
0.004
0.02
0.002
0.06
0.1
0.2
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1,0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Finil
H:\WCAPSWELL\QAPP1.DOC 2/12/96 7-14 Recyclcd

-a



Table 7.2.6-2. QC Acceptance Criteria for Method SW8080

Accuracy
Water

Precision
Water

Accuracy
Soil

l'recision
Soil

Method Analyte (% R) (% RPD) (% R) (% RPD)
SW8080 4,4-DDD 48—136 30 48—136 �50

4,4-DDE 45—139 S 30 45—139 5 50
4,4-DDT 34—143 5 30 34—143 � 50
Alpha Chlordane 41—123 s30 41—123 550
Aldrin 47—116 30 47—116 550
AIphaBHC 81—125 30 81—125 550
BetaBHC 51—123 530 51—123 550
Chlordane 45—119 �30 45—119 550
DeItaBHC 76—126 530 76—126 550
Dieldrin 42—132 S30 42—132 550
Endosulfanl 49—143 s30 49—143 550—
Endosulfanil 78—159 530 78—159 550
Endosulfan Sulfate 46—141 30 46—141 � 50
Endrin 43—134 �30 43—134

EndrinAldehyde 75—150 s30 75—150 550
G-Chlordane 41—123 s30 41—123 550

— GammaBHC(Lindane) 73—120 530 73—120 550
Heptachlor 45—128 �30 45—128 50
Heptachior Epoxide 53—134 5 30 53—134 5 50
Methoxychlor 73—142 5 30 73—142 5 50
PCB-1016 54—117 530 54—117 550
PCB-1254 29—131 530 29—131 550
PCB-1242 39—150 530 39—150 550
PCB-1260 41—126 530 41—126 550

Toxaphene 41—126 530 41—126 550

Surrogates:
DCBP 34—133 34—133

TCMX 45—120 45—120

________ Dibutylchlorendate 29—173 _________ 29—173 _________

Final

H:\WFsCASWELL\QAPP7DOC 2112/96 745
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Table 7.2.8-1. PQLs for Method SWS15O

Analyte

Water Soil

PQL Unit PQL Unit

Phenoxy

S)

2,4-D
2,4-DB
2,4,5-T
2,4,5-TP
Dalapon
Dicaxnba

Dichloroprop
Dinoseb
MCPA
MCPP

12.0
9.0
2.0
1.7

60.0
2.7
6.5
0.7

2,500.
0

ptg/L
p.g/L
p.ig/L
tg/L
p.tg/L
pig/L
p.igfL
ig/L
g/L
p.tg/L

0.8
0.6
0.1
0.1
4.0
0.2
0.5
0.05

170.0
130.0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

1,900.
0

Final
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Table 7.2.S-2. QC Acceptance Criteria for Method SW8150

a. Use an analyte and its LCS limit from the
present in the sample as the surrogate.

ii\w1MF.cARswELLQApp7Doc 7JI26

method that is not expected to be

Final

7-24 Recycled

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
SW8150 2,4-D

2,4-DB
2,4,5-T
2,4,5-TP
Dalapon
Dicamba

Dichloroprop

Dinoseb

MCPA
MCPP

65—89

65—89

71—95

76—100

70—122

59—113

63—81

72—90

64—82

88—106

�30
30

3O
� 30
30
30
�30� 30
�30
�30

65—89

65—89

71—95

76—100
70—122

59—113

63—81

72—90

64—82

88—106

�50� 50
�50
� 50
�50
�50
�50� 50
�50
�50
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7.2.9 Method SW8240—Volatile Organics

Volatile (or purgeable) organics in water and soil samples are analyzed using
method SW8240. This method uses a purge and trap GC/mass spectrometry
technique. An inert gas is bubbled through the water samples (or a soil-water slurry for
soil samples) to transfer the purgeable organic compounds from the liquid to vapor
phase. Soil samples with higher contaminant levels are extracted using methanol before
purging. The vapor is then swept through a sorbent trap where the purgeable organics
are trapped. The trap is backflushed and heated to desorb the purgeable organics onto
a GC column where they are separated and then detected with a mass spectrometer.
The species detected and reporting limits (PQLs) for this method are listed in
Table 7.2.9-1.

Calibration—The mass spectrometer is tuned daily to give an acceptable spectrum for
BFB. The tuning acceptance criteria are given in the following list as an ion abundance
for each specified mass:

• 50—I 5 percent to 40 percent of mass 95

• 75—30 percent to 60 percent of mass 95

• 95—base peak, 100 percent relative abundance

• 96.—5 percent to 9 percent of mass 95

• I 73—0 percent to less than 2 percent of mass 174

• 1 74—greater than 50 percent of mass 95

• 175—5 percent to 9 percent of mass 174

• 176—greater than 95 percent, but less than 101 percent of mass 174

• 177—5 percent to 9 percent of mass 176

The IS method is used for quantitation of analytes of interest. For quantitation, RFs
are calculated from the base ion peak of a specific IS that is added to each calibration
standard, blank, QC sample, and sample. The calibration, QC, corrective action, and
data flagging requirements are given in Tables 7.2.9-2 and 7.2.9-3.

Finil
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Table 7.2.9-1. PQLs for Method SW8240

Parameter/Method Analyte

Water
PQL Unit PQL Unit

VOCs Acetone 100.0 .tgfL 0.1 mg/kg
SW8240 (W, S) Benzene 5.0 .tg/L 0.005 mg/kg

Bromodichioromethane 5.0 ggfL 0.005 mg/kg
Bromoform 5.0 g/L 0.005 mg/kg
Bromomethane 10.0 pig/L 0.01 mg/kg
2-Butanone 100.0 pigfL 0.1 mg/kg
Carbon Disulfide 5.0 igfL 0.005 mg/kg
Carbon Tetrachioride 5.0 pigfL 0.005 mg/kg
Chlorobenzene 5.0 pigfL 0.005 mg/kg
Dibromochloromethane 5.0 .ig/L 0.005 mg/kg
Chioroethane 10.0 pigfL 0.01 mg/kg
2-Chioroethyl Vinyl Ether 10.0 .xg/L 0.01 mg/kg
Chloroform 5.0 pig/L 0.005 mg/kg
Chioromethane 10.0 igfL 0.01 mg/kg
1,1-DCA 5.0 ig/L 0.005 mg/kg
1,2-DCA 5.0 .igfL 0.005 mg/kg

— 1,1-DCE 5.0 .tgfL 0.005 mg/kg
Cis12LDCE 5.0 .igfL 0.005 mg/kg
Trans-1,2-DCE 5.0 .tgfL 0.005 mg/kg
1,2-Dichloropropane 5.0 pgfL 0.005 mg/kg
Cis-1,3-Dichloropropene 5.0 jtgfL 0.005 mg/kg
Trans-1,3-Dichloropropene 5.0 .tgfL 0.005 mg/kg
Ethylbenzene 5.0 .tgfL 0.005 mg/kg
2-Hexanone 50.0 igfL 0.05 mg/kg
Methylene Chloride 5.0 pgfL 0.005 mg/kg
4-Methyl-2-Pentanone 50.0 ig/L 0.05 mg/kg
Styrene 5.0 igfL 0.005 mg/kg
1,1,2,2-Tetrachioroethane 5.0 igfL 0.005 mg/kg
Tetrachloroethene 5.0 igfL 0.005 mg/kg
Toluene 5.0 .tgfL 0.005 mg/kg
1,1,1-TCA 5.0 igfL 0.005 mg/kg
1,1,2-TCA 5.0 .ig/L 0.005 mg/kg
TCE 5.0 igfL 0.005 mg/kg
Vinyl Acetate 50.0 .tgfL 0.05 mg/kg
Vinyl Chloride 10.0 j.tgfL 0.01 mg/kg

_________________ Xylenes (Total All Isomers) 5.0 .tgfL 0.005 mg/kg

Final
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Table 7.2.9-2. QC Acceptance Criteria for Method SW8240

Accuracy
Water

Precision
Water

Accuracy
Soil

Precision
Soil

Method Analyte (% R) (% RPD) (% R) (% RPD)
SW8240 Acetone 43—165 �20 43—165

Benzene 51—139 �20 51—139

Bromoform 67—129 �20 67—129

Bromomethane 49—117 � 20 49—117 � 30
2-Butanone 50—163 �20 50—163

Carbon Disulfide 76—i 19 � 20 76—119 � 30
Carbon Tetrachloride 67—125 � 20 67—125 � 30
Chlorobenzene 59—140 � 20 59—140 � 30
Chlorodibromomethane 64—120 � 20 64—120 � 30
Chloroethane 62—1 16 �20 62—1 16

2-Chloroethyl Vinyl 10—305 � 20 10—305 � 30
Ether
Chloroform 65—129 �20 65—129

Chloromethane 38—116 �20 38—1 16

1,1-DCA 62—141 �20 62—141

1,2-DCA 68—135 �20 68—135

1,1-DCE 54—128 �20 54—128

Cis-1,2-DCE 70—131 �20 70—131

Trans-1,2-DCE 61—138 �20 61—138

1,2-Dichloropropane 76-132 � 20 76—132 � 30

Cis-i,3-Dichloropropene 70—122 � 20 70—122 � 30
Trans-1,3- 42—154 �20 42—154

Dichloropropene

Ethylbenzene 59—140 � 20 59—140 � 30
2-Hexanone 47—165 �20 47—165

Methylene Chloride 55—126 �20 55—126

4-Methyl-2-Pentanone 77—i 19 � 20 77—119 � 30

Styrene 71—133 �20 71—133

1,1,2,2- 55—138 � 20 55—138 � 30
Tetrachloroethane

Tetrachloroethylene(pce) 67—13 1 � 20 67—13 1 � 30
Toluene 61—137 �20 61—137

1,1,i-TCA 68—135 �20 68—135

1,1,2-TCA 70—141 �20 70—141

TCE 67—137 �20 67—137

i,2,3-Trichloropropane 76—140 � 20 76—140 � 30

Vinyl Acetate 82—114 �20 82—1 14

Vinyl Chloride 31—121 �20 31—121

Xylenes,Tota.1 68—133 �20 68—133

Final'i 7-32 Rld



Table 7.2.9-2. Concluded

Method Analyte

Accuracy
Water
(V. R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
SW8240
(Concluded)

Surrogates:
Toluene-D8
BFB
1,2-DCA-D4

88—110
86—115
79—118

88—110

86—115
79—118

Final
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7.2.10 Method SW8260—Volatile Organies

Not applicable.

7.2.11 Method SW8270—Semivolatile Organics Analysis

Semivolatile organics (also known as base/neutral and acid extractables) in water and soil
samples are analyzed using method SW8270. This technique determines quantitatively the
concentration of a number of SVOCs. Organic compounds are extracted from the sample
with methylene chloride at pH greater than 12 to obtain base/neutral extractables. Acid
extractable compounds are obtained from the sample by extraction with methylene chloride at
pH2 or less. Both base/neutral and acid extracts are then concentrated by removal of the
methylene chloride through evaporation. Compounds of interest are separated and quantified
using a GC/mass spectrometer. The compounds that can be detected using method SW8270
and the reporting limits (PQLs) are listed in Table 7.2.1 1-1.

The mass spectrometer is tuned every 12 hours to give an acceptable spectrum for DFTPP.
The tuning acceptance criteria are given in the following list as an ion abundance for each
specified mass:

• 5 1—30 percent to 60 percent of mass 198
• 68—less than 2 percent of mass 69
• 70—less than 2 percent of mass 69
• 1 27—40 percent to 60 percent of mass 198
• 197—less than 1 percent of mass 198
• 198—base peak, 100 percent relative abundance
• 199—5 percent to 9 percent of mass 198
• 275—10 percent to 30 percent of mass 198
• 365—greater than 1 percent of mass 198
• 441—present, but less than mass 443
• 442—greater than 40 percent of mass 198
• 443—17 percent to 23 percent of mass 442

The IS method is used for quantitation of analytes of interest. For quantitation, RFs are
calculated from the base ion peak of a specific IS that is added to each calibration standard,
blank, QC sample, and sample. The calibration, QC, corrective action, and data flagging
requirements are given in Tables 7.2.11-2 and 7.2.11-3.
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Table 7.2.11-1 PQLs for Method SW8270
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Parameter/Method Analyte

Water Soil________
PQL Unit PQL Unit

SVOCs
Base/Neutral Extractables
SW3510/SW8270 (W)
SW3550/SW8270 (S)

a

—

Acenapthene
Acenaphthylene
Anthracene
Benzo (a) Anthracene
Benzo (b) Fluoranthene
Benzo (g,h,i) Perylene
Benzo (a) Pyrene
Benzyl Alcohol
Bis (2-Chioroethoxy)

Methane
Bis (2-Chiorethyl) Ether
Bis (2-Chioroiso-Propyl)

Ether
Bis (2-Ethyihexyl)

Phthalate
4-Bromophenyl Phenyl

Ether
Butyl Benzylpht]ialate
4-Chioroaniline
2-Chloronaphthalenc
4-Chlorophenyl Phenyl
Ether

Chrysene
Dibenz (a,h) Anthracene
Dibcnzofuran

Di-n-Butylphthalate
1 ,2-DCB
1,3 -DCB
I ,4-DCB
3.3'-Dichlorobenzidine
Diethyl Phthalate
Dirnethly Phthalate
2,4-DNT
2,6-DNT
Di-n-Octyl Phthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachiorohutadiene
Hexachiorocyclopentadiene
Hexachioroethane

10.0
10.0
10.0
10.0
10.0
10.0
10.0
20.0
10.0

10.0
10.0

10.0

10.0

10.0
20.0
10.0
10.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
20.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

ig/L

p.g/L
xg/L
pg/L
j.ig/L

ig/L
jig! L

jig/L
pg/L

LgfL

jig/L

j.tg/L

.tg/L

jig/L

jig/L
jig/L
jig/L
jig/L
jig/L
jig/L
jig/L
jig/L
jig/L
jigIL
jig/L
jig/L
jig/L
jig/L
jig/L

0.7
0.7
0.7
0.7
0.7
0.7
0.7
1.3
0.7

0.7
0.7

0.7

0.7

0.7
1.3
0.7
0.7

0.7
0.7
0.7
0.7
0.7
0.7
0.7
1.3
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg

mg/kg

mg/kg

mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg



Table 7.2.11-1. Concluded

l'arameterfMethod Analyte

Water SoiI________

PQL Unit PQL Unit

SVOCs
iBaselNeutral Extractables
SW3510/SW8270 (W)
SW3550/SW8270 (S)
(Concluded)

Indeno (q,w,e,-cd) Pyrene
Isophorone
2-Methylnaphthalene
Naphthalene
2-Nilroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
n-Nitrosodiphenyl-Amine
n-Nitrosodipropyl-Axnine
Phenanthrene
Pyrene
1,2,4-Trichlorobenzene

10.0
10.0
10.0
10.0
50.0
50.0
50.0
10.0
10.0
10.0
10.0
10.0
10.0

jig/L
tg/L
pg/L
gfL
jg/L
jgfL
xg/L
gfL
igfL
p.gfL

tg/L
Lg/L
igfL

0.7
0.7
0.7
0.7
3.3
3.3
3.3
0.7
0.7
0.7
0.7
0.7
0.7

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mgflçg

SVOCs Acid Extractables
SW3510/SW8270 (W)
SW3550/SW8270 (S)

Benzoic Acid
4-Chloro-3-Methylphenol
2-Chlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
4,6-Dinitro-2-Methyl-

phenol
2,4-Dinitrophenol
2-Methylphenol
4-Methylphenol
2-Nitrophenol
4-Nitrophenol
Pentachlorophenol
Phenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol

50.0
20.0
10.0
10.0
10.0
50.0

50.0
10.0
10.0
10.0
50.0
50.0
10.0
50.0
10.0

gfL
.tgfL
igfL
pgIL
j.tgfL
j.g/L

jxgfL
pgfL
pgfL
i.tg/L
j.ig/L
j.tg/L
j.ig/L

pg/L
ig/L

1.6
1.3
0.3
0.3
0.3
3.3

3.3
0.3
0.3
0.3
1.6
3.3
0,3
3.3
0.3

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
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Table 7.2.11-2. QC Acceptance Criteria for Method SW8270

Accuracy
Water

Precision
Water

Accuracy
Soil

Precision
Soil

Method Analyte (% R) (% RPD) — (% R) (% RPD)
SW8270 1,2,4-Trichlorobenzene 44—142 � 20 44—142 � 30

1,2-DCB 42—105 � 20 42—105 � 30
1,3-DC 36—109 �20 36—109

1,4-DC 30—107 � 20 30—107 � 30
2,4,5-Trichlorophenol 22—183 � 20 22—183 � 30
2,4,6-Trichiorophenol 39—128 � 20 39—128 � 30
2,4-Dichlorophenol 46—123 � 20 46—123 � 30
2,4-Dimethylphenol 45—139 � 20 45—139 � 30
2,4-Dinitrophenol 30-15 1 � 20 30-15 1 � 30
2,4-DNT 39—139 �20 39—139

2,6-DNT 51—125 �20 51—125
—

2-Chloronaphthalene 60-118 �20 60—118

2-Chlorophenol 41—121 �20 41—121

2-Mcthylnaphthalene 41—123 � 20 41—123 � 30
2-Nitroaniline 50—123 � 20 50—123 � 30
2-Nitrophenol 44—123 � 20 44—123 � 30
3,3'-Diclilorobenzidine 29—183 � 20 29—183 � 30
3-Nitroaniline 51—118 �20 51—118

4,6-Dinitro-2-Mcthyl 26—134 �20 26—134

Phenol

4-BromophenyiPhenyl 53—127 �20 53—127

Ether
4-Chioroaniline 45-136 � 20 45-136 � 30
4-Chloro-3-Methyl Phenol 44-1 17 � 20 44—117 � 30
4-ChiorophenylPhenyl 51—132 �20 51—132

Ether
4-Nitroa.niline 40—143 �20 40—143

4-Nitrophenol 11—131 �20 11—13!

Acenaphthalene 47—115 � 20 47—115 � 30

Acenaphthene 49—124 �20 49—124

Anthracene 45—165 � 20 45—165 � 30
Benzo(a)Anthracene 51—133 �20 51—133

Benzo(a)Pyrene 41—113 �20 41—113

Benzo (b)Fluoranthene 37—119 � 20 37—119 � 30
Eenzo (g,h,i) Pezylene 34—149 � 20 34—149 � 30
Eenzo(k)Fluoranthcne 37—123 �20 37—123

BenzoicAcid 1—162 �20 1—162

BenaylAicohol 35—121 �20 35—121

(.1.) H:\WnAFCARSWELL\7)_I I .DOC
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Table 7.2.11-2. Continued

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision

Soil

(% RPD)
SW8270 Bis (2-Chloroethoxy) 49—104 � 20 49—104 � 30
(Continued) Methane

Bis (2-Chioroethyl) Ether
Bis (2-Chloroisopropyl)

Ether
Bis(2-Ethylhexyl)

Phthalate
ButylBenzylPhthalate
Carbazole
Chrysene
Di-n-Butyl Phthalate
Di-n-OctylPhthalate
Dibenzo (a,h) Anthracene
Dibenzofuran
Diethyl Phthalate
Dimethyl Phthalatc
Fluoranthcnc
Fluorcne
Hexachlorobenzene
Hexachlorobutadiene

Hcxachlorocyclopentadiene
Hexachloroethane

lndeno(1,2,3-c,d)Pyrene

Isophorone
3-Methylphenol
N-Nitrosodi-n-Propylamine
N-Nitrosodiphenylamine
Naphthalene
Nitiobenzenc

2-Methylphenol
p-Chlotoaniline

4-Methylphenol
Pentachlorophenol

Phcnanthrene

Phenol

Pyrcne

44—106

36—166

33—129

26—123

34—132

55—133

34—126

38—127

50—118

52—124

37—114

6—186

47—Ill
48—139

46—133

24-116
41—1 15

7—153

27—160

26—177

41—144

37—117

27—1 16

50—120

46—133

25—125

56—107

33—108

28—136

54—120

17—118

47—136

� 20
� 20

�20

� 20
�20
�20
� 20
� 20
� 20
�20
� 20
� 20
�20
�20� 20� 20� 20� 20
�20
�20
�20� 20
�20
� 20
�20� 20
� 20� 20� 20
�20
�20
�20

44—106

36—166

33—129

26—123

34—132

55—133

34—126

38—127

50—1)8

52—124

37—114

6—186

47—ill
48—139

46—133

24—116

41—115

7—153

27—160

26—177

41—144

37—117

27—116

50—120

46—133

25—125

56—107

33—108

28—136

54—120

17—118

47—136

� 30
� 30

�30

� 30
�30
�30
� 30� 30� 30

�30
� 30� 30
�30
�30� 30� 30
�30
� 30
�30
�30
�30
� 30
�30
� 30
�30� 30
� 30� 30� 30
�30
�30
�30
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Table 7.2.11-2. Concluded

7-45

S

—

S

Method Analyte

Accuracy
Water
(% R)

PrecIsion
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
SW8270
(Concluded)

Surrogales:
Nitrobenzene-D5

2-Fluorobiphenyl
Terphenyl-D14
Phenol-D5
2-Fluorophenol
2,4,6-Tribromophenol

32—115

43—116

42—126
13—108

25—95
22—134

32—115

43—116
42—126
13—108

25—95

22—134
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7.2.12 Method SW8280—Polychlorinated Dibenzo-p-Dioxins and Polychionnated
Dibenzofurans

Not applicable.

7.2.13 Method SWS31O—Polynuclear Aromatic Hydrocarbons

—
Not applicable.

7.2.14 Method SW8330—Explosives

Not applicable.

7.2.15 Method SW6O1O—Trace Elements (Metals) by Inductively Coupled Plasma—
Emission Spectroscopy for Water and Soil

Samples are analyzed for trace elements or metals using method SW6O1O for water and soils.
Analysis for most metals requires digestion of the sample with nitric acid. This digestion is
performed by U.S. EPA method SW3005 for water or U.S. EPA method SW3050 for soil.
Following digestion, the trace elements are determined simultaneously or sequentially using
ICPES. The elements and corresponding reporting limits (PQLs) for this method are listed in
Table 7.2,15-1. The calibration, QC, corrective action, and data flagging requirements are
given in Tables 7.2.15-2 and 7.2.15-3.

FinJ
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Table 7.2.15-1. PQLs for Method SW6O1O

Parameter/Method Analyte
Water Soil

PQL Unit PQL Unit
ICP Screen for Aluminum 0.5 mg/L 50.0 mg/kg
Metals
SW300S/SW6OIO Antimony 0.4 mgfL 40.0 mg/kg(
SW3050/SW6OIO (S) Arsenic

Barium

Beiyllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

0.6
0.02
0.003
0.04
0.1
0.07
0.07
0.06
0.07
0.5
0.3
0.02
0,08
0.15
5,0
0,8
0.07
0.3
0.4
0.08
0.02

mgfL
mgfL
mgfL
mgfL
mgfL
mgTL
mgfL
mg/I.
mgfL
mgfL.
mg/L
mgfL
mg/L
mg/L
mg/I.
mg/L
mgfL
mgfL
mgfL
mgfL
mgfL

60.0
2.0
0.3
4.0

10.0
7.0
7.0
6.0
7.0

50.0
30.0

2.0
8.0

15.0
500.0

80.0
7.0

30.0
40.0
8.0
2.0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Final

H:\WPAP\CARSWELL\QAPP7DOC 2II26 754 Rccycled



—

Table 7.2.15-2. QC Acceptance Criteria for Method SW6O1O

—

—

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
SW6OIO Aluminum

Antimony
Arsenic

Barium

Beryllium
Cadmium
Calcium
Chromium
Cobalt

Copper
Iron

Lead

Magnesium

Manganese

Molybdenum
Nickel

Potassium
Selenium

Silver
Sodium

Thallium

Vanadium

Zinc

84—115

81—112
79—115

85—112

83—114

78—118

84—114

82—115

82—i 13

83—114

84—115

79—116

84—112

84—114

83—1 13

82—1 12
82—114

68—121

75—123

84—115

80—112

82—112

82-113

�15
�15� 15
�15
�15
�15
� 15� 15

� 15

�15
� 15

�15
�15
�15� 15

� 15

� 15

�15� 15

�15
� 15

�15
�15

84—115

81—112

79—115

85—112

83—114

78—118

84—114

82—115

82—1 13

83—114

84—115

79—116

84—112

84114
83—113

82—1 12

82—114

68—121

75—123

84—115

80—112

82—112
82-113

�25
�25
�25
�25
�25
�25
� 25� 25

�25
�25
�25
�25
�25
�25
�25
�25
� 25

�25
�25
�25
�25
�25
�25

Final
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— 7.2.16 Method SW7041—Graphite Furnace Atomic Absorption (Antimony)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3050, as appropriate Discrete
aliquots of sample extract are deposited ina graphite tube furnace in jtL amounts. The
graphite tube is heated resistively by an electrical current. The sample solution is dried
and charred to remove sample matrix components and then atomized at temperatures
sufficient to vaporize the antimony. Matrix modification is used to eliminate
interference effects and may also enhance the vaporization efficiency and allow lower
detection limits. This method usually has a linear analysis range at the ppb or sub-ppb
level. Reporting limits (PQLs) for these analyses are listed in Table 7.2.16-1. The
calibration, QC, corrective action, and data flagging requirements are given in Tables

—
7.2. 16-2 and 7.2.16-3.

Final
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Table 7.2.16-1. PQLs for Method SW7041

Parameter/Method Analyte

Water Soil

PQL Unit PQL Unit

SW3020/SW7041 (W) Antimony
SW3050/SW7041 (S)

0.005 mgfL 0.5 mg/kg

Final
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Table 7.2.16-2. QC Acceptance Criteria for Method SW7041

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy.
Soil

(% R)

Precision
Soil

(% RPD)
SW7041 Antimony 75-122 < 15 75-122 15

Finil
H:\WP'AF\CARSWELL\QAPP7.DOC 2/14196 7-63 Rccyclcd
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7.2.17 Method SW7060—Graphite Furnace Atomic Absorption (Arsenic)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3050, as appropriate. Discrete aliquots of
sample extract are deposited in a graphite tube furnace in pL amounts. The graphite tube is
heated resistively by an electrical current. The sample solution is dried and charred to remove
sample matrix components and then atomized at temperatures sufficient to vaporize the
arsenic. Matrix modification is used to eliminate interference effects and may also enhance the
vaporization efficiency and allow lower detection limits. This method usually has a linear
analysis range at the ppb or sub-ppb level. Reporting limits (PQLs) for these analyses are
listed in Table 7.2.17-1. The calibration, QC, corrective action, and data flagging requirements
are given in Tables 7.2.17-2 and 7.2.17-3.

Finalii 7-68 .ocycIei



Table 7,2.17-1. PQLS for Method SW7060

ParameterlMethod
Water Soil

Analyte PQL Unit PQL Unit

SW3020/SW7060 (W)
SW3050/SW7060 (S)

Arsenic 0.005 mg/L 0.5 mg&g

Final

H:\\Wr\CARSWELL\QAPP7DOC v14.9e 7-69



Table 7.2.17-2. QC Acceptance Criteria for Method SW7060

7-70
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a

7.2.18 Method SW7131—Graphite Furnace Atomic Absorption (Cadmium)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3050, as appropriate. Discrete aliquots of
sample extract are deposited in a graphite tube furnace in &L amounts. The graphite tube is
heated resistively by an electrical current. The sample solution is dried and charred to remove
sample matrix components and then atomized at temperature sufficient to vaporize the
cadmium. Matrix modification is used to eliminate interference effects and may also enhance
the vaporization efficiency and allow lower detection limits. This method usually has a linear

— analysis range at the ppb or sub-ppb level. Reporting limits (PQLs) for these analyses are
listed in Table 7.2.18-1. The calibration, QC, corrective action, and data flagging requirements
are given in Tables 7.2.18-2 and 7.2.18-3.

Final
H:\WP\AFCARZWELLQA?P7.DOC vI 7-75 Recyckd



Table 7.2.18-1. PQLS for Method SW7131

Finsi
H:\WP'AFCARSWELL'QAPP7DOC V1496 7-76 Recycled



a

—

Table 7.2.18-2. QC Acceptance Criteria for Method SW7131

Accuracy Precision Accuracy Precision
Water Water Soil Soil

Method Analyte (% R) (% kPD) (% R) (% RPD)
SW7131 Cadmium 80—122 �15 80—122 �25

Final
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7.2.19 Method SW7190—Graphite Furnace Atomic Absorption (Chromium)

Not applicable.

7.2.20 Method SW7196—Graphite Furnace Atomic Absorption (Colorimetric)

Not applicable.

7.2.21 Method SW7421—Graphite Furnace Atomic Absorption (Lead)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3050, as appropriate. Discrete aliquots of
sample extract are deposited in a graphite tube furnace in &L amounts. The graphite tube is
heated resistively by an electrical current. The sample solution is dried and charred to remove
sample matrix components and then atomized at temperature sufficient to vaporize the lead.
Matrix modification is used to eliminate interference effects and may also enhance the
vaporization efficiency and allow lower detection limits. This method usually has a linear
analysis range at the ppb or sub-ppb level. Reporting limits (PQLs) for these analyses are
listed in Table 7.2.21-1. The calibration, QC, corrective action, and data flagging requirements
are given in Tables 7.2.21-2 and 7.2.21-3.
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Table 7.2.21-1. PQLs for Method SW7421

Finil
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Table 7.2.21-2. QC Acceptance Criteria for Method SW7421

F
I
L Method Analytc

[W7421 Lead

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
74-124 �15 74-124 �25
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7.2.22 Method SW7470/SW7471—Mercury Manual Cold-Vapor Technique

Water and soil samples are analyzed for mercury using methods SW7470 and SW7471,
respectively. This method is a cold-vapor, flameless AA technique based on the absorption of
radiation by mercury vapor. Mercury is reduced to the elemental state and aerated from
solution in a closed system. The mercury vapor passes through a cell positioned in the light
path of an AA spectrophotometer. Mercury concentration is measured as a function of
absorbance. The reporting limits (PQLs) for these methods are listed in Table 7.2.22-1. The
calibration, QC, corrective action, and data flagging requirements are given in Tables 7.2.22-2
and 7.2.22-3.

FInI
H\WP\AFCAR8WELL\QAPP7.DOC Z'14/96 7-89 Recycled
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Table 7.2.22-1. PQLS for Method SW7470/SW7471

Parameter/Method Analyte

Water Soil

PQL Unit PQL Unit

SW7470 (W)
SW7471 (S)

Mercury 0.001 mgfL 0.1 mg/kg
_______

Finil

Ii\WP\AP\CARSWELLQAPP7DOC vI 7-90 Rcq,ckd
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Table 7.2.22-2. QC Acceptance Criteria for Method SW7470/SW7471

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(V. RPD)
SW7470
SW7471

Mercury 77—120 �15 77—120 �25

Final

H\WP\AF\CARSWELLVAPP7.DOC vi 4 7-91 RecycId
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7.2.23 Method SW7740—Graphite Furnace Atomic Absorption (Selenium)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3050, as appropriate. Discrete aliquots of
sample extract are deposited in a graphite tube furnace in iL amounts. The graphite tube is
heated resistively by an electrical current. The sample solution is dried and charred to remove
sample matrix components and then atomized at temperatures sufficient to vaporize the
selenium. Matrix modification is used to eliminate interference effects and may also enhance
the vaporization efficiency and allow lower detection limits. This method usually has a linear
analysis range at the ppb or sub-ppb level. Reporting limits (PQLs) for these analyses are
listed in Table 7.2.23-1. The calibration, QC, corrective action, and data flagging requirements
are given in Tables 7.2.23-2 and 7.2.23-3.

Final
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Table 7.2.23-1. PQLS for Method SW7740

Parameter/Method Analyte

Water Soil

PQL Unit PQL Unit
SW7740 Selenium 0.005 mgI

L
0.5 mg/kg

Finil
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Table 7.2.23-2. QC Acceptance Criteria for Method SW7740

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
SW7740 Selenium 73-122 � 15 73-122 � 25

Final
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7.2.24 Method SW7841—Graphite Furnace Atomic Absorption (Thallium)

Not applicable.

7.2.25 Method SW7911—Graphite Furnace Atomic Absorption (Vanadium)

Not applicable.

7.2.26 Method SW9O1O/SW9012—Total Cyanide and Cyanide Amenable to
Chlorination

Not applicable.

7.2.27 Method SW9056—Common Anions

Not applicable.
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8.0 DATA REDUCTION, REVIEW, VERIFICATION, REPORTING,
VALIDATION, AND EECORDKEEPING

The data reduction, review, reporting, and validation procedures described in this
section will ensure that (1) complete documentation is maintained, (2) transcription
and data reduction errors are minimized, (3) the data are reviewed and documented,
and (4) the reported results are qualified properly. Laboratory data reduction and
verification procedures are required to ensure that the overall objectives of analysis
and reporting meet method and project specifications.

8.1 DATA REVIEW, VALIDATION, AND REPORTING REQUIREMENTS
FOR DEFINITIVE DATA

In each analytical section, the analyst performing the tests will review 100 percent of
the results of the environmental samples in a given batch for validity based on the
calibration and QC criteria set forth in Section 7.0 ofthis QAPP. After the analyst's
review has been completed, 100 percent of the data will be reviewed independently by
a senior analyst or by the supervisor of the respective analytical section using the same
criteria, Data qualifiers will be added, if necessary, at this stage of the review. In
addition, appropriate case narratives will be added to explain any nonconformance
issues. When data are qualified, the senior analyst or supervisor will apply a final
qualifier to any data that have been affected by multiple qualifiers. This final qualifier
will reflect the most severe qualifier that was applied to the data. The hierarchy of data
qualifiers, listed in order of the most severe through the least severe, are R, J, and B. U
and S designators will be maintained in the final data qualification if they appeared in
prior qualifications. Therefore, the allowable final data qualifiers are R, .J B, RU, JV
BU, RS, JS, BS, S, and U The procedures for applying flags to data are described in
Section 7.0.

The data qualifiers are shown in Table 8.1-i. A summary of the flagging conventions
of organic methods is given in Table 8.1-2. A summary of the flagging conventions of
inorganic methods is given in Table 8.1-3.

Data will be summarized and discussed in the Technical Report to be prepared
following completion of the field effort. Copies of all data will be included as an
appendix to this report, and data will also be submitted electronically in an IRPIMS-
compatible form at. The Statement of Work for this project does not require an
Analytical Data Informal Technical Information Report or aformal IRPIMS
submittal.

Next, the QA section will review 10 percent of the completed package. The
completed package will then be sent to the laboratory project manager for a
100 percent review. The project manager will cross check the laboratory and field

Final
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identifications, available field records, data completeness, and project-specific
requirements from the approved QAPIP and SOW.

Table Li-i. Data Qualifiers

i:\WvAF\CARSWELL'QAPPSDOC 8-2
Final

kecycled

Se

Qualifier Description

J The analyte was identified positively, but the associated numerical value is
the approximate concentration of the analyte in the sample.

U The analyte was analyzed for, but not detected. The associated numerical
value is <PQL.

UI The analyte was not detected above the PQL. However, the given PQL
value is an estimated value.

R The data are unusable due to deficiencies in the ability to analyze the sample
and meet QC criteria.

B The analyte was found in the associated blank, as well as in the sample.

S To be applied to all field screening data.
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At each stage of the review, the reviewers will sign and date a cover sheet to verif' that
the review was completed, and this cover sheet will be included in the final package.

The prime contractor's project manager shall review the entire package, including the
field records, apply the final data qualifiers for the screening and definitive data, and
determine whether the DQOs for the specific project have been met. Results of this
review shall be documented in the project package delivered to AFCEE.

8.1.1 Quality Assurance Reports

Not applicable.

8.1.2 IRP1MS Electronic Data Reports

Not applicable.

-S

8.1.3 Hardcopy Data Reports

Not applicable.

8.1.4 Archiving

Hardcopy and electronic data are archived in project files and on electronic archive
tapes for a minimum of five years. Hardcopy data are filed by field event, site, and/or
analytical batch depending upon the type of project. Data files provided by the
laboratories are maintained in the project files.

8.2 DATA VALIDATION FOR DEFINI11VE DATA

Not applicable.

8.3 DATA REPORTIIG, REVIEW, AND VALIDATION FOR FIELD
METHODS

Data packages shall be prepared for all field analyses. Field analyses will include
immunoassay testingfor B TEX and PA H.

• Field idenrJIcation number

• Instrument or kit operator
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• Date collected

• Date analyzed

• Method

• Result for each analyte

• Units
• Calibration logs

- Instrument or kit number

- Instrument or kit calibrator

- Date and time calibrated

- Precalibration and postcalibration measurements

- Calibration standards.

Analysts and supervisors shall perform a 100 percent review of the data. Ten percent of
these data will be reviewed by the QA department. All screening data will be qualified
with an S flag and may be fi.n-ther qualified if critical calibration and QC requirements
are not acceptable.

8.4 PROJECT DATA FLOW AND TRANSFER

Data flow from the laboratory and field to the project staff and data users follows
established procedures to ensure that data are properly tracked, reviewed, and
validated for use. Data shall be tracked as described in Section 1.2.2 of the Field
Sampling Plan (Attachment I to this document).

8.5 RECORDKEEPING

The laboratory will maintain records sufficient to recreate each analytical event
conducted pursuant to the SOW. At a minimum, the records shall contain the

following:

• COCforrns
• Initial and continuous calibration records including standards preparation traceable

to the original material and lot number

• Instrument tuning records (as applicable)

• Method blank results

• IS results
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— • Surrogate spiking records and results (as required)

• Spike (and spike duplicate) records and results

• Laboratory records

• Raw data, including instrument printouts, bench work sheets, and/or
chromatograin with compound identification and quantitation reports

• Corrective action reports

• Other method- and project-required QC samples and results

• Laboratory-specific written SOPs for each analytical method and QA/QC fi.inction.
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9.0 SYSTEMS AND PERFORMANCE AUDiTS, PERFORMANCE
EVALUATION PROGRAMS, AND CERTIFICATIONS

Technical systems and performance audits will be performed as independent
assessments of sample collection and analysis procedures. Audit results will be used to
evaluate the ability of an analytical contractor to (1) produce data that fi.ilfill the
objectives established for the program, (2) comply with the QC criteria, and
(3) identii' any areas requiring corrective action. The systems audit is a qualitative
review of the overall sampling or measurement system, while the performance audit is
a quantitative assessment of a measurement system. Full data validation is also a
quantitative check of the analytical process, where all documentation and calculations
are evaluated and verified; data validation is discussed in Section 8.0.

9.1 PROJECT AUDiTS

Audits by various state and federal agencies are commonly conducted for the
laboratories that will analyze project samples. Audit reports from these agencies will
be reviewed by project staff to determine whether data produced by the analytical
contractor fulfill the objectives of the program. A spec/ic analytical subcontractor
has not been se/ectedfor this project,

Audit findings will be transmitted to the project staff and the AFCEE. The report will
also include discussion of recommended corrective actions or procedural changes, as
indicated by the audit results. The audit results and discussion will be incorporated
into the QA report for each sampling effort.

9.1.1 Technical Systems Audit

A technical systems audit is an on-site, qualitative review of the sampling or analytical
system to ensure that the activity is being performed in compliance with the QAPP,
Work Plan, and FSP specifications. Sampling and field procedures Will be audited at
the beginning of the field work. A laboratory systems audit will be performed by
AFCEE if previous audit reports indicate that corrective actions are outstanding, a
recent audit has not been conducted, or quality concerns have arisen based upon the
use of that laboratory for other projects. The laboratory systems audit results will be
used to review laboratory operation and ensure that the technical procedures and
documentation are in place and operating to provide data that fulfill the project
objectives and that outstanding corrective actions have been addressed.

Critical items for a laboratory or field systems audit include:

• Sample custody procedures
• Calibration procedures and documentation

9-I Final
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• Completeness of data forms, notebooks, and other reporting requirements
• Data review and validation procedures
• Data storage, filing, and recordkeeping procedures
• QC procedures, tolerances, and documentation
• Operating conditions of facilities and equipment
• Documentation of training and maintenance activities
• Systems and operations overview

Critical items for a sampling systems audit include:

• Calibration procedures and documentation for field equipment
• Documentation in field logbooks and sampling data sheets
• Organization and minimization of potential contamination sources while in

the field
• Proper sample collection, storage, and transportation procedures
• Compliance with established COC and transfer procedures

After each audit, a debriefing session will be held for all participants to discuss the
preliminary audit results, The auditor will then complete the audit evaluation and
submit an audit report including observations of strengths, deficiencies, and
recommendations for improvements. Compliance with the specifications presented in
this QAPP will be noted; noncompliance or deviations will be addressed in writing by
the laboratory or field manager to the audit agency, with corrective actions listed and a
timeframe for implementation established. Follow-up audits will be performed prior to
completion of the project to ensure that corrective actions have been taken.

9.1.2 Project-Specific Performance Audits

Performance audits quantitatively assess the data produced by a measurement system.
A performance audit involves submitting project-specific PE samples for analysis for
each analytical method used in the project. The project-specific PE samples are
selected to reflect the expected range of concentrations for the sampling program. The
performance audit answers questions about whether the measurement system is
operating within control limits and whether the data produced meet the analytical QA

specifications.

The project-specific PE samples are made to look as similar to field samples as
possible and are submitted as part of a field sample shipment so that the laboratory is
unable to distinguish between them. This approach ensures unbiased sample analysis
and reporting by the laboratory.

Critical items for review of PE results are:

9-2 Final
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• Correct identification and quantitation of the PE sample analytes, within project
specifications

• Accurate and complete reporting of the results

• Measurement system operation within established control limits for precision and
accuracy

The concentrations reported for the PE samples will be compared to the known or
— expected concentrations spiked. The percent recovery will be calculated and the results

assessed according to the accuracy criteria for the LCS presented in Section 7.0. If the
accuracy criteria are not met, the cause of the discrepancy will be investigated and a
second PE sample will be submitted. The project staff, AFCEE, and agencies will be
notified of the situation at the earliest possible time and will be kept up to date
regarding corrective actions and subsequent PE sample results.

Project-spec/Ic performance audits will not be performedjor this project. Spot
checks will be made of analytical results 10 evaluate precision, accuracy,

—
represenlativeness, completeness, and comparability.

9.1.3 Internal Audits

Internal audits will be performed on a schedule that allows complete assessment of the
—

operation on at least an annual basis. Internal audits may be systems audits,
performance audits, or follow-up audits to verif' that corrective actions have been
taken in response to findings from other audits.

A specfic analytical subcontractor has not yet been selected

9.2 OTHER PERFORMANCE EVALUATION SAMPLE PROGRAMS

All laboratories participate in the EPA FE programs (e.g., water supply and water
pollution studies) or equivalent programs for state certifications. Satisfactory
performance in these nonproject-speciflc FE programs also demonstrates proficiency in
methods used to analyze AFCEE samples. The laboratory responds to unacceptable
PE results with documented corrective actions to demonstrate resolution of the
problems.

An analytical subcontractor has not been selected at the time of this report.
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9.3 CERTLFICATIONS AND TRAINING

Training will be provided to all project personnel to ensure compliance with the health
and safety plan and technical competence in performing the work effort.
Documentation of this training will be maintained in the records of the contracted

organizations.

A specflc analyticalsubcontractor has nor yet been selected
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10.0 PREVENTWE MAINTENANCE

A preventive maintenance program is in place to promote the timely and effective
completion of a measurement effort. The preventive maintenance program is designed
to minimize the downtime of crucial sampling and/or analytical equipment due to
unexpected component failure. In implementing this program, efforts are focused in
three piimaiy areas:

• Establishment of maintenance responsibilities

• Establishment of maintenance schedules for major and/or critical instrumentation
and apparatus

• Establishment of an adequate inventory of critical spare parts and equipment

10.1 MAINTENANCE RESPONSIBILITIES

Maintenance responsibilities for equipment and instruments are assumed by the
respective facility managers. The managers then establish maintenance procedures and
schedules for each major equipment item, This responsibility may be delegated to
laboratory personnel, although the managers retain responsibility for ensuring
adherence to the prescribed protocols.

10.2 MAINTENANCE SCHEDULES

The effectiveness of any maintenance program depends to a large extent on adherence
to specific maintenance schedules for each major equipment item. Other maintenance
activities are conducted as needed. Manufacturers' recommendations provide the
primary basis for the established maintenance schedules, aiid manufacturers' service
contracts provide primary maintenance for many major instruments (e.g., GC/mass
spectrometry instruments, atomic absorption[AA] spectrometers, and analytical
balances).

10.3 SPARE PARTS

Along with a schedule for maintenance activities, an adequate inventory of spare parts
is required to minimize equipment downtime. The inventory includes those parts (and
supplies) that are subject to frequent failure, have limited useful lifetimes, or cannot be
obtained in a timely manner should failure occur.

Field sampling task leaders and the respective laboratory managers are responsible for
maintaining an adequate inventory of spare parts. In addition to spare parts and supply

Finil
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inventories, the contractor will maintain an in-house source of backup equipment and
instrumentation.

10.4 MAINTENANCE RECORDS

Maintenance and repair of major field and laboratory equipment will be recorded in
field or laboratory logbooks. These records will document the serial numbers of the
equipment, the person performing the maintenance or repairs, the date of the repair,
the procedures used during the repair, and proof of successful repair prior to the use of
the equipment.
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11.0 CORRECTIVE ACTION

Requirements and procedures for documenting the need for corrective actions are
described in this section.

11.1 CORRECTIVE ACTION REPORT

Problems that require corrective action in the laboratory are documented by the use of
a corrective action report. The QA coordinator or any other laboratory member can
initiate the corrective action request in the event that QC results exceed acceptability
limits, or upon identification of some other laboratory problem. Corrective actions can
include reanalysis of the sample or samples affected, resampling and analysis, or a
change in procedures, depending upon the severity of the problem.

11.2 CORRECTIVE ACTION SYSTEM

A system for issuing, tracking, and documenting completion of formal
Recommendations for Corrective Action (RCA) exists for addressing significant and
systematic problems. Recommendations for corrective actions are issued only by a
member of the QA group, or a designee in a specific QA role. Each RCA addresses a
specific problem or deficiency, usually identified during QA audits of laboratory or
project operations. An RCA requires a written response from the party to whom the
RCA was issued. A summary of unresolved RCAs is included in the monthly QA
report to management. The report lists all RCAs that have been issued, the manager
responsible for the work area, and the current status of each RCA. An RCA requires
verification by the QA group that the corrective action has been implemented before
the RCA is considered to be resolved. In the event that there is no response to an RCA
within 30 days, or if the proposed corrective action is disputed, the recommendation
and/or conflict is pursued to successively higher management levels until the issue is
resolved.

11.2.1 Response

Corrective action will be initiated when potential or existing conditions are ident/ied
that ma-y adversely impact data quantity or quality. It will be ihe responsibility of the
individual who first recognizes an out-of-control event to initiate corrective action.

Events that may require corrective action include the following:

• Violation of established field procedures

• Violation of established field analyf ical procedures or controls
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• Results of performance, system, or project QA audits.

Corrective action may take several forms, but the following steps are almost always
included:

• Check the calculations orfieldforms

• Check the insirwnents for proper Setup and calibration

• Reanalyze the control item.

The Jacobs Project Manager, Site Manager, QA Manager, and sampling personnel
may be involved in the corrective action. A II personnel are trained to recognize and
report out-of-control conditions to supervisors. QA personnel are authorized to stop
work until the need/or corrective action is assessed

The corrective action may be immediate or long term. A corrective action requiring
immediate response may be recalculation, reanalysis, or repeating sample collection.
Long-term corrective action may be ident/Ied through, but not limited to,
performance evaluation samples, standards, and control charts.

11.2.2 Reestablishment of Control

Immediate corrective action is usually applied to spontaneous, nonrecurring
problems. Instrument and equipment malfunctions, and nonconforming field
procedures are amenable to this type of action. The individual who suspects
nonconformance to previously established criteria or protocol in equipment,
instruments, data, or methods will immediately no1fy his/her supervisor. The
supervisor and the appropriate task leader will investigate the extent of the problem
and take the necessary corrective steps. I/a large quantity 0/datais affected, the
task leader will prepare a memorandum to the QA Manager. These individuals will
collectively decide how to proceed

Long-term corrective action procedures are devised and implemented to prevent the
recurrence of a potentially serious problem. The QA Manager will be not4jied of the
problem and will conduct an invesligat ion to determine the severity and extent of the
problem. A corrective action report will be filed with the project manager, field
manager, and program manager. In the case 0/a dispute, the Jacobs corporate QA
Director will make afinal determination. If corrective action will affect the project
budget or schedule, the action requires involvement of the Air Force Project
Manager.
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12.0 QUALiTY ASSURANCE REPORTS TO MANAGEMENT

On a periodic basis the QA coordinator will prepare a summary report of the status of
the project, of QA/QC problems, corrective actions taken, and unresolved RCAs with
recommended solutions for management. The report will also include results from all
PE samples, audit findings, and periodic data quality assessments. This report will be
available for review by auditors upon request.

12.1 REPORTING PROCEDURE

The Jacobs QA Direcror or his designee may, at the request of the Air Force, prepare
QA reports that document all audited field or analytical QC activities. These reports
will be submitted to the Project Manager upon completion offleidwork.

12.2 REPORTING SCOPE AND CONTENT

If a QA report is requested, the report may include the following:

• QA activities and quality of collected data;

• equipment calibration and preventive maintenance activities;

• results of data precisi on calculations;

• evaluation of data completeness and contract compliance;

• field and analytical QA findings and recommended and/or implemented
corrective actions;

• results of QA audit findings;

• project status and anticipated completion dates for important tasks; and

• any changes to procedures documented in the QAPP.

Summary audit reports may be prepared after each task is completed to inform the
staff and management of QA status. A final audit report for the project will include
the following:

• periodic assessment of measurement data precision, and completeness;

• results of performance audits and/or systems audits;

• sign/Ican1 QA problems and recommended solutionsforfuture projects; and

• status of solutions to any problems previously iden/Ied.
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Any incidents requiring corrective action willbe documented The summary of
findings will be factual, concise, and complete. These reports will be addressed to
the Jacobs Project Manager and QA Director.
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a
AA atomic absorption
AFCEE Air Force Center for Environmental Excellence
A3LA American Association for Laboratory Accreditation
ASTM American Society for Testing and Materials

HFB bromofluorobenzene
BHC benzene hexachloride
BTEX benzene, toluene, ethylbenzene, xylene

degrees Celsius
CCC calibration check compound
CERCLA Comprehensive Environmental Response, Compensation, and

Liability Act
CFR Code of Federal Regulation
CI confidence interval
CLP Contract Laboratory Program
COC chain of custody
COR Contracting Officer's Representative

—

2,4-D 2,4-dichlorophenoxy acetic acid
2,4-DB 2,4-dichiorophenoxy butyric acid
DCA dichioroethane
DCB dichlorobenzene
DCE dichioroethene
DDD dichlorodiphenyldichloroethane
DDE dichlorodiphenyldichloroethene
DDT dichiorodiphenyltrichioroethane
DNT dinitrotoluene
DOD Department of Defense
DQO data quality objective

EICIP extracted ion current profile
EPA U S. Environmental Protection Agency

FID flame ionization detector
FLAA flame atomic absorption
FS feasibility study
FSP field sampling plan

G glass
GC gas chromatography
GFAA graphite furnace atomic absorption

Final

H:\W1W'CARSLL\QAPPOLOSDOC 2/1 296 GL1



Handbook Handbook for the Installation Restoration Program (IRP) Remedial
Investigation and Feasi bility Studies (Rl/FS), September 1993

HCI hydrochloric acid
11N03 nitric acid
HPLC high-performance liquid chromatography
112S04 sulfuric acid
HSP Health and Safety Plan

ICP inductively coupled plasma
ICPES inductively coupled plasma emission spectroscopy
ICS interference check standard
iRA Interim Remedial Action
IRPIMS Installation Restoration Program Information Management System
IS internal standard

JRB Joint Reserve Base

LCL lower control limit
LCS laboratory control sample

MCPA (4-chloro-2-methylphenoxy) acetic acid
MCPP 2-(4-chloro-2-methylphenoxy) propionic acid
MDL method detection limit

mg/kg milligrams per kilogram
mg/L milligrams per liter
MS matrix spike
MSD matrix spike duplicate

NAS Naval Air Station
Na3S2O3 sodium thiosulfate
NIST National Institute of Standards and Technology

P polyethylene
PAil polynuclear aromatic hydrocarbon
PCIB polychlorinated biphenyl
PE performance evaluation
PEG polyethylene glycol
PID photoionization detector
POC point of contact
PQL practical quantitation limit

QA quality assurance
QAPP quality assurance project plan
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QC quality control

R recovery
RCA recommendations for corrective action
RF response factor

- RI remedial investigation
RPD relative percent difference
RSD relative standard deviation

SARA Superfiind Amendments and Reauthorization Act
— SHSC SiteHealth and Safey Coordinator

SPCC system performance check compound

— SVOC semivolatile organic compound

2,4,5-T 2,4,5-trichiorophenoxy acetic acid
T California brass
TCA trichioroethane
TCE trichioroethene
2,4,5-TP 2,4,5-trichlorophenoxy acetic acid (silvex)
TPH total petroleum hydrocarbon

— UCL upper control limit
UST underground storage tank

VOC volatile organic compound

SYMBOLS

pg/kg micrograms per kilogram
pgfL micrograms per liter
pm micrometer
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APPENDIX A

Exceptions to QAPP Procedures

S

H\WIMF\CARSWELL\QAP-ftJ'PkDOC ?J15f96



—

:.:

This appendix includes information on Method E418. I for total recoverable
petroleum hydrocarbons. The Air Force does not recommend use of this method due
to the interest in eliminating the use of ozone-depleting substances. The extraction
process for Method E418. I uses Freon-113, which is an ozone-depleting substance.
However, the Texas Natural Resource Conservation Commission requires use of this
method to characterize soils associated with petroleum storage tank removal. Jacobs
will request Air Force approval to use Method E418. 1 on this project.

Total Petroleum Hydrocarbons (TPH). Method E418. I Oil and grease are removed
from the sample with a series offreon (fluorocarbon-113) extractions. The extract is
treated with silica gel to remove polar materials, leaving only the recoverable
petroleum hydrocarbons. Method E418. I is an infrared (IR) spectrophotometric
analysis of TPH. Hydrocarbons include gasoline-range organics (GRO), diesel-
range organics (DRO), and residual extractable hydrocarbons (motor oil and
lubricants) and will be reported as a total concentration value in mg/kg. The
Practical Quantitalion Limit (PQL) is presented in Table A-I. The calibration,
Quality Control (QC), corrective action, and data flagging requirements are given in
Tables A-2 andA-3.

Table A-i
PQL for Method E418. I

Analyte

Accuracy
Water
(%R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
Refrrence oil

(n-hexadecane,
isooctane, and 60-130 �30 50-140 �50
chlorobenzene)
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Method

Air Force Practical
Quantitation Limit

Water Soil/Sediment
Parameter w = water s = soil Analyte (pg/L) (mg/kg)

Total Petroleum
Hydrocarbons E418. I (w & s) TPH 1 30

TableA-2 QCAcceplance Criteria for Method E418. I
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— MethodS W7520—Graphite Furnace Atomic Absorption (Nickel)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3 050, as appropriate. Discrete
all quots of sample extract are deposited in a graphite tube furnace in uL amounts.
The graphite tube is healed resistively by an electrical current. The sample solution is
ifried and charred to remove sample matrix components and then atomized at
temperatures sufficient to vaporize the nickel. Matrix mod/ication is used to
eliminate interference effects and may also enhance the vaporization efficiency and

— allow lower detection limits. This method usually has a linear analysis range at the
ppb or sub-ppb level. Reporting limits (P QL5) for these analyses are listed in
Table A-4. The calibration, QC, corrective action, and data flagging requirements
are given in Tables A-5 andA-6.

—

—

—

Final
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Table A-4 PQLs for Method SW7760

Parameter/Method Analyte PQL

Water Soil
Unit PQL Unit

SW7520 Nickel 0.0) mg/L 1.0 mg/kg

Fin*I

H:\WF.AFCABSWELL\QAP.APPADOC 2/15/96 A8 RcycId



S

— TableA-S QC Acceptance Criteria for Method SW7520

—

—

Method Analyte

Accuracy
Water
(% R)

Precision
Water

(% RPD)

Accuracy
Soil

(% R)

Precision
Soil

(% RPD)
8W7520 Nickel 75-125 �15 75-125 �25

I{:\WTAF\CARSWELL\QAP-APPADOC 2/15/96 A 9
Fin1
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Method S W7760—Graphite Furnace Atomic Absorption (Silver)

GFAA is used to measure low concentrations of metals in water and soil samples. The
samples are extracted using method SW3005 or SW3050, as appropriate. Discrete
aliquots of sample extract are deposited in a graphite tube furnace in ML amounts.
The graphite tube is heated resistively by an electrical current. The sample solution is
dried and charred to remove sample matrix components and then atomized at
temperatures sufficient to vaporize the silver. Matrix modfi cation is used to eliminate
interference effects and may also enhance the vaporization efficiency and allow lower
detection limits. This method usually has a linear analysis range at the ppb or
sub-ppb level. Reporting limits (P QLs) for these analyses are listed in Table A-7. The
calibration, QC, corrective action, and data flagging requirements are given in
TablesA-8 andA-9.

Final
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Table A- 7 PQLs for Method SW7760

Waler
Parameter/Method Analyte PQL Unit

Soil
PQL Unit

SW7760 Silver 0.001 mg/L 0.1 mg/kg

Final

H:\WP'AFCARSWELL\QAP-APPADOC 2/15/96 A15



,M.

Table A-8 QCAcceptance Criteria for Method SW7760

I
I

Accuracy
Water

Precision
Water

Accuracy
Soil

Precision
Soil

Method Analyte (P4 R) (% RPD) ('4 R) (% RPD)

I5w7760 Silver 75-125 �15 75-125 �25

Final
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-- _________ __________

1.0 FIELD SAMPLING PLAN

—
This Field Sampling Plan (FSP) prepared by Jacobs describes procedures that will be

used to conduct activities during the field investigations for the removal/upgrade of

underground storage tanks (USTs) and interim remedial action (IRA) for the golf

course maintenance yard at Naval Air Station (NAS) Fort Worth. The description and

rationale for the field activities are described in the Work Plan. This FSP is a

companion document to the Work Plan, and is presented as an attachment to the

Quality Assurance Project Plan (QAPP). The FSP was prepared based on guidance.

found in the Handbook to Support the Installation Restoration Program (IRP)

Remedial Investigations and Feasibility Studies (RI/PS), Volume 1 (Air Force 1993).

The following sections describe the procedures and requirements for field operations,

environmental sampling, field measurements, field QA/QC, record keeping, and site

management during the field investigation.

1.1 FIELD OPERATIONS

— The field investigation for this project will include the following activities:

• site reconnaissance, preparation, and restoration;

• subsurface soil sampling at the golf course maintenance yard using hand auger
techniques;

• soil sampling from lIST excavations using the backhoe bucket;

• soil sampling along UST piping and dispenser locations using shovels, scoops, and
trowels, or hand auger techniques;

• soil sampling from stockpiled soil using shovels, scoops, and trowels;

• field screening .at the golf course maintenance yard for benzene, toluene,
ethylbenzene, and xylenes (BTEX) and polycyclic aromatic hydrocarbons (PAH)
using inimunoassay techniques; and

• offsite laboratory analysis.
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Associated activities include lithologic logging of samples, geophysical utility surveys,

equipment decontamination, and handling of investigation-derived wastes. The

following sections describe the procedures for the field activities. These sampling

protocols are designed to ensure that (1) samples are properly collected; (2) samples

are labeled, preserved, and transported so that they are representative of field

conditions; and (3) sampling results are repeatable.

1.1.1 Site Reconnaissance, Preparation, and Restoration Procedures

A site reconnaissance will be conducted before initiation of the field investigations.

The objective of the site reconnaissance is to obtain information to (1) recommend

possible changes in the technical approach to the investigations, and (2) allow for

adequate review of any such changes.

1.1.1.1 Site Reconnaissance

Where appropriate, details on specific tasks to be conducted during the site

reconnaissance are listed below:

• Locate the position of subsurface utilities in respect to surface materials including
grass, asphalt, and concrete.

• Confirm the location of subsurface utilities by using a utility locator. Stake the
locations.

• Identify potentially contaminated areas not previously documented.

• Verify and stake proposed sampling locations.

• Assess sample locations for ease of access and usefulness of data.

• Document field reconnaissance findings.

• Evaluate observations and update maps.
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1.1.1.2 Preparation

Site preparation tasks will be completed during the first five to seven days of the field

investigations. Some of these tasks are listed below:

• Veri1j office space, communications, vehicles, utilities, etc.

• Become familiar with NAS Fort Worth rules, policies, procedures, names of local
points of contact (POCs), and emergency telephone numbers.

• Verify location of emergency equipment.

• Determine digging permit and utility location procedures.

• Locate underground utilities and complete Air Force Form 103 for drilling
boreholes or other excavations.

1.1.1.3 Site Restoration

Each sample location will be restored as nearly as possible to its preinvestigation

condition. Unused or surplus materials and supplies, stakes, flagging, and waste

material will be removed from each sample location as the work is completed at that

area. Equipment staging, temporary storage, and waste treatment areas will be

restored to original conditions. Site restoration will be coordinated with the station

POC to ensure that the restoration is conducted in accordance with the facility

requirements.

1.1.2 Utility Clearance and Fuel Pipeline Location

Utility clearance and locating is an important and integral part of the investigation.

Utility clearances will be conducted in all areas in which intrusive investigations will be

performed. These tasks will be accomplished before the start of intrusive activities to

minimize the risk of contact with subsurface utility service lines and to optimize

sampling locations.
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Buried Utility Clearances. Before performing any shallow geophysical surveys to

locate buried utilities, Jacobs will coordinate with the station POC, and all facilities

management personnel Completion of an Air Force Form 103 will be required as part

of this process. Preliminary clearance work will be performed by station personnel

using utility maps and information from previous clearances. Based on this

information, actual or suspected utility locations will be staked or painted for

reference. This initial survey will be used as the basis for subsequent confirmation

geophysical surveys to be performed. All utility location tasks will be documented to

aid any subsequent utility clearance work.

GeoDhysical Confirmation of Utility Locations. All utility locations will be confirmed

in areas of intrusive investigations using shallow geophysical surveys. Both

conductanceiinductance methods and magnetometer methods will be used for

confirmation.

A conductance/inductance geophysical method will be used to locate subsurface cables

and utilities. Conductance/inductance instruments rely on a transmitter and receiver in

which an electrical signal can be directly placed or generated in a pipe, electrical line,

manway, or other surface feature associated with an underground utility. An electrical

signal is generated in the suspected utility, either directly by conductance or indirectly

by inductance. A receiver is used to track the signal and thus locate the underground

position and depth of the buried object. The conductancelinductance method can be

used for all metal or conductive materials. Inductance does not require direct contact

with the utility line being traced. However, a signal is induced in all nearby utility lines

creating interference with the signal generated by any single utility line.

Nonconductive utilities such as polyvinyl chloride (PVC) or clay pipes can be traced

by pushing a transmitting "mole" attached to a plumbers snake through the pipeline.

A manufacturer-supplied user manual for a conductance/inductance utility locator that

may be used in this investigation is included in Exhibit A.
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Magnetometer surveys are used to confirm utility locations determined by the

conductance/inductance method, or to unscramble signals in which parasitic signals are

being generated by closely spaced utilities. Magnetometers detect natural magnetic

fields generated by ferrous utilities.

1.1.3 Hand Auger Procedures

Near-surface soil samples will be collected from 10 locations in and around the golf

course maintenance yard. Preliminary sampling will consist of field screening and

offsite laboratory analysis. At each of the 10 locations, samples will be collected at 0

to 6 inches, 6 to 12 inches, 12 to 18 inches, and 18 to 24 inches below ground surface

(bgs). Samples will be analyzed for BTEX and PAH by irnrnunoassay field techniques

at all four sampling intervals. Samples collected from the 6- to 12- and 18- to 24-inch

intervals will be shipped offsite to a fixed laboratory for additional pesticide and

herbicide analyses by EPA Methods SW8OSO and SW8 150, respectively. Afier receipt

of analytical results from the initial phase of sampling, the area of contaminated soil

will be identified, excavated, and disposed of offsite. Before backfill and site

restoration, samples will be collected from an additional 10 hand auger borings.

Samples collected from depths of 0 to 6 inches, 6 to 12 inches, 12 to 18 inches, and 18

to 24 inches will be sent to an offsite laboratory for analysis for total petroleum

hydrocaxbons (TPH) (Method E4 18.1), pesticides (Method SW8080), herbicides

(Method SWS15O), metals (Method SW6O1O), volatile organic compounds (VOCs)

(Method SW8240), semivolatile organic compounds (SVOCs) (Method SW8270),

antimony (Method SW7040), arsenic (Method SW7060), cadmium (Method

SW7130), lead (Method SW7421), mercury (Method SW7471), nickel (Method

SW7520), selenium (Method SW7740), and silver (Method SW7760). The purpose

of these samples will be to confirm that all contaminated soil has been removed.

The samples will be collected by using a hand auger and thin-walled split or solid-core

barrel equipped with stainless steel liners. The auger bucket will be used to collect

samples for analyses of pesticides, herbicides, and metals and the core sampler will be
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used to collect samples for immunoassay analysis, VOCs and SVOCs to avoid

volatilization of BTEX constituents. The following details the sampling procedures:

• Clear the sampling location of any surface debris.

• Assemble the core sampler setup using a 2-inch-diameter thin-walled split- or
solid-core barrel, stainless steel liners, auger extensions, and "1"- handle.

• Lower the sampler to the ground surface. Hammer the sampler into the soil.

• Remove corer and disassemble the sampling setup. Remove the thin-walled
sampler cutting tip. Remove the liner containing the sample. Use an HNu P1-101
photoionization meter to evaluate the presence of volatile constituents at each end
of the sample, and record the results in an appropriate log book or field data sheet.
Cap each end of the sample. If plastic caps are used, place Teflon liners between
the sample and caps.

• Assemble the hand auger using a "T"-handle, auger extensions, and four inch
diameter bucket auger bit.

• Advance the auger bucket through the first sampling interval, overboring the core
hole left by the core sampler. Periodically remove collected soil from the auger.

• After reaching the first sampling depth, careflully remove the auger to avoid
knocking sidewall material into the bottom of the boring.

• Remove the auger from the 'T'-handle or extensions and attach a decontaminated
thin-walled core barrel sampler, making certain liners have been installed.

• Collect the VOC and SVOC samples first. Lower the sampler into the boring,
being careftil to avoid the sidewalls. If possible, slowly push the sampler into the
soil. If pushing the sampler is ineffective, then use a slide hammer to advance the
core into the soil. Pushing the sampler is preferred because hammering the
sampler causes vibrations that may cause material from the boring walls to fall into
the hole.

• Remove corer and disassemble the sampling setup. Remove the thin-walled
sampler cutting tip. Split the barrel and remove the liner containing the sample.
Discard the top one-half inch of the core to avoid cross contamination with
material from the upper portions of the boring. Use an HNu P1-101
photoionization meter to evaluate the presence of petroleum hydrocarbons at each
end of the sample. Cap each end of the sample. If plastic caps are used, place
Teflon liners between the sample and caps.

• Label the sample, seal each cap with parafilm, place the sample in a plastic bag,
and immediately place the sample into an iced cooler.

• Collect the samples for the remainder of the analyses. Reassemble the auger setup.
Advance the bucket auger to the bottom of the desired interval, overbonng the
interval just sampled by the thin-walled core sampler. Remove the auger, being
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carefbl not to spill any of the collected soil. Place the collected soil into the
appropriate sample containers.

• Attach an appropriate sample label, place the jar into a ziploc plastic bag, and place
into an iced cooler.

• After instances when the bucket auger is used to collect a sample, the auger bit
must be decontaminated. After each use, the thin-walled core sampler must be

• decontaminated. Decontamination procedures are described in Section 1.1.6.

• Record each collected sample on proper chain of custody.

• Repeat these procedures until the total depth of 2 feet is reached and all samples
have been collected.

Hand auger samples will be collected using the same procedures at each UST upgrade
— location. Only one sample will be collected from each boring; each sample will be

analyzed for TPH (Method E418.l).

1.1.4 Sampling from Soil Stockpiles

Soil removed from each tank excavation will be temporarily stockpiled onsite. These

stockpiles will be sampled according to TNRCC requirements for confirmatory

stockpile sampling. Analytical results will help determine whether stockpiled soil can

be placed back into the excavations or must be disposed of offsite. Soil samples will

be collected for every 50 cubic yards of soil in each stockpile. Samples will be

submitted to an offsite laboratory for analyses of TPH by EPA Method E4 18.1, and

BTEX by EPA Method SW8020. The following details the procedures for collecting

the soil stockpile samples:

• Estimate the volume of each soil stockpile by measuring the dimensions of each
pile and calculating volume.

• Divide the stockpile into 50 cubic yard portions.

• Evaluate levels of petroleum hydrocarbons in the stockpile soil using an HNu PT-
101 photoionization meter. Using a garden shovel, dig into the stockpile up to 2
feet deep at five selected locations for each 50-yard portion of the stockpile.
Perform a headspace analysis with the HNu in each hole dug and record the results
in a logbook or appropriate field data sheet. Select the location exhibiting the
highest HNu reading for sampling.
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• Using a scoop, trowel, spoon, or spade, remove an additional 2 to 3 inches of soil
from the bottom of the selected location hole. Collect the sample from this depth
in the stockpile using the scoop, trowel, spoon, or spade to fill two 4-ounce glass
jars.

• Attach an appropriate sample label, place the jar into a plastic bag, and place into
an iced cooler.

1.1.5 Soil Sampling from the Underground Storage Tank Excavations

Soil samples will be collected from the UST excavations after removal of the USTs

has been completed. Utility clearances will be conducted before the start of intrusive

activities. A backhoe will be used to excavate and remove the USTs. The backhoe

will also be used for collecting soil samples from beneath the UST locations and in the

sidewalls of the excavation. Personnel will not enter the excavation for sampling

purposes. Sample locations will be determined by observing stains and monitoring the

soils using an HNu as they are excavated. The backhoe bucket will remove soils from

the bottom of the excavation, and the sample will be collected directly from the

backhoe bucket and placed in the appropriate sample containers.

The following information will be recorded in the field logbook for samples collected

from a backhoe bucket:

• sample location in the excavation, and sample designation and associated tank
designation;

• estimated depth;

• type of backhoe and operator name;

• depth and thickness of distinct soil or lithologic units;

• USCS classification of sample material and Munsell color designation;

• HNu readings obtained from the sample materials;

• description of any man-made materials or debris in the material sampled; and

• other pertinent information and observations.
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Soil samples will also be collected along UST piping and at dispenser locations.

Sampling will be performed with a backhoe as described above if piping is excavated

for removal. If piping is abandoned in place, sampling will be done using a hand auger

as described in Section 1.1.3.

1.1.6 Equipment Decontamination

All sampling equipment will be cleaned between each sample with an Alconox or

— Liquinox and potable water solution and brushes. Each piece of equipment will then

be triple-rinsed with potable water, rinsed with American Society of Testing and

Materials (ASTM) Type H reagent-grade water, rinsed with pesticide-grade methanol

and pesticide-grade hexane, and left to air dry. Any equipment that will not be used

immediately will be wrapped in oil-free aluminum foil and stored for Iliture use.

1.1.7 Waste Handling

The only wastes generated by the proposed sampling and analytical methods are

associated with disposal of soil samples, laboratory reagents, and decontamination

water and chemicals.

The soil samples will be characterized as either containing contaminants or clean, by

the immunoassay analyses for BTEX and PAH, by offsite analytical laboratory results,

or by screening with the HNu. The soil samples will be segregated according to their

characterization and placed in separate 55-gallon ring-topped drums. Periodically, soil

from the drums Will be placed on the appropriate soil stockpiles.

The waste potable and Type II water from equipment decontamination at the sampling

site will be transferred from the tubs or pails used to catch them to a temporary

holding tank. One sample of this water will be sent offsite for waste characterization,

and will be analyzed for pesticides, herbicides, VOCs, SVOCs, TPH, and metals using

the same methods discussed in Section 1.1.3. Decontamination water will then be
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transported to a wastewater recycling facility for final treatment and disposal. The

volume of water generated is expected to be minimal.

Waste reagents from the immunoassay analyses and waste hexane and methanol from

the decontamination will be caught and stored temporarily in 5-gallon plastic pails.

This material will be allowed to evaporate during times when the S-gallon buckets are

secure and monitored. Residual material at the end of the investigation will be placed

in the temporary holding tank at the decontamination facility for disposal at the

wastewater recycling facility for treatment. Characterization of this material will be

based on knowledge of the materials used.

1.2 ENVIRONMENTAL SAMPLING ANT) SAMPLE DESIGNATION

The sampling and sample designation at NAS Fort Worth will involve only the

collection of soil samples as discussed in Section 1.1. The sampling, sample handling

and identification, sample custody, and field QC procedures will be discussed briefly in

the following paragraphs.

1.2.1 Subsurface Soil Sampling Procedures

The hand-auger investigation technique allows the collection of soil samples in

stainless steel liners or auger buckets. The ends of the sample liner will be capped to

prevent the escape of volatiles. All sample liners should be free of headspace. The

samples will then be used to analyze total BTEX and PAH at appropriate locations,

and to send samples to the offsite laboratory. Samples will be collected from the UST

excavations using the backhoe bucket, and from stockpiled soil using shovels, scoops,

and trowels.
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— 1.2.2 Sample Handling and Identification

Field identifiers will be assigned to the soil samples and will appear on the sample

labels, chain-of-custody forms, field sampling forms, and in any field logbooks used by

the site geologists. Sample identification and handling will be documented using

chain-of-custody forms (Figure 1-1). Because the soil samples collected for this

— project will not be input into the Installation Restoration Program Information

Management System (IRPIMS) database, IRPIMS-compatible identification numbers

will not be required. For ease of identification, however, the field identifier will

include predetermined abbreviations for the site, project, location, and sample number

as previously described in Section 5.2 of the QAPP.

— After collection, logging, and identification with a sample number, soil samples will be

placed in a cooler with wet ice for transportation to the field laboratory for BTEX and

PAH analysis using immunoassay field test kits. All samples will be transported and

stored in refrigerators in the sealed liners. Samples will not be held for more than 48

hours after collection before analyses. Analysis will not be conducted on samples that

exceed holding times. No preservatives other than cooling to 40 C are to be used with

the soil samples. Excess sample material and analytical residues will be disposed of as

described in Section 1.1.7.

Immediately after samples are collected and labeled for offsite laboratory analysis, they

will be placed in a sturdy ice chest. The samples will be packed with shock-absorbent

materials, such as bubble wrap, to prevent movement of sample containers during

transport. The ice chest will be packed with resealable double bagged ice packs and

sealed with packaging tape. Custody tape will be affixed over the ice chest lid to

prevent or indicate tampering.
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— SamDle Packaging. Samples will be placed with ice in a cooler along with the

appropriate chain of custody records. The chain of custody sample log sheet will be

filled out in indelible ink, placed in a resealable plastic bag, and taped to the inside lid

of the cooler. Each collected sample fraction contained in the cooler will be specified
— on the chain of custody records by the field sampling identification number. Sample

containers will be packaged to minimize potential breakage. Sample packaging for

offsite laboratory shipping will meet U.S. Department of Transportation (DOT)

requirements.

ShipDi!,g Containers. At least three bands of strapping tape will be wrapped

completely around the cooler to secure the lid. The cooler will be sealed with

evidence tape and labeled Fragile and This End Up on all four sides. The containers
—

will be shipped to the laboratory for analysis in accordance with DOT regulations and

procedures. Air-bills will be properly completed and copies retained and placed in the
—

project file. Samples collected for the field screening laboratory will be delivered

— directly to the laboratory. Taping and ice chest labeling are not necessary for delivery

to the onsite laboratory.

Chain of Custody Record. A chain of custody record will be completed for every

sample and will accompany every shipment of samples to both the onsite and offsite

laboratories to establish the documentation necessary to trace sample possession from

time of collection. The chain of custody record is shown in Figure 1-1. The records

will contain the following information:

• sample or station identification number;

• signature of collector, sampler, or recorder;

• date and time of collection;

• place of collection;

• saEnple type;

• signatures of persons involved in chain of custody; and

• inclusive dates of possession.
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The laboratory portion of the form will be completed by the designated laboratory

personnel, and will contain the following information:

• name of person receiving the sample;

• laboratory sample number;

• date of sample receipt;

• analyses requested; and

• sample. condition and temperature.

Transfer of Custody and Shipment. Samples will be accompanied by chain of custody

records. When transferring the samples, individuals relinquishing and receiving the

samples will sign, date, and note the time on the chain of custody record. The field
—

coordinator Will notify the laboratory coordinator when samples are shipped to the

offsite laboratory for analysis.

1.2.3 Sample Custody

A chain-of-custody form must accompany each cooler at all times in the field or the

laboratory. An example chain-of-custody form is shown as Figure 1-1. This chain-of-

custody form must be signed and dated at the time of transfer from the field geologist

to the. field laboratory analyst. At any time that the coolers are left without an

attendant, such as samples left overnight for analysis the next day, each cooler must be

sealed with a signed custody seal and kept in a locked trailer or office.

1.2.4 Field Quality Control Samples

QC samples that will be collected during the field investigation are summarized in

Section 1.2.10. The following paragraphs describe the types of field QA/QC samples

that will be collected.

Trip Blanks. A trip blank consists of ASTM Type 11 reagent-grade water. The offsite

laboratory prepares the trip blanks in controlled conditions and ships the blanks to the
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site with the precleaned sample containers. The trip blank is then shipped back to the

offsite laboratory with each sample shipment containing samples to be analyzed for

VOCs. The trip blank is analyzed with the sample batch for VOCs. The purpose of

the trip blank is to determine whether cross contamination between samples occurs

during shipment to the laboratory. One trip blank will be included with each cooler

containing samples for VOC analyses sent to the offsite laboratory.

Ambient Blanks. Ambient blanks are prepared in the field by pouring ASTM Type H
—

reagent-grade water into 40-mi vials at or near the sample location. The ambient

blanks are labeled and handled with other field samples and analyzed for volatile

organic compounds. The purpose of the ambient blanks is to determine whether

ambient conditions are affecting field sample results. One ambient blank will be

analyzed per volatile organic analysis sampling round.

Duplicate SamDles. Field duplicate samples will be collected to assess the variability

of field sampling methods and variations in contaminant concentrations within a like
—

sample. Duplicate samples Will be analyzed for the same parameters as the primary

sample. Care will be taken to make certain that the samples represent the matrix
—

sampled. Duplicate samples will constitute 10 percent of the total number of

environmental samples. The duplicate samples for the offsite laboratory will be blind

samples and labeled with a different sample identification number than the primary

sample. Duplicate samples will be selected based on visible stains, odors, or }lNu

readings.

Equioment Blanks. Equipment blanks are collected by decontaminating the sampling

device and collecting final rinse waters in the sample container. Equipment blanks are

collected to determine whether decontamination procedures are adequate. The

equipment blanks will be analyzed for the same parameters as the sample collected

using the equipment. One set of equipment blanks will be analyzed for each day of

sampling.
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Field Replicates. Field replicates will be collected from 10 percent of the soil/sediment

samples collected and divided into two equal parts for analyses. Each replicate will be

labeled with a sample number different from the sample being replicated. Both

replicates will be analyzed for the same parameters.

1.2.5 Sample Analysis Summary

Soil sampling will be conducted as four separate activities: at the golf course

maintenance yard, within the UST excavations, at the UST upgrade locations, and

from the stockpiled soil.

For preliminary sampling at the golf course maintenance yard, 10 hand auger borings

will be installed. Four samples for each boring will be analyzed using immunoassay

field screening methods for BTEX and PAH. Two samples from each boring will be

sent offsite for analysis for organochiorine pesticides (Method SW8080) and

chlorinated herbicides (Method SW8150). Following excavation of any contaminated

soil, an additional 10 hand auger borings will be installed. Four samples from each

boring will be sent offsite for analysis for organochiorine pesticides (Method

SW8080), chlorinated herbicides (Method SW8150), TPH (Method E418.1), total

metals (Method SW6O1O), VOCs (Method SW8240), SVOCs (Method SW8270),

antimony (Method SW7040), arsenic (Method SW7060), cadmium (Method

SW7130), lead (Method SW7421), merculy (Method SW7471), nickel (Method

SW7520), selenium (Method SW7740), and silver (Method SW7760).

At each UST excavation, five samples will be collected; one from each sidewall and

one at the bottom of the excavation. For estimating purposes, five additional samples

have been included along pipelines and at dispenser locations. Table I-I summarizes

the UST numbers, contents, and analytical suite for each excavation.
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TABLE 1-1
Sampling Summary for

UST Removal
NAS Fort Worth JRB, Texas

UST Numbers Contents Analytical Suite

1411-1, 1411-2, 1411-3 Jet fuel, diesel, gasoline SW8020, SW8270, E418.1

1518-5 Waste oil SW8020, SW8270, SW8240,
SW6O1O, E418.1

1750-2 Diesel SW8020, SW8270, E418.1

3001-la

3001-lb

Heating fuel SWBO2O, SW8270, E418.1

4102-1 Diesel SWBO2O, SW8270, E41 8.1

4210-1, 4210-2, 4210-3,
4210-5

Waste oil, JP-10 SW8020, SW8270, E418.1, SW8240,
SW6O1 0

1 Co-located USTs will be removed from a single excavation.

At each UST upgrade location, one hand auger boring will be installed. One soil

sample will be collected at a depth just below the fill pipe. These samples will be

analyzed for TPH (Method E4 18.1) only.

Samples collected from the stockpiled soil will be analyzed for BTEX (Method

SW8020) and TPH (Method E4 18.1). An estimated 1,000 cubic yards of stockpiled

soil will be sampled at a rate of one sample per 50 cubic yards.

Table 1-2 summarizes the number of samples, analytical methods, and sample types to

be analyzed as part ofthis investigation.

1.3 FIELD MEASUREMENTS

Air in the breathing zone and sample material exposed at the ends of the sample liners

will be monitored using an ilNu.
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The primary field measurements to be performed for the NAS Fort Worth fuel hydrant

project are the field screening analyses for BTEX and PAIl in the soil samples

collected at the golf course maintenance yard using a hand auger. The following

sections describe the sample analysis procedure and the calibration, maintenance, and

decontamination of the analytical equipment.

1.3.1 Parameters

The following measurements will be performed in the field during soil sampling and

analysis at the field laboratory.

1.3.1.1 Organic Vapor Analysis

During sampling, the air in the breathing zone and exposed soil at the ends of the

sample liner will be checked with an HNu for organic vapors. If organic vapors are

detected in the breathing zone, procedures provided in the HSP will be followed. If

organic vapors are detected in the sample, a comment specif,'ing level of detection will

be made on the chain-of-custody form alerting the field analyst to the presence of

contaminants in the sample.

1.3.1.2 Immunoassay Analysis

During the field investigation, immunoassay field test kits will be used to perform rapid

screening analyses of BTEX and PAll in the soil samples. The screening data will be

used for two primary purposes: (1) to identify the presence or absence of BTEX and

PAH contamination at each site, and (2) to select areas that may have soil

contamination higher than the State of Texas soil remediation standard delineated in

the state UST regulations.

The immunoassay test kits come with all materials, equipment, and supplies to perform

tests and establish calibration curves for each batch using standards supplied by the
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— manufacturer. Higher detection limits can be achieved by additional dilution of the

sample extracts. The kits are used in a four-step process. Step 1 includes extraction

and preparation of the sample, including weighing, extracting, and filtering each

sample. Step 2 includes preparation of standards, while Step 3 is the actual testing of

the sample by mixing the sample extraction and the standard and measuring the

resulting color in a photometer. Step 4 is the interpretation of the sample results.

Exhibit B contains detailed instructions for use of the immunoassay kits and typical

detection limits provided by the manufacturer.

1.3.2 Equipment Calibration

To meet the data quality objectives set in the QAPP, proper calibration procedures for

the field screening analysis and monitoring will be followed. Manufactur&s

instrument manUals can be found in Exhibits A and B.

For the immunoassay field test kits, the QC check will be obtained by the use of 10

percent duplicate analyses of samples collected using a hand auger, method calibration

using manufacturer-supplied standards, by analysis of method blanks and by analyzing

two matrix spike replicates for each analytical batch.

Calibration of the HNu will be conducted on a daily basis. Instrument calibration will

be performed using isobutylene gas of known concentration. Calibration will be

performed according to the manufacturer's recommendations and will be recorded in a

logbook. All adjustments to the instrument settings will be recorded in the field book.

Routine maintenance consists of battery charging and occasional lamp or fan cleaning.

1.3.3 Equipment Maintenance

Field measurement equipment for the immunoassay field kits, HNu, and utility locator

will be maintained according to the manufacturer's recommended procedures provided
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in the instrument operations manual in Exhibits A and B. On a routine basis, the

instruments will be inspected and will be thoroughly cleaned.

1.3.4 Decontamination

Field measurement equipment will be kept free of contamination. The immunoassay

field test instrument will be decontaminated following the manufacture?s

recommended procedures provided in the instrument operations manual in Exhibit B.

On a routine basis, the instrument will be thoroughly cleaned with recommended

solvents and potable water and rinsed with ASTM Type II reagent-grade water.

1.4 FIELD QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

To ensure that sampling and monitoring activities will meet the data quality objectives,

QC checks will be implemented for parameters measured or analyzed in the field. All

QC check information will be recorded in project-specific field notebooks. The

following sections discuss control parameters, control units, and corrective actions for

the field investigation.

1.4.1 Control Parameters

Control parameters for air monitoring and field analysis using immunoassay techniques

will be monitored during the field operations. As described in Section 2.3, calibration

of field instruments and operational checks will be conducted periodically according to

manufacturer's specifications. The frequency of the field control check duplicates will

be a minimum of 10 percent of all field measurements. As applicable, the materials

used to veri1' the measurements will be from certified sources. Instrument use,

maintenance and calibration will follow manufacturers and IRP Handbook (Air Force

1993) guidance.
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The immunoassay instrumentation will be controlled according to the method

specifications and manufacturer's SOP (Exhibit B). These controls will include the

analysis of calibration standards, method blanks, field QC duplicate/replicate samples.

Before sample analyses, the instrument will be verified for proper installation and

operation.

1.4.2 Control Limits

Control limits for instrument calibration and duplicate precision are based on project

data quality objectives. For air monitoring with an HNu photoionization detector

(PID), the acceptable RPD between duplicate readings is 0.5 units.

The field control limits for the immunoassay laboratory instrumentation based on

method analysis and calibration standards are included in Exhibit B. For replicate
—

immunoassay sample analysis the acceptable RPD is 30 percent.

1.4.3 Corrective Actions

Corrective actions for the HNu will include recalibrating and remeasuring.

Corrective actions for the immunoassay instrumentation are described in Exhibit B.

Failure to meet the required criteria described in the established methodology or within

this document will result in corrective action by the onsite analyst.

Corrective action for all field instruments will involve a review of the operator's

manual. If necessary, instrument maintenance and repairs will be performed as

corrective actions, in addition to normally scheduled maintenance operations.

1.5 RECORD KEEPING

Records will be kept for all activities associated with the field activities, as a means of

maintaining flu documentation of project QAJQC procedures and compliance.
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Records will be kept in the form of logs and standardized forms. The following logs

and forms will be used on this site:

• soil boring log (includes P11) readings);

• field logbook;

• immunoassay sample preparation form;

• inununoassay measurements and calculations form;

• field laboratory logbook;

• visitor log;

• photograph log; and

• daily field activity forms.

These forms will supplement the Site Manager's Field Logbook. Examples of these

forms are included in Exhibit C.

1.6 SITE MANAGEMENT

The following support activities will be provided by the Air Force:

• locating underground utilities and issuing digging or other appropriate permits
before commencement of digging and drive-point sampling operations;

• assigning an accumulation point;

• assisting Jacobs with obtaining existing engineering plans, drawings, diagrams,
aerial photographs, digitized map files, etc., to facilitate evaluation of the
investigation;

• arranging for personal identification badges, vehicle passes, or entry permits;

• arranging for staging areas for storing equipment and supplies, and providing a
supply of potable water; and

• arranging for the necessary keys to locks.

Jacobs will supply the Site Manager whose responsibilities will include the following:

• ensuring that the performance of field activities are according to the contract,
Work Plan, and health and safety guidelines and specifications;
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• coordinating overall site activities;

• scheduling;

• tracking field budget and comparing budgetary accounting with subcontractor's
daily and monthly field reports; and

• providing liaison between contractor and client personnel.

2.0 REFERENCES

U.S. Air Force. 1993 (September). Handbook for Installation Restoration Program

(7RP) Remedial Investigations and Feasibility Studies (RI/PS). Brooks Air

Force Base, Texas 78235-5328: Headquarters, U.S. Air Force Center for

Environmental Excellence.
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EXHIBIT A

Instrument Calibration and Operating Manuals
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Instruction Manual
a

Model MAC-51B-
Magnetic and Cable Locator

Manufactured By
Schonstedt Instrument Company

1775 Wiehie Avenue
Reston, Virginia 22090

Phone (703) 471-1050
TWX 710-833-9880
FAX (703) 471-1795
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Section 1
General

Introduction

The MAC-51B Magnetic and Cable Locator is a light-weight, dual-
mode instrUment designed for detecting buried iron and steel objects
and tracing underground cables and pipes. The system consists of two
major units: a transmitter and a dual-function receiver. Both units use
alkaline C-cell batteries that provide up to 100 hours of operation.

- ____
Figure 2-1. MAC-51B Magnetic and Cable Locator

Cable Locator Mode

When used in the cable locator mode, the transmitter generates a
distinctive ac signal which is applied to the cable or pipe, The receiver
is used to detect and trace the signal as it travels along the cable/pipe.
A siren-like tone from the receiver is easily identified as the tracing
signal. The approximate depth. of an underground cable can be
determined using the 450 null-point triangulation method. Operation
of the MAC-51B in the cable locator mode is explained in Sections IV
and V.

Magnetic Locator Mode

The receiver is the only unit required for operation in the magnetic
mode. Set the receiver M/C function switch to "M", adjust the sensi-
tivity control, arid you have the best magnetic locator available.
Operation of the magnetic locator mode is explained in Sections II
and Ill.

Switching from cable locator mode to magnetic locator mode while
tracing a cable is a unique method for unscrambling ground clutter.
Gas and water pipes in the immediate vicinity of a cable can emit
parasitic signals that distort the identification null. In the magnetic
mode cast-iron water pipes and gas lines can be identified quickly and
even classified as to type by the conventional spacing of joints, which
provide the strongest signals.

1-1
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Standard Accessories

Basic accessories supplied with the MAC-51B include a headphone
jack, a spare batteries holder and a conductive cable assembly with
ground stake. An inductive signal clamp, mini transmitter and head-
phones are available as options.

Optional Inductive Signal Clamp
This option increases the versatility of the MAC-51B by providing a

convenient method of selectively applying the trace signal to cables or
conductors covered with nonmetallic insulation.

It applies a strong trace signal to only the conductor that it is
clamped around. This positive identification allows a specific cable to
be traced even when located in congested areas containing cables,
water and gas lines or other conductors that may emit lower level para-
sitic trace signals.

Operation is simple and easy Plug the clamp lead into the trans-
mitter accessory jack and close the clamp around the cable. No ground
connection is required. Hook-up can be made to all standard metallic
cable types up to three inches in diameter.

Optional Mini Transmitter

The Model MT-I is a miniature solid-state transmitter (3 in. x 1
in.) used in combination with a MAC-51B receiver to trace nonmetallic
pipes, pinpoint obstructions, and locate concrete septic tanks.

As the MT-i (Mole) is pushed through a buried nonmetallic pipe, it
emits a signal that can be detected at depths up to 18 feet by using the
MAC-51B receiver.

The Mole has a concave surface so it can be taped to a plumbers
snake, and a ¼-inch tapped hole for end mounting.

One AA.A penlight alkaline battery provides up to 30 hours of
operation. The battery cap also serves as the On/Off switch. Power is
turned off by rotating the battery cap counterclockwise until the
battery moves when the MT-i is shaken.

1-2



MAC-51B SPECIFICATIONS

— TRANSM1TER

Operating Voltage 12 Volts (eight alkaline C-Cell batteries)

Battery Life 75 hours intermittent operation at 70°F

Output Freq,iency 82.5 kHz modulated at 382 Hz, pulsed at
4.8 Hz (inductive or conductive)

Audio Indicator 2.58 kHz pulsed at 4.8 Hz

Weight Approximately 5.5 lb. (2.3 kg.)
Operating Temperature — 13°F to 140°F (— 25°C to 60°C)
Overall Size 43.5 in. x7 in. x5 in. (110.5 cm. x

17.8 cm. x 12.7 cm.)

RECEIVER

Operating Voltage 6 Volts (4 alkaline C-Cell batteries)

Battery Life 100 hours intermittent operation at 70°F

Output Frequency Approximately 40 Hz idling tone from
speaker. Frequency of pulsing tone
increases (or decreases) with signal
intensity.

Weight Approximately 3 lb. (1.36 kg.)
Operating Temperature — 13°F to 140°F (— 25°C to 60°C)
Overall Length 42.3 in. (107.4 cm.)
Waterproof Length 34.3 in. (87.6 cm.)
Nominal Sensor Spacing 20 in. (50.8 cm.)

(Specifications subject to change without notice)
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Section II
Magnetic Locator Operation

Theory of Operation
In the magnetic lcator mode, the MAC-51B receiver responds

when the magnetic field strength at the two sensors, which are 20
inches apart, is different. This response consists of a change in the
idling frequency of the signal emitted from the speaker.

Figure 2-1 illustrates an application of the locator in which it is
used to detect an iron marker of the type used for property line
identification. The magnetic field of the marker is stronger at sensor
A than it is at sensor B. As a result, the frequency of the signal on the
speaker is higher than the 40 Hz idling frequency which exists when
the field strength is the same at both sensors.

',,. 1

Figure 2-1. Detecting Magnetic Field of an Iron Marker



Function Se'ection, Turn-On and Initial Sensitivity Setting

Set the M/C Function switch to M and adjust the ON/OFF-
Sensitivity control for mid-position as shown in Figure 2.2. With the
knob in this position, the sensitivity is set for what is referred to as the
Normal Range.

In most areas the locator can be oriented in any direction without
producing a significant change in the frequency of the tone from its
idling rate. However, in some areas where magnetic disturbances are
encountered from nearby structures, rocks, sand or trash, the control
should be adjusted for.lower sensitivity as illustrated in Figure 2-3.

MIC FUNCTION
SWITCH

ON (OFF
SENSITIVITY

EARPHONES JACK

Figure 2-2. Sen.sitivity Set for Normal Range

Low Sensitivity Operation

Unwanted background signals due to nearby magnetic objects may
require that the effective range of the locator be reduced. This is
accomplished by turning the sensitivity knob in a counter-clockwise
direction. Reduced range is useful for pinpointing the location of a
strongly magnetized marker

2-2

Figure 2-3. Sensitivity Set for Low Range
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High Sensitivity Operation
The sensitivity of the locator is increased by turning the sensitivity

knob in a clockwise direction. A high sensitivity setting imposes some
constraints on operating methods. The locator tone will vary in
frequency depending on the instrument's orientation relative to the
Earth's magnetic field.

Search Procedure

Set the sensitivity control for normal operation arid hold the locator
just below the large end as illustrated in Figure 2-5. Because the
upper sensor is located near the area where the locator is usually held,
wrist watches may produce unwanted changes in the signal
frequency. Therefore, a watch worn on the the wrist of the hand
holding the locator should be removed. Avoid bringing the locator
close to your shoes, since they might contain magnetic material.

To obtain maximum area coverage, the locator should be swept
from side-to-side with the small end of the instrument kept close to
the ground. A higher frequency tone from the speaker will be heard
when the locator is within range of an iron or steel object.

When using a high sensitivity
setting, avoid turning the locator
about its long axis. This may
produce tonal variations in the
output signal because of sensor
misalignment.

The presence of a ferromag-
netic object will be indicated by
a change in the tone of the out-
put frequency.

Figure 2-5. Searching with the Locator

2-3
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Section III
Magnetic Locator Application Notes

Basic Signal Patterns

Figure 3-1. SignaL9 from Vertical and Horizontal Targets
- -

After you have detected the presence of a target, hold the locator
vertically and move it back and forth in an "X" pattern. The peak
signal occurs directly over a vertical target, and over the ends of a
horizontal target.

The X" pattern is ideal for pinpointing small objects. A 1-1/4-inch
PK nail buried up to 8 inches can be located so precisely with this
technique that it can be uncovered using a 1/2-inch star drill.

Provides PrecLion Locating

If you find more then one signal in the vicinity of a target, just raise
the locator several inches higher. Any signal that disappears when the
locator is raised is probably not coming from the actual target. The
signal from a rusty bolt or other small item will decrease much faster
with distance than the signal from a larger target such as a corner
marker. An 18-inch length of 3/4inch pipe can be located at depths up
to 7 feet

3-1
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Figure 3-3. RaLs'ing the Locator Eliminates Unwanted SignaLs

Strongly Magnetized Markers
A strongly magnetized marker at or near the surface may provide

location information that is misleading.

The heavy line in Figure 3-4 represents the variation in tone
frequency when the locator is moved over the marker. When moving
the instrument from A to B, the frequency of the tone increases and
then suddenly decreases at B. From just beyond B the frequency of the
tone increases sharply, becomes very high directly over the marker
and decreases just before reaching C. From C to D the pattern is the
reverse of that from A to B. It is obvious that the locator must enter
the B-C region. Otherwise the marker might be assumed to be
between A and B or C and D.

1' -1
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Figure 3-4. Signal Pattern From a Strongly Magnetized Marker



The great length of a
surface that makes it easy

Figure 3-5. Locating
Manhole Covers

well casing provides a
to locate casings buried

Well Casings

a

—

This phenomenon is explained by the fact that the locator is
sensitive to the magnetic field components parallel to its long axis. At
points B arid C the field is perpendicular to the locator so no high
frequency is produced at these points.

Locating Manholes, Septic Tanks and Water Wells

The magnetic field is strongest at the edge of a shallow manhole
cover. Turn the sensitivity down all the way and you can easily trace
the edge of covers near the surface. Locating depth ranges up to 8 feet.

strong field at the
up to 15 feet deep.

-
• C • 0 •O .0

Figure 3-6. Locating Water

The MAC-SiB receiver can be used to precisely locate the metal
handles or reinforcing bars on septic tank covers at depths up to 4 feet.

OUTPUT SIGNAL
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Figure 3-7. Signal Pattern Provided by Septic Tank Handles
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Locating Objects under Snow or Water and Tracing Barbed Wire

The locator can be used in flooded areas—just keep the electronic
unit out of the water.

Snow poses no problem. Thrust the locator into the snow as deep as
necessary to locate the- target.

Figure 3-8. Locating Objects under Snow or Water

You can often trace barbed wire (from old fence lines) buried just
beneath the surface. Even if the wire is only a trail of rust, it can still
be detected near the surface. Tip the locator a little lower than
usual—but not parallel with the ground.

First, examine trees for bench marks and bits of embedded barbed
wire. Then hold the locator parallel with the direction of the wire.

Figure 3-9. Tracing Barbed Wire from Old Fence Lines
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Searching Areas Along a Chain Link Fence

Searching in the vicinity of a chain link fence requires a reduced
sensitivity setting and also some control over the orientation of the
locator. As illustrated in Figure 3-10, position the locator horizontally
with its long axis perpendicular to the fence. This ensures that the
upper sensor is kept away from the fence

Figure 3-10. Searching in the Vicinity of a Chain Link Fence

Perform the search by moving along the fence, keeping the end a
constant distance from the fence. When a point 1-518 inches from the
end of the locator is directly over the stake, the signal will drop
abruptly, as shown in Figure 3-11. Any variation in the position of the
locator will produce an abrupt rise in the frequency of the tone.

Figure 3-11. Placement of Locator While Searching Along a
Chain Link Fence
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Locating Valve Boxes

Both the valve and its casing,
when iron, provide strong mag-
netic fields which make them easy
to locate. Plastic enclosures con-
taining magnets are easily located
at depths of 6 feet or more.

Figure 3-12. Locating Valve
Boxes and Casings

Locating Cast-Iron Pipes
As illustrated in Figure 3-13, cast-iron pipes produce the strongest

magnetic signals at their joints.

D _c•c:=5: )CJ
Figure 3-23. Signal Pattern Provided by Cast-Iron Pipes

The initial search should be performed as follows:
1. Adjust the sensitivity level for maximum.
2. Hold the locator vertically approximately I to 1-1/2 feet above

the surface.
3. Walk along without turning or tilting the locator.
4. Mark the locations where the maximum signal levels occur.
5. Return to an area of maximum signal strength arid hold the

locator several inches above the surface. The sensitivity will
probably have to be reduced during this second pass. Four-inch
pipes can be located at depths up to 8 feet.
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Locating Steel Drums

As shown in Figure 3-14, the MAC-51B's signal pattern will vary
depending on the vertical or horizontal orientation of the drum and also
how deep it is buried. A fifty-five gallon drum can be located at depths
up to 8 feet.

Figure 3-14. Signal Pattern Provided by Steel Drums

Additional Applications

1. The military and many local and state police departments use the
MAC-51B to detect buried ordnance and discarded weapons.

2. People drilling in an area where hazardous materials might be
encountered use the MAC-51B to search the area prior to drilling.
Other Schoristedt gradiometers are available that can be lowered
down the hole for periodic checks as drilling progresses.

Other Notes

1. A burbling sound indicates the presence of an energized power
line.

2. The instrument will not detect nonmagnetic materials such as gold,
silver, copper, brass and aluminum.
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Section IV
Cable Locator Operation

Theory of Operation

In the cable locator mode, the receiver must be used in
combination with the transmitter which is housed in the carrying case.

As illustrated in Figure 4-1, the transmitter is placed over and in
line with the target cable/pipe. An alternating current induced into
the cable/pipe produces a signal that is detected with the receiver.
The transmitter emits a steady beeping sound to indicate that it is
operating, and the receiver emits a siren-like sound that is easily
identified as the induced tracing signal.

The tracing current generates an alternating circumferential field
around the cable. This alternating field induces a signal into the
receiver's sensor. As the receiver is moved back and forth across the
cable in a search pattern, the pitch of the audio output from the
receiver increases and decreases.

The heavy line in Figure 4-2 represents the increase and decrease in
pitch of the audio signal as the receiver is moved back and forth over
an energized cable. Moving from A to D causes the pitch to increase to
a maximum at B and decrease to a minimum directly over the target.
At C the pitch again increases and then decreases at D.

The MAC-51B can be used to trace any long conductive element
such as an anode string or metalized warning tape as well as cable and
pipe.

4-1

Figure 4-1. Transmitter and Receiver Placement
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Figure 4-2. Signal Pattern from a Tracing Signal

NOTE
For convenience, all targets will
be referred to as lines throughout
Sections IV and V.

Transmitter, Turn-On and Battery Check

Set the ON/OFF switch to ON and listen for a steady beeping
sound. If a beeping is not heard, the batteries must be replaced as
described on page 6-3.

CARRYINC CASE

ANTENNA

ON/OFF SWITCH

CONDUCTION
ACCESSORY
JACK

TRANSMITTER
ELECTRON ICS

-V

Figure 4-3. Transmitter Controls
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Transmitter, Inducthe Mode

The most common line excitation mode is inductive. With the cover
open and the arrow pointing up, place the transmitter over the line as
illustrated in Figure 4-4. The cover must be pointing up. Turn the
transmitter ON/OFF switch to ON and you will hear a steady beeping
sound. If not, replace the batteries.

Figure 4-4. Transmitter Operating Positions

Transmitter, Conductive Mode

If an exposed section of a target gas or water pipe is accessible, the
tracing signal can be applied directly to the target line.

Plug the conductive cable assembly into the transmitter accessory
jack and turn the power switch to ON. (Inserting the plug
automatically disables the inductive transmitter and applies exciting
current to the cable clips.) Connect one cable clip to a conductive
portion of the line. Drive the ground stake into the soil off to the side
of the line and attach the other clip to the stake. A good electrical
contact between the clips, the line, and the ground stake is very
important.

NG
Clipping to power lines is dangerous and should not
be done. Insulation on the clip is not designed to pro-
tect against power line voltages.

F-'

/I I

/
S "A- —

STAKE

CONDUCTION JACK
CABLE

CLIP

Figure 4-5. Transmitter Hookup for Conductive Operation



Transmitter, Inductive Signal Clamp Mode

The inductive signal clamp (optional) provides a convenient
method of applying the tracing signal to electrical cables covered with
nonmetalic insulation. Plug the clamp lead Into the transmitter
accessory jack, turn on the transmitter and close the clamp around
the cable: No ground connection is required. It can be applied to
cables up to three inches in diameter.

HG
Clamping around any power line involves hazard.
Exercise caution. Under •no circumstances clamp
around high tension lines (lines carrying greater than
220 V). High tension voltage can jump to the oper-
ator through the insulation and down the wire.

Receiver, Function Selection and Turn-On

Set the M/C switch to C and adjust the ON/OFF-Sensitivity control
for mid-position as shown in Figure 4-7. The volume level is preset. If
the receiver is turned on when located within 15 feet of the
transmitter, the receiver's speaker wiii emit a siren-like sound
indicating that the receiver is picking up the tracing signal directly
from the transmitter through the air.

The sensitivity will have to be increased as the distance between the
receiver and transmitter increases.

ONIOFF
SENSITIVITY

MIC FUNCTION
SWITCH

EARPHONES JACK

Figure 4-7. SensitivIty Set for Normal Range
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Receiver, Sensitivity Settings
The right sensitivity level must be used to obtain a proper null. A

null is the audio signature that lets the operator know when he is
positioned directly over the target line. If the sensitivity level is set too
low, the null between the two signal peaks (highest audio pitch) will
cover too large ah area, making it difficult to trace the line. If the
sensitivity i set too high, the null will be too short and not heard.
Setting the sensitivity to get the null width as illustrated by the
medium sensitivity curve in Figure 4-8 is the secret to successful
tracing

Tracing, Inductive Mode

Position the -transmitter over the target line and turn the power
switch to ON. A steady beeping will be heard that indicates the
transmitter is operational. Move approximately 30 feet away from the
transmitter along the suspected target line before turning on the
receiver. This will ensure that the receiver is not receiving the signal
through the air directly from the transmitter. Set the receiver
function switch to C and adjust the sensitivity control to obtain a
medium pitch signal. Hold the receiver just below the large end as
illustrated in Figure 4-9.

NOTE
Do not swing the receiver. The
null appears over the target only
when the receiver is held in a
vertical position. If it is held at
an angle, the null will not indi-
cate the true location of the
target line.

TARGET CENTER
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Figure 4-8. Null Shape Versvs Sensitivity Setting
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Holding it in a vertical position with the sensor end close to the
ground, move it back and forth across the line. Readjust the
sensitivity until a sharp null (minimum pitch) is obtained. The null
occurs directly over the line. As you move away from the transmitter
the sensitivity level vill have to be increased.

Figure 4-9. inductive Mode Tracing

Tracing, Conductive Mode

In this mode the transmitter is physically connected to an exposed
conductive section of the target line using the conductive cable
assembly and the ground stake. After the two clips are connected to
the line and to the ground stake (good electrical
essential), the procedure for using the transmitter and
the same as for the inductive mode except that tracing
right next to the transmitter.

NG
Clipping to power lines is dangerous and should not
be done. Insulation on the clip is not designed to pro-
tect against power line voltages.

Figure 4-10. Conductive Mode Tracing
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Section V
Cable Locator Application Notes

Inductive Coupling

Induction is the easiest and quickest way of applying the tracing
signal to a conductor and provides a signal strong enough to trace
most lines. Induction does not require access to an exposed section of
the line which very often is not available. However, an induced signal
is not as strong as a conductively applied signal and will fade quickly
as distance from the transmitter increases when electrically poor or
leaky conductors such as gas and water pipes are being traced. Any
time a tracing signal is induced on a target line, the same signal will
be induced on nearby utility lines which may cause some confusion
when trying to identify the null.

0
CADL!

0

Figure 5-1. inductive Coupling Setup

Conductive Coupling
This is the most reliable way of applying the tracing signal. A good

electrical contact between the clip and the conductive portion of the
target line is essential. If necessary, use a file to clean off rust or paint
to ensure a good electrical connection. Electrical contact must also be
made to the ground using the supplied stake. For the best results,
drive the stake into the ground as far off to the side of the line as the
connecting cable will permit. (See Figure 5-2)

5-I

I

— —
—— —

0 C

0
0 oOo 0

——
--.- .e'

0 7 —— -.--

/0//Q 0 Q



f WA1NING

Clipping to power lines is dangerous and should not
be done. Insulation on the clip is not designed to pro-
tect against power line voltages.

II
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STAKE

CLIP
CONDUCTION JACK

CLIP

/'I —

I- CABLE

Figure 5-2. Conductive Coupling Setup

Dealing with Clutter Signals
When operating in the inductive mode, an effective method of

reducing interference caused by parasitic signals from an adjacent
line is to find a second spot on the line that has a good clean null
(equal strength lobes on both sides). Move the transmitter to this spot.
Confirm that this is the target line by back-tracking with the receiver
to the first site of the transmitter and checking for a null. This
procedure of leapfrogging the transmitter is also the standard method
for extending the tracing range on electrically poor or leaky lines.
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Figure 5-3. Repositioning Transmitter to Reduce interference
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Single-Lobe Identification

A second line parallel to the line being traced will emit a parasitic
signal but at a reduced strength. Interaction of these signals results in
unequal side lobes, which cause a large null off to one side of the
target line as indicated by signal pattern curve A in Figure 5-4. To
accurately trace a line under this condition will require practice. An
alternate method is to hold the receiver in a horizontal position
perpendicular to the line and listen for a single high pitch audio signal
that occurs directly over the line as indicated by signal pattern B.

II ,fr ___._I
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Figure 5-4. Single Lobe Identification Technique
Bends and Junctions

A variation of the two-line, single-lobe identification problem just
described occurs when the line being traced has a bend or junction. As
the receiver is brought near a bend or junction, the tracing signal
becomes difficult, to interpret. When this occurs, walk a 20-foot circle
around the spot where the signal becomes confusing to detect the null
that will indicate the line's new direction. However, to be certain that
it is the new direction and not a junction, complete the circle to check
for a second null that will indicate if the line has a branch.

C

I

—

Figure 5-5. Identification of Bends and Junctions
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— Signal Spreading
Target lines that are poorly insulated from ground such as gas

pipes, water pipes and anode strings may cause signal spreading to
occur over long distances from the transmitter, even when using the
conductive mode. This condition is prevalent when ground water is

— present. The signal also spreads to nearby lines and into the soil itself.
When this situation is encountered, the transmitter must be moved
closer t6 the section of the line to be traced and the conductive mode
used if possible.

Signal spreading can also occur even when lines are well insulated.
The tracing signal can travel into buildings via the ground or the

—
shield of a line and transfer to the shields of other lines leaving the
building. Signal spreading can be minimized by placing the
transmitter as far as possible from the building.

Magnetic Locator Function

The MAC-SiB has a unique feature designed to help the operator
unscramble underground clutter. It is the option of switching to the
magnetic mode for a second indication of what category of targets are
in the immediate vicinity. In this mode cast-iron water and gas pipes
can be readily identified and even classified as to type by the
conventional spacing of joints. Power mains and some 60 Hz service
drops can also be identified by a burbling sound that peaks when the
receiver is directly over the power line. As the operator becomes more
familiar with the MAC-51B System, switching between the M and C
functions when clutter is encountered will become an invaluable
tracing aid,

Isolators and Signal Path Continuity

The tracer current must travel in a closed loop. When it leaves the
line being traced, it loops back, one way or another, to the beginning
of the line. If the current cannot complete its loop the locating system
will not operate. T.he operator should be aware of this system
requirement when tracing lines that have electrical isolators installed.

Electrical isolators are sometimes placed in a gas line at the meter
to provide an electrically open circuit which stops the flow of galvanic
current and reduces corrosion. To inductively excite this type of line
by placing the transmitter close to the meter, a shorting wire must be
placed on the pipe to bypass the isolator. This allows the tracer
current to return to the pipe through the earth ground of the
building. An alternate method is to move the transmitter down the
line a few yards away from the building to a point where the gas pipe
riser provides a current return path.
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Electrical isolation sometimes occurs inadvertently on phone cables
entering a pedestal because the cabl&s shield is not grounded. In most
jurisdictions, grounding the shield inside the pedestal is riot required
unless the cable shares a trench with power cables. If there is no
ground wire, it is recommended that a wire and clips, as shown in
Figure 5-7, be connected from the cable shield to the pedestal before
using the inductive mode to excite the target cable. This will greatly
improve the strength of the inducted tracing signal.

5-5

SHORTING
WIRE

Isolators and Inductive Excitation
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Figure 5-6. Gas Line Isolator Bypassed with Shorting Wire

GROUNDING CLIP

Figure 5-7. Pedestal with Grounding Clip Installed



a
Isolators and Conductive Excitation

When using the conductive mode to trace a phone cable from a
pedestal, electrical isolation of the shield is an advantage. If a ground
wire is providing a good path from the shield to earth ground through
the pedestal, the trace current will use it to complete the return loop
to the transmitter grounding stake instead of going down the target
line. So if there is a ground wire in place, disconnect it from the
pedestal before connecting the conductive cable clip to the shield to
ensure that a strong tracer current is applied to the cable.

Figure 5-8. Pedestal with Groundwire Removed

Determining Target Depth by Triangulation
The receiver can be used in the traditional triangulation method to

determine the approximate depth of a target as illustrated in Figure
5-9. However, when using this method it is necessary to take into
account the fact that the center of the cable-sensor is located 11 inches
up the receiver tube from the black tip.

When the position of the target has been determined by the null,
mark the spot (#1) on the ground. Hold the receiver tip on the ground
at this spot, slant the instrument at a 450 angle and slowly move
directly back, to one side, from the target until a second null is
obtained. Now mark a spot (#2) on the ground that is directly below a
point 11 inches up the receiver tube from the black tip. Measure the
distance between spot # 1 and spot #2. This measurement indicates
the approximate depth of the target.

5-6a

GROUND WIRE
CONDUCTION JACK CLIP STAKE

/
CLIP



Figure 5-9. Determining Approximate Depth of Target

NOTE
Depth readings should be taken
on both sides of the line at a spot
where the lobes have the same
signal strength. This procedure
will help reduce any error in
depth estimation caused by a
distorted tracing signal due to
interference.
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Section VI
Maintenance

The MAC-51B system is built to give trouble-free operation.
Normally, maintenance is limited to the occasional replacement of
batteries. In the event that a malfunction does occur, refer to the
appropriate trouble-shooting guide on page 6-4. They list a few
possible problems that can generally be corrected in the field so that
you will be able to continue using the locator without interruption.

Replacement of Receiver Batteries

The receiver is powered by four C-cell batteries carried in a battery
holder illustrated in the exploded view of the electronic assembly.
Access to the batteries is obtained by removing the two knurled nuts
and sliding off the cover.

The four batteries are connected in series. The proper polarities f or
the batteries are shown on the battery holder. Batteries must be
removed and installed as shown in Figure 6-2.

COVER

4

Figure 6-1. Exploded View of Receiver Electronic Unit

6-1

BATTERY HOLDER

KNURLED NUTS



6-2

41

BATTERY BOX

HEADPHONE
JACK

BATTERIES

COIL SPRING

Figure 6-2. Replacement of Receiver Batteries



Replacement of Transmitter Batteries

:

The transmitter is powered by eight alkaline C-cell batteries located in
a battery holder. Access to the batteries, as illustrated in Figure 6-3, is
obtained by removing the two knurled nut, the battery holder cover,
and the spare battery holder. The eight batteries are connected in series.
The proper polarities for the batteries, their removal, and installation
sequence are indicated below. Batteries mustbe removed and installed in
the order shown.

SPARE BATTERIES

BATTERY
BOX TERMINALS

REMOVE BATTERIES FROM ENDS.
OPPOSITE SPRINGS FIRST
INSTALL BATTERIES AGAINST
SPRINGS FIRST.

Figure 6-3. Replacement of Transmitter Batteries

6-3

COIL SPRINGS HERE



RECEIVER TROUBLESHOOTING GUIDE

Symptom Possible Cause How to Check How to Fix
Dead Dead Batteries.

Batteries not
making
contact.
Broken Wires.

Replace.
Check for
contact
corrosion.
Visually
inspect.

Replace.
Clean Contacts.

Resolder.

Intermittent Batteries not
making good
contact.

Check for
corrosion.

Clean Contacts.

No sound Speaker
terminals
shorted to
cover.

Visual. Bend terminals.

TRANSMITTER TROUBLESHOOTING GUIDE

Sympton Possible Cause How to Check How to Fix
No Sound Dead Batteries.

Batteries not
making
contact,
Broken wires.

Replace.
Check for
contact
corrosion.
Visually
inspect.

Replace.
Clean Contacts.

Resolder.

intermittent
Sound

Batteries not
making
contact.

Check for
corrosion.

Clean contacts.

SERVICE INFORMATION

If your locator needs service, please return it to the factory along with
the following information: Name, Address, Where Purchased, Date and
Description of Trouble(s). A telephone estimate will be provided prior to
service work being done. See shipping information on Page 6-7.

6-4
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LIMITED WARRANTY

The Schonstedt Instrument Company (Schonstedt) warrants each
product of its manufacture to be free from defects in material and
workmanship subject to the following terms and conditions. The war-
ranty is effective for one year after shipment by Schonstedt to the
origirral purchaser.

Our obligation under the warranty is limited to servicing or adjust-
ing any product returned to the factory for this purpose and to replac-
ing any defective part thereof. Such product must be returned by the
original purchaser, transportation charges prepaid, with proof in
writing, to our satisfaction, of the defect. If the fault has been caused
by misuse or abnormal conditions of operation, repairs will be billed at
cost. Prior to repair in this instance, a cost estimate will be submitted.
Service or shipping information will be furnished upon notification of
the difficulty encountered. Model and serial numbers must be supplied
by user. Batteries are specifically excluded under the warranty.

Schonstedt shall not be liable for any injury to persons or property or
for any other special or consequential damages sustained or expenses
incurred by reason of the use of any Schonstedt product.

- FOR SERVICE OR REPAIR
Please ship locator (in its case to):

Schonstedt Instrument Company
1775 Wiehie Avenue

Reston, VA 22090

PATENTS
Manufactured under the following Patents: United States: 2,916,696;
2,981,885; 3,894,283; 3,909,704; 3,961,245; 3,977,072; 4,110,689; 4,161,568;
4,163,877; 4,258,320; 4,388,592 and Design 255552. Canada: 637,963;
673,375; 1,006,915; 1,037,121; 1,141,003, 1,177,891 and 1,206,091. Great
Britain: 1,446,741; 1,446,742; 1,494,865 and 2,012,4306. France: 2,205,671
and 8112295. Germany: 25 51 968.0.09; 25 55 630; and 29 01163. Japan:
1,595,127 and 1,413,844. Other patents pending.
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WARN]NGS

The following warn.ngs appear in this manual and
are repeated here for emphasis.

Do not look at the light source from closer than
6 inches with unprotected eyes. Observe only
briefly. Continued exposure to ultraviolet
energy generated by the light source can be
harmful to eyesight.

The instrument measures gases in the vicinity of
the operator and a high reading when measuring
toxic or explosive gases should be cause for
i!Tuediate action for safety.

care must be taken in the handling of gas
Contents are under high pressure. In

some cases, the contents may be hazardous. Many
gas suppliers will provide data sheets for the
mixtures upon request.

Never open the valve rn a gas container without a
regulator attached.

Turn the function switch on the control panel to
the OFF position before disassembly. Otherwise.
high voltages of 1200 V DC, will be present.

Use great care when operating the analyzer with
the readout assembi, outside its case due to the
presence of 1200 V DC.

Be very careful to note the toxic levels and the
Lover Explosive Limits for personal safety. The
P1 101 is a nondestructive analyzer and must be
used in a hood when calibrating with toxic or
hazardous materials.

— The P1 101 is suitable for uses in Class I
Division II ABCD areas except when using charger
or when using recorder.
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]..l INTRODUCTION

SECTION 1

GENERAL INFORMATION

This manual
list for the Tra

describes the operation,
ce Gas Analyzer, Model P1

maintenance and parts
101, HNU Systems Inc.

1.2 EQUIPMENT DESCRIPTION

The Trace Gas Ana
instrument used to det
of the concentration o
ndustrjal or plant at
principle of photoioni
absorption of ultra—vi
leading to ionization:

RH + hv ——) RH+ + e—

a portable
direct reading

in many
ploys the
yes the
gas molecule

in which

RH Trace gas
hv Photon with an energy level equal to

than the ionization potential of RH.
or greater

many trace species,
to ionize the major

ultraviolet (U')
ergy level high e

particularly organics.
components of air, 02.

light
riough to

but not high
N2. CO. CO9 or

electrod s o
electrod .
electode a i

absorption f
The current p
concentration
(ppm).

s a pa_r of

The analyzer
battery charger.
circuitry; the re
power supply and
operate from the
when connected to

consists of a probe, a
The probe contains the
adout assembly contains
rechargeable battery.
battery for more trhan
the battery charger.

readout
sensing
the met

The anal
10 hours

assembly, and
and amplifying
er, controls,
yzer vu],
or continuously

a

PAGE 1—1

lyzer (see Figure 1—1). is
ect, measure, and provide a
f a variety of trace gases
mospheres. The analyzer em
zation. This process invol
olet light (a photon) by a

The sensor consists of a sealed
source that emits photons with an en
ionize
enough
H20.

A chamber exposed to the light source contain
e • ne a bias electrode and the secon
e hen a positive potential is appl.i

f eld is created in the chamber. I

o photons are driven to the collec
roduced is then measured and the
displayed on a meter directly in

d a collector
ed to the bias
ons formed by the
tor electrode.
corresponding
parts per million

To minimize absorption or decomposition of sample
rapid flow of sample gas is maintained thru the ion ch
which is small, made of inert material and located at
sampling point.

gases, a
amber.
the



FIGURE 1•1
TRACE GAS ANALYZER
OPERATING CONDITION
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SECTION 1.2, EQUIPMENT DESCRIPTION cont.

The PT 101 is designed for u
with lamps of different energies.
simply by connecting the probe to

11.7 eV lamps.
er and amplifier

Two optional
Lamps of different eV
S are not interchangeable

Many applica
compounds respond
Figure 1—2 shows
three lamps. Li
avalab1e from H

tions make use
to the more e
the responses

terature explai
NI) Systems Inc.

recorder
given in

available
bly. It
2 / hour.

provides
appr

in! or

that can be directly
uses impact paper with a
The recorder is powered
hard copy of the data.

1. hours with the
and illustration is

Specification data
Ph ysical characteristic
1—2.

on the analyzer is given in
s of the equipment are given

Table 1—]..
in Table

PACE 1—3

the proper SPAN pot value, and then z
data is given in the calibration memo

se with interc
The analyzer
the readout a

probes u
ratings,
be tween

hangeable probes
is ready for use

ssembly, setting

The standard probe uses a 10.2 eV lamp.
Se 9.5 and
ion chamb

probes.

eroing the unit. S
accompanying each

pecific
probe.

of the principle that some

nergetic lamps and not to others.
for the analyzer with each of the
ning several such applications is

alarm is
tratiort
et from
r the al

An optional audible
signal when a set concen
is variable and can be s
meter reading. Power fo
and does not significan
analyzer. The alarm is
ad justment, preventing

l'Jhen in the star

available
is exceeded
0 to 100% o
arm is prov

—

giving
• The
f full
ided b

ttly affect
non—latchi
inadvertent

an 85
alarm
scale
y the
ime of

decibel
setting
of the
battery
the

instrument cover
assembly to form

the rated
ng and is
changes.

use
set

ed condi
(see Figure
a single uni

by a screw

tion, the probe is contained in the
1—3) which attaches
t (see Figure 1—4).

to the readout

An optional recorder is
attached to the readout assem
2" wide chart and a speed of
by the instrument battery and
The analyzer will operate for

Mountingattached.
Section 8.

oximate 1 y
mati on
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FIGURE 1-3
PROBE STORAGE
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TABLE 1—1

SPECIFICATION DATA

a. DESIGN FEATURES

Range settings 0 to 20, 200, 2000 pp
(other ranges available on request)

Lamp iating 10.2 eV standard,
9.5 or 11.7 eV optional

Audible alarm, 85 db at 3'
low or high limit
(optional)

b. CHARACTERISTICS (see NOTE)

Detection Range * 0.1 to 2000 ppm
(parts per million by volume)

Minimum Detection Level 0.1 ppm

Maximum Sensitivity z 0 to 20 ppm FSD at SPAN 9•S
(full scale deflection)
0 to 2 ppm FSD at SPAN 0.0

Repeatability * +1— 1 of FSD

Linear Range " 0.1 to I0O ppm

Useful Range * 0.1 to 2000 ppm

Response Time Less than 5 seconds to 90 of FSD

Ambient Humidity up to 90: RH (relative humidity)
Operating Temperature, —10 to 40 degrees C.
Ambient

Operating Time on -

Battery, continuous use,
without HNU recorder Approximately 10 hours; at lower

temperatures time is reduced due
to effect of cold temperature on
battery.

with HNU recorder Approximately one half of normal
(optional) time

PACE 1—7



TABLE i—i cant.

Recharge time from Full recharge — 12 to 14 hours
full discharge

Recharge current Max 0.4 amps at 15 V DC

Battery Charger Power 120 V AC, single phase. 50—60 cycle,
1.5 Amps

NOTE: * When equipped with 10.2 eV Probe with SPAN set at 9.8
and measuring benzene. Values will vary for other
compounds and conditions.

PACE 1—8
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TABLE 1—2

EQUIPMENT SIZE & WEIGHT

Overall dimensions Weight, Volume, c3
Quantity Name cm (inches) kg (lbs.) (cu. ft.)

Trace Gas 21W x 13D x 24H 3.8 6552

Analyzer (8 1/4 x 5 3/16 (8.2) (0.23)
(stored condition) x 9 1/2)

Probe Assembly 6.3 Diam x 28.5L 0.55 564
(2 1/2 x 11 1/4) (1.2) (0.02)

Readout Assembly 21W x 13D x 16.5H 3.2 4504
(8 1/4 x 5 3/16 (7.0) (0.16)

x 6 1/2)

Battery Charger lOW x 12.7D x 9L 0.6 1143
with cord (6 x 5 x 3 1/2) (0.9) (0.06)

PAGE 1-9



I.

S

2.1 INTRODUCTION /UNPACING

SECTION 2

OPERATION

Unpa
the housi
regulator
manual.
carton.

ck the i
ng, stra
and cyl.
Be sure

nstrument carefully.
ps, battery charger,
inder if ordered1 spa
all items are removed

The carton will contain
additional probes,
re parts, supplies and a
before discarding the

Attached
be filled out

to the instrument is a warranty card whi
completely and returned to HNU Systems.

ch should

2.2 CONTROLS AND INDICATORS

The controls and
of the readout assemb
described in Tables 2

indicators
ly (see Fig
—1 and 2—2.

are located
ure 2—1) and

on the front panelare listed and

3 OPERATING PROCEDURES

The following procedures are to be used
analyzer:

in operating the

a. Unclamp the cover from the main readout assembly.

b. Remove the in
two fasteners.

ner lid from the cover by pulling out the

c. Remove the probe, handle and cable from the cover.
Attach the handle to the front part of the probe.

the 12 pin keyed
Carefully match

the key in the co
until a distinct

socket
the

nnec tot.

snap
and lock is felt.

Screw the
The probe

probe extension into the probe end cap.
may be used without the extension if desired.

f. Set the SPAN
9.5, or 11.7
calibration

PAGE 2—1

d. Connect the probe cable plug to
on the readout assembly panel.
alignment slot in the plug to
Screw down the probe connector

con
eV)

ox- b

trol for the
as specific
y subsequent

probe being used (10.2,
d by the initial factory
calibrations.
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TABLE 2.-i
V

CONTROLS

Name Position Function
—

Svitch Controls the operation of
the analyzer

OFF All operations OFF

BATT Checks the condition of
(battery check) the battery. If the meter

needle is in the
green arc, the battery is
charged. If not the
battery should be
recharged. Charging can be
done in any position, best
in OFF; see directions on
charger.

STANDBY All electronics ON,
ultraviolet (UV) light
source OFF. This pos.tion
conserves. power and extends
battery life. This
position is used to set the
analyzer zero position.
(i.e. no tJV light, no
signal)

0—2000 Sets range of meter at
0—2000 ppm.

0—200 Sets range of meter at
0—200 ppm.

0—20 Sets range of meter at
0—20 ppm.

ZERO With the function switch in
STANDBY position, this
potentiometer is used to
adjust the reading to zero.

NOTE: See Figure 2—1 for locations.

PACE 2—3



TABLE 2-1

SPAN

cont.

HI—VOLTAGE

This vernier potentiometer
is used to set the gain of
the amplifier to give
direct readings of the
trace gas concentrations
in ppm. The whole number
of the setting appears in
the window of the control,
decimal appears on the
dial. A lock secures it
at a specific setting.

This is a normally open
microsul tch.

Switch is o
not connect
high voltag
from the 12
as a safety

pen when cable
ed, disconnecting
e for the IIV lamp
pin connector
precaution.

-

Closed Switch is automatically
closed when the cable is
attached.
This switch m
closed manual
maintenance c

ALARM SET
(optional)

level at
sounds.
limit, it
measured p
this value
high limit it
measured ppm
value.

falls below
If alarm is
sounds when
exceeds this

NOTE: See Figure 2—1 for locations.

PACE 2—4

Open

ay also be
ly during
hecks

of the readout as
without the probe
attached.

sembly
cable

Potentiometer with screw—
dri ver adjustment.
Turns the audible alarm ON
or OFF and sets the ppm

which the alarm
If alarm is low
sounds when
pm
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TABLE 2—2

INDICATORS AND DISPLAYS

Name Function

Low Battery Indicator Light Illuminates when battery is
(red light) discharged, indicates need for
(see NOTE) recharge.

Do not use unit when this
light is ON.

Readings may be taken while
battery is being recharged.

Meter (see NOTE) Indicates concentration of
measured gas.

Recorder (optional) Provides a record of readings
(see Figures 2—1 And 8—3) while analyzer operates

unattended.
Recorder inputs 0 to —S V DC.

NOTE: See Figure 2—1 for locations.

PAGE 2—5



SECTION 2.3, OPERATING ?ROCEDURES cant.

g. Turn the function switch
position. The needle on
zone if the battery is full
below the green arc or if t
comes on, the battery must
analyzer is used.

h. Set SPAN pot to the desired value based on the gas
to be used.

i. Turn the
Turn the
at zero.

j. Calibrate the
3. Calibrat.
desirable.

function switch
zero adjustment

to
until

instrument daily as described in Section
on on the selected operating range is

recorder, add the r
Remove the pl .

power cord into the
leads to the appropri
The recorder is no o

ecorder
n the
r ec or

ate 2
perr:

not look at the light source closer than
nches with unprotected eyes. Observe only
necessary, then only briefly. Continued
osure to ultraviolet enecgy generated by
light source con be harmful to eyesight.

PAGE 2—(,

to the BATT (battery check)
the meter •iill r,o to the green

y charged. If the needle is
he Low Battery Indicator
be recharged before the

the STANDBY position.
the meter needle is

k. If equippe with optional
setting at the level desir
to the des:red range, turn
so the aeter needle moves
value. This sinulates rca
reading when the alarm sou
required, .ith a screw dri

alarm,
ed. Tu
the ze

upscale
1 condi
nds. A

ver. T

or check the a
he function s
djustment cont

t
a
ru
ns
St

lam
itch
rol

set
rn
ro
th

tb
dju
urn
the

S tO
to the STADEY position and reset
(para. h. above). If the range i
alarm must be reset on that range.

the desired
Observe the

the ALAfl'T SET, if
the function switch
zero position
be changed, the

1. To operate 'ith op
bracket (see Fiur
analyzer case and

tional
e €—3).
insert

Then connect the signal
in the control module.
ROTE: flanges
recorder prints

der.
ac ks
ional

must be marked on the chart as the
the rneter display as ' of u1l Sczlc.

m. Turn the function switch to the appro?riate operating
position. Sturt with the 0—2000 position and then
switch to the more sensitive ranges. The U'.' light
source should be on, confiried by briefly looking into
the probe to observe a purple slow from the lamp.

WARNING

Do
61
if
exp
the
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SECTION 2.2, OPERATING PROCEDURES cont.

n. The analyzer is now operational.

:; 4:1

The inst
vicinity
when mea
should b
safety.

measures gases
operator and
toxic or explo
for action fo

in the
a high reading
sive gases
r operator

p. Take the
account
the pro
Change

reading or
that air cu

be tip may c

the ranges a

readings as
rrents or dr
ause fluctua
s required.

desired
afts in
tions in

taking into
the vjcjnjty
readings.

of

q. Check bat
md icator

tery condition as required.
comes on, turn analyzer off

CAUTION

If the Low Battery
and recharge.

Use only in an emergency with a low battery
when on battery charge.

PAGE 2—7

o. Hold the probe so that the extension is at the point
where the measurement is to be made. The instrument
measures the concentration by drawing the gas in at the
end of the extension, through the ionization chamber,
and out the handle end of the probe.

WARNING

rurnen t
of the

suririg
e cause



'SECTION 2.3, OPERATING PROCEDURES cant.

r. After completion of use,
described in para. g.

check battery condition as

s. Turn function switch to OFF position.

t. When not operating
condition, and con

leave analyzer
nected to battery

in assembled
charger.

u. When transporti
readout assemb].
condition.

ng, disassemble probe and
y and return equipment CO

extension
its stored

from

v. In case of emergency, turn function switch to OFF
position.

2.'. BATTERY CHARGE

To charge the battery,
the charger into the jack.
to the meter. Then insert
AC single phase. O—€O cyc

posi tion

The
turning
vii]. ext
battery.

analyzer
the funct
end the t

The bat

can
ion
ime
tery

the bezel adjacent
nto a 120 or 230 V

re that the charger
the battery

scale if
For

NOTE: On all Sirs approved
the probe assembly b
re—charging. Without
instrument will not

P1 lOis it is
store turning
following th

show battery

PACE 2-8

Check
during eac
battery is
indicator,

the
h pe
lowit

battery chargenod of operatio
as indicated by

is necessary to

as described
n, at least
the meter r
recharge the

in
once
eadi
bat

paragraph 2—3 gdaily. If the
ng or the warning
tery.

fir
Jo,
the

le o
is function
check (BATT
the charger

st insert the mini phone plug of
on the si
charger p
utlet. To

ing, turn the
) position.
is working a

de of
lug i
ensu

normal battery charging,

fun
The
nd c

ction swit
meter shou
onnections

ch, SI. to
id deflect full
properly nade.

leave the function switch in the OFF

be operated, however, while recharging by
swatch to the desired position. Such usage
required to completely recharge the
charger is not Div. II approved.

necessaryon the inst
is procedure
check.

to connect
rument and
the



INTRODUCTION

The Fl 101 Analyzer
ambient air and is calib
benzene, vinyl chloride
calibrations are availab
etc.). Calibration data
special calibration has
Application Data Sheet,
calibration (see Section
information.

Good instrumentation
species to be measured in
This procedure assures the
operating properly and wi

Some general points
are that the analyzer is
conditions and therefore
should be delivered to
pressure and

bration on the
to be used.

yzer is

ting the P1 101
t ambient

for calibration
and

The Fl 101 is a non—destructive analyzer; calibrations using
toxic or hazardous gases must be done in a hood.

The frequency of cal
usage of the analyzer andIf the analyzer has been
should be done to verify
recommended that
(daily or every
confidence level

The normal m
is different., ref
questions, consul
calibration check.

An accurate and r
use an analyzed gas c
3—1 and described bel
given in Section 8, A

eplate is 0 to 20.
Application Data S
representative

If the scalep]ate
heet. If there are

3.2 ANALYZED GAS CYLINDER

a. Concentration — The calibration gas cylinder
contain the species of interest made up in an
at or near the concentration to be analyzed.
component is unstable in air, another matrix i
used. The final calibration mixture should be
to the sample the P1 101 will analyze. If the
concentration is not known then a concentration
be chosen that will cause a scale displacement
80 on the X1O range. Calib.ation on X10 range
provide accurate values on the Xl range as well.

S

::

for trace gas analysis

SECTION 3

CALIBRATION

is designed
rated at HNU with certified
and isobutylene. Other opt
le (e.g., ammonia, ethylene
is given in the data sheet
been done, the data is give
which notes the sample sour
8, Appendix), and other pe

in
standards of
lanai
oxide, 2S,

If a
n in the
cc, type of
rtinent

practice
the cance
operator

11 generat
to conside
designed I
the gas st

calls for call
ntration range
that the anal
e reliable data.
r when calibra
or operation a
andards used
at ambient temperaturesthe analyzer

at the proper flow rates.
WARNING:

ibration should
the toxicity of

serviced or repa
operation and pe

calibration be checked f
other day) and then regul

S

be d
the

ired
rfor
req U

any

ictated b
species
calibra

mance. I
ently at

based on

developed.
eter scal
er to the
t the KNU

y the
measured.
tiont isfirst
the

eliable method
ylinder in a te
ow. Additional
ppendix.

before proceeding with

of calibration check is to
St setup as shown in Figure

is to
air matrix
If the
S to be
similar
expected
should
of 50 to
will

PACE 3—1



SECTION 3.2, ANALYZED GAS CYLINDER cont.
Li

request.

the 0—2000 range, a t
referred: one at 70
the other at 25 to
linear range of app

ds these points woul
to 210 ppm, respectively.

WARNING

a
hoice
be
are
ity and

c. Delivery The cylinder containing the calibration
mixture must be connected to a proper regulator.

WARNING

-e

Never open the valve on a gas
container without a regulator

One met
illustrated
leg of the
the probe
require a
wide open
flow. Ad
a little

cylinder
attached.

the

hod of sampling the calibration gas is
in Figure 3—1. Connect the cylinder to one
tee, a flow leter to the opposite leg, and
to the third leg. The flow meter does not
valve. If there is a valve, it must be left

the flowseter is only to indicate excess
just the flow from the regulator such that only
excess flow is registered at the flowmeter.

PACE 2-2

For use on
calibration is p
linear range and
range. With the
for most compoun
510. ppm and 150

wo—standard
to 852 of the

35% of the linear
roximately 600 ppm
d lie between 420 to

b. Stability — The calibration gas must be stable within
the cylinder during the period of use. If the
calibration is required in the field, then use of
small cylinder is recommended. In addition, the c
of cylinder material in contact with the gas must
considered (steel, aluminum or teflon). If there
any questions, the operator should request stabil
usage information from the gas supplier.

Extreme care must be taken in the handling
of gas cylinders. Contents are under high
pressure. In some cases, the contents may
be hazardous. Many gas suppliers will
provide data sheets for the mixtures upon

Leak test all tank/regulator connections as well as
main cylinder valve to prevent toxic or hazardous
materials from leaking into the work area. Care must
taken that the materials of construction of the
regulator will not interact with the calibration gas.

be
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SECTION 3.2, ANALYZED GAS CYLINDER cont.

This insures that the PT
atmospheric pressure and

d. Usage — Generally, a gas cylinder
below 200—300 psi as pressure eff
concentration variations. The cy
used past the recommended age of
indicated by the manufacturer. I

verify the contents and concentra
cylinder.

e. Alternate means of calibration are possible. For
more information, Contact the HNU Service Department.

3.3 PROBE

exists, disassemble
energy of the lamp

b. Connect the probe to the teadout assembly, making sure
the red interlock
connector.

c. Set the SPAN
calibrated.
the probe.

pot to the proper value
Refer to the calibration

for the probe being
memo accompanying

Potential
IF of the

f the lamp.

f. NOTE: The 11.
Do not use wa
11.7 eV lamp.
amplifier boa
5.2).

7eV lamp has a special ci
ter or any other cleaning
Do not interchange ion

rds or lamps between prob

eaning compound.
compound with the

chambers,
es. (See Section

3.4 PROCEDURE

the function
in the green

PAGE 3—3

a
101 sees the calibration gas at
ambient temperature.

should
ects Co
]inder
the con
n case
tion of

not be used
uld cause
should not be
tents as
of difficulty,
the gas

a. Identify the probe by the lamp la
the probe and
is etched into

bel.

insp
the

If a
ect t
glass

question
he lamp.
envelope.

The

switch is depressed by the ring on the

d. Check
gas t
at or

the loniza
o be used.
below the

tion
The
IP 0

e. Proceed with the
3.4. Check the c
If any questions

(I?) of the calibration
calibration gas must be

calibra
alibrat
develop

tion as
ion me

call

described
o for spec
the HNU re

in Section
ific data.
presentative.

a. Battery check
The needle

— Turn
should be

recharge the battery.

switch to BATT.
region. If not,



SECTION 3.4, PROCEDURE cant.

::

b. Zero set
In this p
generated
control.
switch on
air. In
the anal

— Turn the function switch to
osition the lamp is OFF and no
• Set the zero point with the
The zero can also be set with
the Xl position and using a
this case "negative" readings
yzer measures a cleaner sample

STANDBY.
signal is
ZERO set
the function

Hydrocar ban—free"
are possible if
when in service.

0—200
function swi
reading. Adj
read the ppm
zero setting
repeat step
and the gas
points can b

tch to the r
ust the SPAN
concentrati
(step b.).

c. This giv
standard po
e generated

ent.
alibr
i ma t e
• If
o or
fl St

Repeat these
ation is
ly linear to
the analyzer

0—200 range,
eps b. and c.

e. Lamp cleaning
calibration i
then the lamp

— If the span setting
s 0.0 or if calibration
must be cleaned (see Se

result
canno
ction 5.2).

3.5 CALIBRATION CHECKING

Rapid calibration checking in the field can be accomplished
by use of a small disposable cylinder containing isobutylene.
Immediately after a calibration has been completed, a reading is
taken on a special isobutylene atandard. This provides a
reference concentration measurement for later checking in the
field. This can be done at any time with a portable cylinder
containing this same special standard, using this reference
reading as a check, and making adjustments to the analyzer if.
necessary. In effect, this is an indirect method of
calibration, one maintaining the calibration to give direct
readings for the original gas mixture1 but using the portable
isobutylene cylinder. Details are given in Section 8.2 of the

Appendix.

PAGE 3—4

c. 0—20 or 0—200 range — For calibrating on the 0—20 or
range only one gas standard is required.

ange pos
control
on of th
If readj
es a two—
mt. Addi
by dilut

zero air if desired (see Section

Turn the
ition and note the meter
setting as required to
e standard. Recheck the
ustment is needed,
point calibration; zero
tional calibratton
ion of the standard with
8).

d. 0—2000 range — For calibrating on the
of two standards is recommended as ci
3.2a. First calibrate with the highe
the SPAN control for setting. Then c
lower standard using the ZERO adjustm
several times to ensure that a good c
obtained. The analyzer will be appox
better than 600 ppm. (see Figure 3—2)
is subsequently to be used on the 0—2
it must be recalibrated as described
above.

0- 2 000
ted in S
r standa
all brate

ran
ec t

rd
vi

ge, use
ion
using
th the

1. Lamp replacement — If the lamp

ing from
t be achieved,

the lamp has failed, it must be replaced (see Section
5.3).

output is too low or if
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'..2 IONIZATION POTENTIALS

Cases with o
of the lamp i.'ill b
and measured by th
• Gases with lo
lamp '1l not be d

nization
e ionized
e analyzer.
n.zation potentials highe
etec ted.

han that
detec ted

r than that of the

atoms,
8—13 in

Gases with ionization potentials near to
than the lamp are partially ionized, with low

4.3 IONIZATION SENSITIVITY

molecules and
Section 8,

or slightly higher
sensitivity.

a species of gas exposed to
characteristic of that
ustrated in Table 4—1 for a
in Table 8—14 for a large
exposed to photons from a

PAGE 4—1
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SECTION 4

i• PRINCIPLE OF OPERATION

The analyzer
present in the atmo
occurs when an atom
energy to release a
will occur when the
electron volts (eV)
source of photons i
either .5, 10.2 or

The detection
enter through the
photons emanating
for those molecule

-

FUNCTIONAL DESCRIPTION

measures the concentration
sphere by photoionizati
or molecule absorbs a
n electron and become
ionization potential
is less than the crier
s an ultraviolet lamp
11.7 eV.

process is shown in Figure 4—1
inlet into the ion chamber and
from the ultravtolet lamp. lo
s having ionization potentials

of trace gases
on. Photoionization
photon of sufficient

a positive ion. This
of the molecule in
gy of the photon.
with an energy of

than that of the
A positive—

The

lamp.
biased

positi
Thus
and di

T
presen

polarizing

are
iza
rica

1%

ye ions
the ions
splayed
his is p
t in the

Sampi
expo

tion
r to

e gases
sed to
occurs
or less

to trave
create
on the
roport
ion C

electrode causes these
1 to a collector elec
art electrical current

meter.
ional
ham be

trode
whic

r

photoionjzaton.
In service, the ana

known composition equal,
be measured.

to the concentration of
and to the sensitivity

in the chamber.
h is amplified

trace gas
of that gas to

lyzer is first calibrated with a gas of
close to or of that to

potentials near to or less t
These gases will thus be

Ionizat.on potentials for various
compounds are given in Tables 8—1 thru
Appendix.

The ionizat
i.e., oxygen, ni
12.0 eV to about
lamps.

ion potential of the major components of air,
trogen, and carbon dioxide, range from about
1.5.6 eV and are not ionized by of the three

The amount of ionization of
photons, its sensitivity, is a

particular species. This is ill
number of chemical groupings and
number of individual species when
eV lamp.

10.2
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The species with the
the 10.2 eV photons than a
example, referring to data
for benzene, when measurin
benzene, will read 10.0
10 ppm of vinyl chloride
sensitivity of the vinyl
case for the 9.5 and 11.

higher values are
re those with love
in Table 8—14, an
g a sample contain

and when measuring a
will read 5.0. Thi
chloride. Similar
7 eV lamps.

4.4 CALIBRATED PROBES AND SELECTIVITY

within individual
The amplifier
specific eV 1
interchanged
of these prob
of the use of
follow and ill
given (without
performed after

Examples of
Table 4—2.
described
ure 4—2.

Contains
9.5 and

spec i es.
ement of
presence

hangeable in
ent applicati
selected for
gs canno

selective ap
onal app
sections
examples

Re—zeroing

a
11.7

of

use
ons.
the

4.5 10.2 eV PROBE

trace gas (or gases) is
Example "a" shows the

Vinyl Chloride (IP—9.995)
Example "b" shows th

Vinyl Chloride (IP—9.995)
Acetylene (IPaII.4). The
gives a direct reading of

Example "c" shows the
Isoprene (IP—9.O8) by i
but is less sensitive.

Trace
roximate span settings for a 10.2 eV probe
readings of the amounts of trace gas of a
sample is given in Table 8—14. for
control is set at 4.3 the analyzer will
ring a sample containing 10 ppm of vinyl
settings viii vary with the condition of
of the 10.2 eV probe is illustrated in
"c" in Figure 4—2. In each case the
contained in a standard atmosphere.

use of the 10.2 eV probe to measure
by itself.

e use of the 10.2 eV probe to measure
in the presence of a second gas,
acetylene is not ionized and the probe
the Vinyl Chloride above.
use of the 10.2 eV probe to measure

tself. A 9.5 ..V probe may also be used
the 10.2 eV probe is recommended.

more sensi
r values.
anal yzer
ing 10 ppm
sample co

S shows th
conditions

tive to
For
calibrated
of

ntaining
e lower
are the

The standard pr
10.2 eV lamp. Optio
eV permit selective

The probe with
species having IF va
interfering species

The probe with
species with IF valu

The probes with

obe provided
nal probes conta
determination or
the 9.5 eV lamp
lues lower than
with IF values a
the 11.7 eV lamp
es above 10.2 up
different lamps

with the analyzer
ining lamps of
exclusion of
permits measur
9.5 eV in the
bove 9.5 eV.
permits measurement of
to aproximately 11.7 eV.

readout assemblies
are interc
for differ

in the probe are
ifferent eV ratin

and ion chamber
amp. Lamps of d
between probes.
es
t
U

is given in
he probes are
strated in Fig
discussion) in Table 4—3.
each probe interchange.

Additi
in the
Further

t be
plication
lications
that
are

The 10.2
Gas Anal
that iou
particul
example,
read 10
chloride
the lamp
examples

eV probe is the standard probe used with the
yzer. The app
id give direct
ar species in a
when the span
ppm when measu

These span
Application

"a", "b", and
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TABLE 4—1
1!

RELATIVE PHOTOIONIZATION SENSITIVITIES FOR GASES

Chemical
Grouping

Relative Sensitivity
(see NOTE) Examples

Aroma tic

Aliphatic Amine

Chlorinated
Unsaturated

Car bonyl

Unsaturated

10

10

5—9

7—9

3—5

Benzene, Toiuene, Styrene

Diethylamine

Vinyl Chloride, Vinylidene
Chloride, Trichioroethylene

KEK, MiBK, Acetone,
Cyc 1 ohexartone

Arolein, Propylene,
Cyclohexanone,Allyl

Sulfide,
rca p tan

Alcohol

Paraffin (C3—C7)

Ammoni a

1—3

0.3

Pen tane, Hexane, Heptane

r'araffin (Cl—CL.) 0

NOTE: Rela
when
h'i th
cali
pot
benzene.

Methane thane

PAGE 4—4

Sulf.de 3—5 Hydrogen
Methyl Me

tive sensi
measuring
instrusien
brated for
setting —

tivity
10 pp

t .tith ]

10 ppii
9.8 for

meter
of the
0.2 eV
of ben
direct

reading
listed gas
probe

zene. span
reading of



— TABLE 4—2

TYPICAL APPLICATIONS OF INTERCHANGEABLE PROBES
—

Ionization
- potentials Relative Sensitivity

Compound (eV) 9.5/10.2 eV 11.7/10.2 eV

p—Xylene 8.44 0.10 0.104
p—Chlorotoluene 8.70 0.09 0.112
Toluene 8.82 0.09 0.112
o-.Chlorotoluene 8.83 0.075 0.112
Ethyl Acetate 9.19 0.075 0.112

Benzene 9.24 0.10 0.10
Methyl Mercaptan 9.2t 0.10 0.072
Pyridine 9.32 0.075 0.122
Allyl Alcohol 9.67 0.10 0.112

Crotonaldehyde 9.88 0.075 0.104

Amyl Alcohol 9.80 0.09 0.116
Cyclohexane 9.88 0.075 0.104
Vinyl Chloride 9.95 0.085 0.112
Butanol 10.94 0.09 0.176
Amonja 10.15 0.06 0.160

Acetic Acid 10.37 0.04 0.560
Ethylene 10.52 0.0 0.320
Ethylene Oxide 10.56 0.0 0.298

Response with 9.5 or 11.7 eV probe
Relative sensitivity

Response with 10.2 eV probe

PAGE 4-5
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10.2 eV Probe energy (eV)

trcb€, biri€. IF =

Acetylene (11 4 Vàny Chloride 19.995)

_1I1

10.2 cv Probe energy(eV)

:c -.. . . .

IsoDrene (9.081

11 10 9

10.2 eV Probe energy levI

:c.. -r (1

FIGURE 4.2
APPLICATION OF PROBES



Vinyl Chloride (9.995) Isoprene (9.08)

9.5 eV Probe energy (eV)

— :,.
— .... r..- ). J -.

Acetylene (11 .4

A
-t 11 10 9

11.7 eV Probe energy (eV)

Acetylene ( 1 41 Vinyl Chloride (9.995)

11 10 9

11.7 CV Probe 10.2 cv Probe energy leV

—

-- ij. Frc.b bo.r. .,_e.t.1cr :r- -

irid '.'ir1 LhJorde IF

1'). eV Probe rnejsur VAnI Chi on de
but r,t Acety3 ere
Dj4*ererCe beteer the tc re1'9 1$ the
meure of Acetylene

FIGURE 4.2 -

APPLICATION OF PROBES CONTINUED Pse47



Styrene/Hexane
Together

10.2 and 9.5
Use 10.2 t
9.5 to nea
difference
concentrat

ormaldehyde/Styrene
Together

10.2 and 11.7
Use 11.7 to ieasure
10.2 to neasure Sty
difference will be
contentratlon of Fo

total.
rene,
the
rmaldehvde

PAGL. 4—8

TABLE 4-3

(IP • 10.48) 10.2

PROBE APPLICATION EXAMPLES

Application Recommended Probe

Styrene (IP 8.47) 10.2
Alone

Hexane
Alone

o measure total,
sure Styrene,
will be the
ion of Hexane.

Formaldehyde (IF 10.87) 11.7
Alone



— SECTION coat.

— ' 6 9.5 eV PROBE

.7 11.7 eV PROBE

•::l {L. e:ii..

gases with IP<9.5 when
be present having
ted by example "d"
to measure Isoprene

ide (IP—9.995)'.
give direct readings

IP>1
itse
used to measur
in conjunction
'f". In this
and Vinyl Chlo
measurement of

The 11.7
Acetylene and
measures just
difference bet

1e Acet
with

case,
rIde (
the Acetylene alone.

eV probe measures the total
Vinyl Chloride together. Tb
the Vinyl Chloride, exciudi
ween the two readings is the

presence of both
e 10.2 eV probe
ng the Acetylene.
measure of the

£..S EQUIPMENT DESCRIPTION

The fi.
Small

measur
preven
cannot
drop.

ow rate is approxi
variations in the
ement. A major ob
t proper operat
draw a sample

mately 100
flow rate

struction

in the probe and
The ion

d, and fan are located
poker supply board, and

embly. The probe and
800 cm (32tt) cable.
robe and ion chamber.
centimeters per minute.

t affect the
flow, however, will

PAGE 4—9

The 9.5 eV probe is used to measure
it is necessary to exclude gases that may
IP)9.5 eV and <10.2 eV. This is illustra
Figure 4—2. Here a 9.5 eV probe is used
(IP9.08) in the presence of Vinyl Chior

Gain settings for a 9.5 eV probe to
various species are given in Table 8—15.

in

The 1.
0.2 eVif is

f or

1.7 eV Probe is
but less than

illustrated in
y ene
a 10.
two gas
IP'9.99

used to measure trace gases with
11.7 eV. The use of this probe by
example "e". Here the 11.7 eV probe is
(IP11.4 eV). The use of this probe

7 eV probe is illustrated in example
es are present, Acetylene (IP1l.1e)
5). The objective is to obtain a

Acetylene.
Gain settings

for various species

The

for the 11.7 eV probe to give direct readings
are given in Table 8—15.

The components of the analyzer
the readout assembly (see Figures 4
chamber, UV light source, amplifier
in the probe assembly. The battery

the readou
connected

in through

the meter are
the readout a

The fan

are located
—3 and 4—4).

S
located in
sembly are
draws gas

S

—

boar
the

t ass
by an
the p
cubic
do no
to the

The output from
on the meter.

Voltage for the
fan is provided from
The battery provides
positive side of the

ion and lengthen response time. The fan
from any distance or across a pressure

the ion chamber is amplified and read out

light source, ion chamber, amplifier and
a DC converter on the power supply board.
the source of power for the converter. The
battery is grounded.



Section 6.8, EQUIPMENT DESCRIPTION cant.

Pin J.
The output
e connector
resistor net
From there

ch on the Co
Connect

switch serve
the span con
through the
provides fee
cable, pin B
the amplifie

Power f
networks con
terminals of
the power su
follows for

the ion
4—5).
ustment

C on P2/J2,lifier enter
ntrol adjust
1 output at

from the amplifier
to pad 11 an the pow
39 thru R49, includi
es to the meter thro
panel.
the resi

he operat
n t I ome t e r

put.
he UV lamp, Dl,
ing CR4—9 opera
nsformer Ti. V

board or .33
several different conditions

and F
he control panel
ground connector

es thru pin E in the
supply board, to
the adjustable pot
the function

Condition

Probe connected, lamp
operating properly

Voltage, V DC

—350 to —I5O

Probe connected.
cperat.ng properly

lamp not —1100 to —1200

Probe not connected, high C to —300
voltage swi.tch not depressed

Probe not connected, high —1100 to —1200
voltage switch depressed manually

The input signal from
P1/fl (see schematic Figure
amplifier Al. The zero adj
enters thru p1

Power for
respectively.
enters at pin

ns 3 and
the amp
Span co
B, signa

chamber enters at connector
goes to transistor Qi and
setting on the control panel
thence to the transistor Qi.
s on pins D
went from t
pin E, and

cabi
the
R48.
swi t

at

signal
P3/.33
work R
it go

ntrol
oct

t

te
n suit
ontrol

80
er
ng
ugh

ions fr
to set

tro]. P0
functio
dback c

stor
ing
cow

network
range of
es from

ch.
to

through
the mete
this same

on the amplifier

the function
r. Input to
network

r in
or t
tam
tra

pp1y
the

The output of the span control pot
the amplifier through pin H on the
board, and feedback resistor R5 to

is provided by rectifier
ting from the red and white
oltage for the lamp (pad 22 on

pin D, Figure 4—6) will be as
that may exist.

Power for the ion chamber is provided by rectifier network
CR2 and 3 operating from terminals 6 and 7 of TI and voltage
regulator Zi. Power for the amplifier is provided by rectifier
networks CR13—16 operating from terminals 4,5 and 8 of TI.
Power for the fan motor is provided by rectifier network CR18—21
operating from terminals 1, 2 and 3 of transformer Ti.
Conversion of the DC from the battery for input power to Ti is
accomplished by Z2. Power for a recorder is available at
connector .37.

PAGE 4—10
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Section 4.8, EQUIPMENT DESCRIPTION cont.

the
of
fun
to

tion if
11.23
The

switch
when d

the battery vol
V DC. J6 provid

six bank switch,
S2 disables the
isconnected.

tage falls below
es for connection
Si, is the
high voltage power

r supply
ifier
goes

The output from the alarm set
pin on P5/J6, goes to the second
UI operates the audible alarm through
these is connected at the factory to
alarm, respectively, as requested by
operate when the signal falls or ris
Reference power for the alarm settin
and power for the amplifier and tran
pin 5. The battery charger provides

PAGE 4—11

D3 provides indica
prescribed level of
the battery charger.
ction switch. Micro
the cable connector

board
The alarm
by the

board (optional) is
cable containing

connected to the
connector P6/Jo. The

pave
ampi

output signal, pin 9 on P61J6 (see schematic Figure 4—6)
to one input of amplifier UI. (See schematic Figure 4—5).

control on the front panel,
input of UI. The output from

Q3 or Q2. Only one of
give low alarm or high
the user. The alarm will
es above this threshold.
g enters the board at pin 2
sistors Qi thru Q3 enters at
15.0 V DC for recharging.

—

—



READOUT UNIT

FIGURE 43
BLOCK DIAGRAM

COMPONENT LOCATION

METER READOUT
POWER SUPPLY

OC CONVERTER)

PROBE

ION CIAM8ER

1 LIV
LIGHT-] SOURCE

AMPLIFIER j

SAMPLE



EAOOUT ASSEMBLY

NOTE: ALL VOLTAGES SHOWN ARE NOMINAL VALUES.

FIGURE 4-4
BLOCK DIAGRAM

ELECTRICAL CONNECTIONS

a' :j

4.5 V

1
EXHAUST

+20V

GAS

_ _ _ J

W.V. LIGHT
SOURCE

—450180

PROSE

C:,4•çW -
-Ja

0
4•

>

0

a-
a-

COMMON

AN VOLTAGE
2.6 TO 4.2V

12W
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.i INTRODUCTION

SECTION 5

flfl, .1i -ii,., --

MAIN'TENANCE

Nfa in te nan ce of the analyzer
and ion chanber,
parts or subassernblies.

replacement
consists of cleaning the lamp

of the lamp or other component

Other w 1 S

present.

tion switch on the control panel to
ion before any disassembly.

e, high voltage of 1200 V DC will be

Use great care
the reacout ass
presence of 1200

.ARNiG: Do not
than 6 1
only br:
energy g
harmi u 1

00k at the
nches with
eflv. Con
enerated b
to eyesight.

2 CV AP AND ION C}IAEE C..EANINC

a. Disassemble
chamber (se
doing so to
components.

the lamp and ion
rcise great care
damage to these

PAGE 5—1

VAp.NI;c: Turn the func
the OFF posit

— when
embi

op
To

erating the analyzer with
utside its case due to the

V DC.

light
unpro

tinued
y the

CAUT:ON

so
tec
ex

hg

urce from
ted eyes.
posure to
ht source

any closer
Obseve

u 1 t a V i ole t

can be

Do not .nte
a probe.

selectec fo
the wrong 1

r cha
Amra

amp

foref
the S
condi
unsta
sensi
proce

Dur1n periods
gn nat:er coul
urface of the
tion is indica
tle. non—repea
tivity. These
ss and cause e

of op
d be c
CV lam
ted by
table,
depos

r roneo

nge lamps of different eY rat:ngs
plifier and components are
specific eV lamp. A probe '1:h
w.1l not operate properly.

eration of the analyzer, dust or other
rawn into the probe forning deposts on
p or in the ion chamber. Thls
rieter readings that are low, erratic,
or drifting, or show apparent o.sture
its interfere with the ionization
us readings. Check for this condition
Cleaning can be accomplished as

in

monthly or as required.
follows:

the probe and remove
e Section 5.5). Exe
prevent inadvertent

b. First check the lamp window for fouling b looking at
the surface at an incident angle. Any deposits, films
or discoloration
process. Clean

may
the

interfere
window as

with the
tollows:

ionization



1
1) 9.5 and 10.2 eV lamps

a) First clean by rubbing gently with lens
tissue dipped in adetergent solution.

b) If this does no
amount of HNTJ c
directly onto t
evenly over sur
(e.g. rim—Wipe)

t remove deposi
leaning compoun
he lens of the
face with a non
or a lens tissue.

a small
53k)
spread
tissue

c) ipe off compound with a new tissue.

e) Reinstall lamp in detector and check analyzer
operation.

—

f) If performance is

replace the lamp.
Section .

) 11.7 eV lamp

still not satisfactory
See Section 5.3 and

a) Clean by
organic
gently.

putting a
solvent on

freon or chlorinated
a tissue and rubbing

b) DO NOT CL
MISCIELE
It will d

tAN THIS
SOLVENTS
amage the

LAMP WITH
(methanol
lamp.

WATER OP AY
or acetone).

: ATER

c) DO NOT USE THE CLEANING
9.5 and 10.2 eV lamps un
on the 11.7 eV lamp.

COMPOUND used for the
der any circumstances

c. Then inspect
deposits. If
cleaned by rem
screws holding
retaining ring
the screen. A
methanol, can
deposits. The
methanol and d
approximately
reassembly as
clean the ion
cited above in

he ion chamber
such matter is
oving the outer Te
the retaining rin
aside (NOTE: this
tissue or cotton

be used to clean o
assembly can also

ned gently at 50-.
a half hour. No 1
this would affect
chamber with the
para. b.1)b).

particulate
he criarober can be

flon ring, and the four
8. Carefully move the
is soldered) and remove

swab, dry or wetted with
ff any stubborn
be gently swirled in
60 degrees C for
iquid must be present at
the performance. Do not

HNU cleaning compound

d. Reassemble the probe and check analyzer operation.

e. If performance is still not satisfactory replace the
lamp. See Section 5.3.

t, ap
d (PA
lamp
—a bra

ply
101
and
sive

d) Rinse with warm water (about 80 degrees F)
damp tissue to remove all traces of grit or
oils and any static charge that may have
built up on the lens. flry with new tissue.

or

t for dust
present,

or
t

.1

PAGE 5—2



— 5.3 LAMP REPLACEMENT

To replace
lamp, install a

the lamp, disassemble the probe, remove the old
new one of the same eV rating arid reassemble.

WARNING

Use great care wh
with the readout
due to the presen

en operating the
assembly outside
cc of 1200 V DC.

analyzer
its case

When calibration is accomplished, turn the analyzer
replace the readout assembly in its case.

Adjustment of R48 potentiometer is used only when a
lamp is installed. At all other times adjustment is

accomplished Using the SPAN control potentiometer.

If calibration cannot be achieved, see Section 6,
Troubleshooting.

PAGE 5-3

Turn the fun
panel to the
disassembly.

ction switch on the control
OFF position before
Otherwise, hgh voltage of

1200 V DC will be present.

CAUTION

Do n
rati
corn p
lamp
oper

ot exc
rigs :n
orients
•

ate pr

—

—

range lamps of
a probe. Ampi
are selected f

robe with the w
operly.

different eV
ifier and
or a specific eV
rong lamp will not

Set the SPAN
readout assemb
control potent
on Figure 6—1.
potentiometer,
specified ppm

ly ta
1 omet

Fec

read i

pot to 9.8 for
se (see Sectio
er, R.E. on th
alibrate the a
with a small

rig, lea

Sb
re

the 10.2 eV lamp. Remove the
n 5.6). Locate the gain
e power supply board as shown
na]yzer adjusting th.s

ving the SPAN pot set

For the 9. and 11.7 eV lamps
eet or calibrations neno for the
adings.

A R NI NO

a:

see the Application Data
proper span pot sett:rtgs arid

OFF and

new



SECTION 5 cont.

S. LAMP SIZE CHANGE

5.5 PROBE DISASSEBLY/ASSEMBLY

Turn
pane
d isa
V DC

the
1 to
S sen

fun
the

b 1 v

1 be

WhRNING

PAGE 5—4

'U

If different applications for the analyzer would require
different size 1aips, separate probes, each with its own eV
lamp, cust be used. A single readout asseibly will serve for
any of the probes. A change in probe will require resetting
the zero control and the span pot. Calibration should be
checked to verify proper operation.

of

ction switch
off positio
0th e r wise

present.

on the control
n before
high voltage of 1200



SECTION 5.5, PR0E DISASSEMBLY/ASSEMBLy cont.

screw at the
rigure 5—1).
in the other-
housing from

CAUTION

at the readou
removing the

o the handle (
nd and the pro

the end cap and t

t
exhaust
see
be shell
he lamp

Care nus
coes r.ot
:ghc so

t be taken
fall out
ure does

so that the ion charber
of the end cap or the
not fall out of the lamp

r.ousing

n the hand
out of the

Tap lightly on
end cap into the

the top.
hand.

Place one
slightly. The

hand over the top of th
ghc source will slide

e lamp housing and tilt
out of the housing.

Peassemb
the lamp hous
r'.ous:ng, maki
The :on chamb

le the probe by first si
ing. Place the ion cham
ng sure that
er fts only one way.

lamp back into
p of the lamp

gne

always use one
k the aperture (sc.all:
ion chamber and

or Teflon) to ensure
ection 7.

Place the end cap on top of the
two screws. Tighten the screws only

ion chamber and replace the
enough to sea], the 0—ring.

PAGE 5—5

Disconnect the probe
assembly. Disassemble the

cable connector
probe by first

base of the probe adjacent t
Grasp the end cap in one ha
gently pull to separate

the shell.
Hold

Loosen the
cap and io

the lamp housin
screws on the
n chamber from

g with the black end cap upright.
top of the end cap, separate the
the lamp and lamp housing.

end

Turn the end
The on chamber should fallcap over

The anplifer board can be removed from the lamp source
housing assembi (see Figure 5—2) by unsnapping the coaxial
connectors 31, and then removing the retaining screw. The
anpi:f:er board wil. then slide out of the housing assembl.

S

iding the
ber on to

the contacts are properly ali

If the ion chamber is to be replaced
identical to the one being removed. Chec
3.0 mm; large: 6.0 mm) at the top of the
materials of construction (gold—plated
proper replacement. See Parts List, S
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SECTION 3.5, PROBE DISASSEMBLY/ASSEMBLY cont.

CA U TIC h

Do not over—tighten these screws.

Ltne

housing
housing a

up the pins (pogo contacts) on
ith the pins inside the probe s
ssembly into the probe shell.

the base
hell. Ge

of the lamp
nUy slide the

CAUTION

DO OT FORCE the assembly into the shell.
It fts only one way.

Align the I
and reconnect wi
Check to ensure
depressed. The

2 pin probeth a twisci
the
lamp

high vo
should

ion ezcep

ltage mi
light i
t STANDEY.

5. READOUT DISAt!BLY/ASSZ:BLY

WARRING

Turn the f
panel to t
disassembi
1200 V DC

unction switch on the
he OFF position before
y. Otherwise, high
viii be present.

II

a. The control assembi
Board (PCB) and con
readout assembly by

y consisting of
trol panel can
the following

the Print
be separat
steps:

ed Circuit
ed from the

PAGE 5—8

The end cap should meet the probe shell evenly after final
If sot, the ion chamber may be insta]led wrong.assetibly.

If it
alignment.
Ref a st en

does not
Check to

the exhaust

reassemble
ensure pog
screw at t

readi 1
C cont
he bas

y, remove and check
acts are not bent.
e of the probe.

pin

turned to any posit

connector to the readout asseb.v
ng motion until a ciic: occurs.

croswitch is properly
f the function switc.

control

Disconnect the probe cable connect
jacks and cable or the plastic plug cap
the botton of the case and, holding the
remove the case (see Figure 5—3).

voltage of

ion. Remove
• Loosen th
instrument

recorder
e screw on
by the bezel,
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BATE RY
CHAPGER JACK

FiGURE 5•3
READOUT ASSEMBLY Page

ALARM PC BOARD

ALARM

AUDIBLE ALARM ASSEMBLY

BATTERY
BRAC KET

MOUNTING SCREWS (4
FOR POWER SUPPLY BOARD

1=;

L.

METER

POWER SUPPLY
BOARD

ACCESSORY
POWER JACK

BEZEL

MOUNTING BRACKET
FOR POWER SUPPLY

ATTACHMENT
NUTS (2) FOR

CONTROL ASSEMBLY

CONTROL
ASSEMBLY



SECTION 5.6, READOUT DISASSEMBLY/ASSEMBLY coot.

1) Separate the Molx connectors in the cables to the
control assembly.

2) Remove the two attachment nuts at the base of the
assembly.

3) Remove the two screws at the top of the power supply
board holding it to the assembly brackets.

4) Compress the brackets and slide the assembly thru
the bezel. Remove a third screw at the lower
corner of the board, if necessary.

b. The optional alarrt assembly can be separated as follows

1) Disconnect the cable (P6/36 of Figure i.—5)

2) Remove the two screws holding the alarm assembly to
the battery bracket

Reassembly is accomplished by reversing the above procedure.

NOTE: Be sure the function switch on the control panel is
in the OFF position before inserting the control
nodule into the case. If not., the fuse can be blown
or amage can result.

PAGE 5—10



a

6.1 INTRODUCTION

SECTION 6

TROUBLESHOOTING

The initial step
visual inspection to 1
connections, shorts, d

of any troubleshooting is
ook for possible loose or
ust or other obvious cond

a thorough
open

i ti ons.

Detailed troubleshooting for
is accomplished by steps outlined

Troubleshoot ing Data
Pad Data, Power Supply PCB
Pad Location, Power Supply PCB
Pin Data, Amplifier PCB. P2/J'_
Pin Data, Probe Cable, P31.33
Fin Data, Alarm Cable, P61.36

and correction
ng:

Disassembly
the equipment or

and reassembly as may be
replac:ng parts are desc

WARNING

required for checking
ribed in Chapter 6.

Turn the function switch on
panel to the OFF position be
dtsassemblv. Otherwise high
V DC will be present.

AR N INC

the control
fore
voltage

Do not observe the light source closer than
6 inches with unprotected eyes. When
necessary, observe only briefly. Continued
exposure to ultraviolet energy generated b
the light source can be harmful to eyesight.

Use great care when
with the readout as
due to the presence

WARNING

-S

cited in this
y, contact the
964—6690).

PAGE 6—1 —

section, the
HNU Service

—

—

fault location
in the followi

Table
Table
Figur
Table

6—1
6—2

e 6—1
6—3

Table 6L
Table 6—5

of 1200

operating the analyzer
sembly outside its case
of 1200 V DC.

If,
analyzer

after
is not

following the steps
functioning properl

Dept. for assistance. (Phone: (617)



TABII

TROUBLESROOTINC DATA

_::I it.,

Symptom Probable Cause Correcttve Action

1. Meter indicates
low battery

a. Blown fuse
(Fuse Fl. 2A,
5—3)

1) Check fuse.
for evidence
wiring, then

If blown, chec...
of shorts in
replace fuse.

and return
faulty, re
meter.

move
to zero.

place w),.t

freely
If

h new

d. Battery dead 1) Dsconne
check wj
Replace

ct battery and
th volt—ohmmeter.
if dead.

voltage
7 out or

I) Pecharg
meter w
in BATT

vol tag
and Ti
error,

e battery
ith funct
position

r is a
see Ta

• check
ion switch
to ensure

pera tin
ble :—i.

es (see Table —2
gure G—). If
replace power

supply assenblv.

1) Check high vol
on power suppi
22). If volta
correct, (see
replace power
board.

tage output
y board (pad
ge not
Table 6—2)
supply

PAGE 6—2

b. Bad connections 1) Check wiring connec-
tions. Resolder poor or
bad connections.

c. Broken meter 1) Tip instrument rapidly
movement from side to side. Meter

needle should

. Low battery

UV arp riotOU

the charge
properly (
BATI)

1) Check power supply

e. Battery charge low

a. Power supply
defective

a. High Voltage
interlock (Micro—
switch 52) at probe
cable connector on
readout assembly
not operating

b. High
suppi
faulty

1) Check b applying ressur
to switch plunger with
cable
screw
conne
to in
swi tc

place. Ad3ust t hin
on side of

ctor. if req
crease throw
h plunger.

cable
u i red
of



TABLE 6—1 cont.

c. Lamp not rakirig
proper connection
with high voltage

1) Remove
tighten
reinsta

lamp, clean and
contacts,

ii lamp.
contac ts.

d. Lamp faulty 1) Replace lamp.

b low
remo
use

danaEe
blades.
see Sect:on 5.3.

b. Fan connections
faulty

d. Fan voltage not
correct

requirec

1) Check fan volta
suppl board pa

prooe cable
C). If not cor
replace power s
board.

e (p
ds 19
p.ns

rect
upply

oct01

A and
irec.

2) If fan voltages
replace fan.

correct

5. Meter does not
respond

a. Dirty or open
probe connection

1) Clean and
resolder
probe.

tighten or
connections

b. Broken meter

c. Dirty or open
connections to meter

d. Low or dead battery

e. Blown fuse

I) See i—c—i above.

1) Clean and tighten
connections at meter.

1) See —c—l above.

1) See i—a—i above.

PACE 6—3

'.. Fan not running

D)

e. Short in high 1) Check wiring from power
voltage lines

.

supply board to probe
cable connector (J3 pin
to LV lamp contacts (Dl)
Remove any shorts.

a. Fan stuck 1) Disasseoble probe and
clean passages and fan by

ing out dust. To
ye larger particles
cotton swab, Q—tip or

equal. Use care to not
rpelior rotor or
For disassembly

c. Low or dead
bat tery

1) Check for wiring
connecz:ons at fan
and at probe cable
connector (33 pins
C). Eepa:r as requ

1) Check a:terv output
(power supply board,
pad 9). Recharge or
replace battery as

owe I

anc
A and

—



.:. O.L COflt.

6. Meter does not
return to zero
in STANDBY

a. Broken meter
movement

1) See 1—c—I above.

b. Dirty or open
connections to

c. Dirty or open
connections in

meter

probe

1) See 5—c—i above.

1) See 5—a—i above.

1) Rotate
(see F
L.6).
meter
pins
does
zero

zero
ig. 2—
Check

probe
Ba
not
adjust pot.

1) Rotate zero adjust
Check amplifier ou
at probe connector
H) or observe
voltage level
does not
amplifier

Clean ion
(see Secti
for return
STANDBY.

chamber.
on 5.2).
to zero

pot.
tput —

(.33 pir

Rec he'
in

2) Replace :on chamber.

eter readngs,
high or lo

a. Incorrect
calibration

1) Recalibrate (see Sec::on
3).

b. Lamp dirty

c. Contamination in
ion chamber.

d. Power supply board

1) C'.ean lanp (see Eec::on

1) Clean ion chamber.
(see Section 5.2)

1) Check power supply board
outputs (pads 17, 20 and
22 (Table 6—2). If volta
not correct, replace
power supply board.

e. Dirty or loose
connections

1) Clean
connec
board,
meter.

or tighten
tions at amplifier
probe cable, and

PAGE 6—4

adjust pot
1) (R50, Fig.
pot Output a
connector (J3

d. Zero adjust faulty

e. Amplifier faulty

f. Ion chamber shorted 1)

nd L). If voltai
var, replace

meter. If
on meter

respond, replace
board

faulty



-

TABLE 6—1 cant.

6. Meter erratic, a. Loose cable 1) Check cable connection
unstable or connection at control panel. Observe
non—repeatable meter. Tighten cable as

required

b. Dirty or loose 1) Check meter connections.
meter connections Clean and tighten as

required.

c. Contamination in 1) Clean ion chamber.
ion chamber (see Section 5.2).

d. Power supply board 1) See 7—d—1 above.
faulty

e. Unstable or noisy 1) Observe lamp. (Important—
lamp see ANING in Section

6.1). 11 operation not
steacv, replace lamp.

1. Function switch in 1) Unstable neter operation
high gain, most is common with function
sensitive postion switch in most sensitive

position. Turn switch to
less sensitive position
if desirable.

g. Fan not operating 1) Replace fan.
properly

h. Gas flow slow or 1) See —a-! above.
stopped

i. Meter contacts I) Clean and tighten
dirty or loose contacts.

Drifting rieter or a. Ion chanber 1) Clean ion cnarber.
apparert nois:re cor..taininated (see Secton .).
sens t 1 v 1 t v

PAGE 6—5
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TABLE 6—2

PAD DATA, POWER SUPPLY PCB

Pad Signal Voltage
No. Name (V DC)

1 Battery positive (+)
2 Ground 0
3 Battery charger (+) 0

Low Battery Indicator
5 Low Battery Indicator
6 Hi—Volt Relay Disconnect —12
7 Battery Charger (—) —11 tO 15
S Battery Negative (—•) 11 to —15
9 Battery Negatve (—) —11 to —15
10 Hi—volt Relay Disconnect 0 or —12
11 Amplifier Signal 0 to 5

12 Signal divider for span control
12
3r 0 I. ft I! 0

-4

1. 3
II If 0

16 II ft It ft ft ft

17 Ion Chamber accelerating voltage +180
IS Zero adjust voltage power 1.S to +21
19 Fan Motor —10.6 V nontnal

(see :oTE 2)
Amplifier Power .5 to —:0.5
ran Motor —i.5 nominal

(see Section ..S)
UV Lanp up to —1203

(see Section .E)
Output Signal to eter 0 to —5
Battery Check Voltage —11 to —1
Not lJsed

Signal Feedback C to —S
Ground 0
Ground C

Not Used
Ground 0

21 Ground C

32 Alarm set power +10
23 Alarm set power +7

NOTES: 1. For Pad location, see Figure 6—1.

2. Differential potential for fan motor between
pads 19 end 21 will be between 2.6 and 3.6 V DC.

PACE 6—6



PAD 22
UV LAMP VOLTAGE

-300 V WITH PROBE
CONNECTED

-1200 V WITH PROBE
D1SCONNECTED

PAD 17
DN CI-1AMBEP

.CCELERATfNG
VOLTAGE

6O.TO —B1

P E
B2.'TEPV vC•.TAGE

.-1 T —' V
PAD iE

ZERO ADjL P3VE
—16 ¶0

PAC 2CP':E

0

PADS2 - l2 LOWSIDE'
FAN MOTOR
26 TO 36 V

FIGURE 6-1
PAD LOCATION, POWER SUPPLY PCB Page 6-7

GAIN CDNTRCL 46
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TABLE 6—4

PIN DATA, PROBE CABLE. F31J3

— Pin Signal Name Voltage (V DC)

A Fan otor —14.5 nominal
(see NOTE)

B Zero Adjust varying
C Fan ?lotor —10.6 nominal

(see NOTE)

D UV Lamp up to —1200
(see Section 4.5)

Amplifier Signal 0 to —5.0

F Ground 0

H 5pan Control Setting varying

Ground 0

K Zero adjust Voltage +15 to +1
Zero Adjust varying
Ion ChanDer accelerating +JEO
vol tage

N A.plifier Power —9.5 to —12.5

c:: 2ifferent:al potential for fan rotor be:eer acs
and 'l will be between 2. and 2.6 V DC.

PACE 6—9



TABLE —5

PIN DATA, ALARM CABLE P'IJ6

Pin # Signal Name Voltage (V DC)

I Alarm set pot, high end +5.1

2 Alarn set power +7

3 Alann power 0 or —11 to —15

Alarn set O.O2 to +5.1

5 Alarm board power +10

5 Anp)fier power —. 5 to —10.5

Alarr set pot, low end

Ground 0

Arnpifer signal 0 to —5.0

PAGE 6—10



7.1 INTRODUCTION

SECTION 7

PARTS LISTS

This section lists and shows the location of all parts of
the Photoionization Analyzer subject to repair and replacement.
When order,ng parts. specify model and serial numbers as well as
part nunber. Return all defective warranty parts to HNU Systems
Inc. Obtain a Return Materials Authorization Number (RMA) from
Service Departnent.

a

PAGE 7—1—



TABLE 7—i
—— — — —

REPLACEMENT PARTS LIST

MODEL P1—101
(See Fig. 7—

1 2 3 5 6 7 8 9 10 11 1

Refer to Fig. No.

1)
2 13 1L 15 16 17

Assembly

2

3

A

)

100001.

1000kg

100107

I —0° 5

1—102

1—117

1—111

Probe Handle

Probe Sb

Exhaust

Fan/Ligh

95 eV Re

10.2 eV

11.7 eV

10.2 eV
( Spec if
fan exh

ampi

ion cha
a pert u r

ion cha
aper t U r

10008

100069

10000SA I

6

Part No.

1

79—AC eli Assembly

54—DA Screw

9—AC t Source Assembly

so—io placement Lamp

eo.-io Replacement Lamp

0—10 Replacement Lamp

80—10 Selected Lamp
y Appi.)

9—AB aust assembly

79—AB er board

79—AC nber assembly,
e (3.fl or)

79—ACI0000SA2 mber assemb1v.
e gold

79—AC10000SA3 ion chamber asse!b1.
aperture (6.0 mt.)

79—AC100005AA on chamber assemb1,
aperture gold

54—DA100053 9 End cap for probe

10 End cap screw

79—AA100II 11 Probe extension

79—PA 10010 12. 13, 14, 15 "0" ring kit

13—67—06J—14—I1P 16 ]2 pin connector

79—AB100I87AI 17
.

Probe cable v/connector
($5/ft. over 3')

SW..

Sr.

i.

PACE 7—2



TABLE 7—2

REPLACEMENT PARTS LIST

MODEL P1—101
(See Fig. 7—2)

1 2.3 4 5 6 7 8 9 10 11

Part No. Refer to Fig. No. Assembly

25—680—..32 I Front Meter Glass

2

5—DA1O12I6 3 Pot (spar)

.5—DAiCO29 Pot (zeroS)

9—ACIOC082 Power Supply Board
a

—'1DL— fuses, box of 12

7—AA1OOiI Battery

0

'C

I Grayhill s'itch

PACE 7—3



m

TABLE 7-3

REPLACEMENT PARTS LIST

MODEL P1101
(see Fig. 7—3)1235

Part No. Refer to Fig. No. Assembly

DE100017—1 1 Strap, neck

niooois—i Strap, waist

ACI00013—A1 3 Charger, battery: 15.O
VDC, 120 V AC, 1 pH
input

DCIO00..—i 1. Case, cover

2B10c050 Case, readout assenb1v

PAGE 7—4



TABLE 7—

PARTS LIST
ACCESSORIES

(No figure is provided for this list.)
— Part No. - Description

101—300 Portable Recorder
—. Has a 2" chart width with 2"Ihour chart

speed. Operates on 12 v DC power from
analyzer. Complete with multiconductor
interface cable for battery power and signal
and mounting bracket for attaching recorder
to side of analyzer.

101—301 Chart Paper
For portable recorder, 6 rolls.

AE1CO7 .ulticonductor Interface Cable
For recorder, contains leads for connectir.
recorder to analyzer. )Inciuded in part

— 101—3CO above)

201—350 Calibration Gas Cylinder
Contains 23 liters of span gas in air
(300 psi) sufficient for '.0—50 calibrations.
(4" diameter by 12" high).

101—351 Regulator
For use with calibration clioder. Model
101—350, complete with gauges for reading
both cylinder pressure and flow.

101—500 Cleaning Compound
For removing deposits from window of .5 or
10.2 eV lamp (not the 11. eV lamp.)

PACE 7—5
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A

BE$'11ND PANEL)

PARTS LOCATION, READOUT ASSEMBLY

5

4 (6E4-41N0 PANEL)

I.
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-' I_c
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FIGURE 7-2
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sEcTIo: 5
— APPtIX

-'I
This section contains the fo11o.ing ditiona1 ir.foration

pertinent to the Pt IC1 Analyzer.

Sectior Subjcct

8.1 Static Ca1ibraton

8.2 Calibration Checking vith Isobutylene

Clihrtion i,it Alternate Gas

nca1i'.rated Cpertio

:ozatior. Tbies

arrantv

.lications List

—

—s__ — •Iru. . —



SECTION cont.

3.l ST/,TIC CALIEflATION

kr,ot:n a.s static calibration

Th

it is desired to calibrate :ith a particular special mixture
rather than an available standard. The procedure is:

a. Select an inert container of
liter Teflon
h y d r o car b o n — f
The container
interaction w

kno:n volume, e.g.. a
by filling with
hausting three or four times.
should have rininal

to be used.

h. i1l the container ith hydrocarbon—free air between
d test with the analyzer.

container. Correct instrument response by subtracting
this background for accurate results.

t gas—c
the des
e sampl

1.euid at r
• 1 ul or 10
liquid into
o the ins±c
ets. A need
t if one is
cel..verv er

syringe (i
gas and in
cultions.
enpera cure
is used.
container.
the container
n the svr:ne

it should
are possihe.

a smaller

Touch the
to remove any
:s not

f. Connect t
there are
CAUTION:

he orobe inlet to the container making sure
no leaks.
Work in a hood if hazardous gases are used.

AR :I: G

to note
for pe

nal yzer
toxic

the toxic
rsonal saf
and must
or hazardo

PAGC'—2

levels
et. T
be used
us materials.

A technique is very useful when

bag
tee
an

ith

• a
ai
d fi
the

nd clean
r and ex
ttings
gas

sanpies an
times to d eternine the background

repeat several
level in the

C. !:ll a sr-all, :ner
(e.g., 1 cc) with
container. See th

i gh t
I red
e cal
oom tnate r i a 1

s •r: n e
volune 0
s vr in g e

residue
necessar
througho

ass/Teflon)
ccc into the
If the desired

ci)
the
of

le o
used
rors

LflJeCt a I:nown
is a

(e.:.
f the
t:p

croci
y, bu
cc or

C ont
the c

ea l
brc t

used

d. :1
Ste

C.i

acc

1 the
oper
11 ton
bre.

s cal

L'racy

be used

amer '.ith
ontaner
1 E(iC (1
o:neters nay
:or. method i

to reasure

a :novn voiue C
A large svr:nge, Sec

liters) is reccncndcd.
also be used.
s dirc:lv dcr'

f clean air and
h as the

The accuracy
encent on thc

everal
:s evap

net befo

e. s

conta 1
conpi e
not
nec

the species involved.

:r..tes until the
orated and mixed
re Proceed:ng.

he cor
e as phase.
rc complete

tely evaporate, t
be seen in th

essarv to ensu

gas :s ci1
Chech for

If the i.cc.
rect concer.tr

.'armir. thc
evaporatior..

n:xed or the
i.cuid :n the

d coes not
atior.s t1l
53 mar be

Be very careful
Explosive Limits
nondestructive a
calibrating with

and the Lover
he P1 )fl is a
in a hood when



7 sZCTI0: 2.1, STATIC CALIRATIo! cont.

ill rio
f1o I
ot eff

fron the
by hand in

t sep1e acr
s about 100
ect the read

c onta

ay be
055 a
— 200
ins.

the gas is well rixed and
2radients within the container.
uniforr reter reac:ngs.

ensure that
entration
be evident by

j. Adjust the SP control to
reading at a concentration
used

set the arial'zer
level near the

to be direct
range to be

L. Prepare or differen
calibra
concent
curve.
spot ch
measure
ac cepta
can be
clean a
than a
could
h 3 ii — u
esulti
copoun
r esu 1 ti

311ev i

t concen
tion gas and plot the it'.
ration in ppn (v/v) to o
Clean the container bet
ecking the calibration,
d concentration which ag
bie. Concentrations 1o:
preoared b dilutinE a 1
ir. oevcr, do not di].
factor of IC. A bias in
ndi cate t'rearation/conta
p" on the :alisof the Co

.n lorer readings. At
d v diffuse out or evap
ng in higher readings.
te this condition.

trations
strument
btain a
ween eec
two leve
ree to '
er tha
0C or
ut a
t
I
n

of the
re

cal
hp
Is
I th

n 100
200 p

C !iXtU
he alibr
ne effec
tamer at
1o: levcls

orate off t

r
C

adincs versus
ibration
oint. For
close to the
in re
ppt: of a ;;s

pm level
re by orc
ation curve
ts, such as

the
he i.'ails

Gentle heating should

. .L fl'Jas •.I_t

. Allow the analyzer
Conpression of the
since the analyzer
drop. The analyzer

t
C

w

o .saniple
ontainer

snail changes will n
flow should be constant.

i. Observe the readings

iner.
necessary
pressure
cc/mm and
However, the

during calibration to
there are no conc

1. Pecord
should
is 100
effect

the readin af
be stacie for
to ::: cc/in.
thc rcacirs.

ter a
up to

Lar

This will

iC seconds.
mutes since
1 uctuations

bout
2r

ge f

The reac
the flow
in fio: co

ing
rate
uld
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STATIC CALIATIO CALCLLATIONS

GAS SAPLIC BAG

Precision: +1—

Range: 20 pp to 1 percent (see NOTE 1)

Saople Calculations:

Gaseous sample: Assume O.1
chloride, is injected i
hydrocarbon—free air by
tren is:

:___::: X 10 E

vessel vo1ue (rl)

0.15 l
50c r.2.

!T pp

Assure icrcliters of a volat:le liquid suci
into the container and l liter

ydrocarbon—free air is added.
traton then Is:

vclte injected (ni) x density (g/al)
x molar volune (Ii :ers/nole)

x
-

noiecular eiht (g/mole) x volume of air (liters)

.0! 1 /nl x 21.0 liters/nole
1C li pp

: ;fnole x 1.5 liters
(see :-:OTE .)

'OTZ: 1. Larer tas and licuid svrines arc needed
the uer portion of this range.

for

!'ote the toxic levels and the Lower
Explosive Limits for personal se
P1 IC1 is a nondestructive analy
be used in a hood when calibrati
exic or hazardous ateriais.

fety. The
zer and must
ng with

2. The molar volume
atmosphere is 2.
for the actual c
high as 2O righ
crc made using t

of toluerie
.0. This V
onditions,
t be encoun
he standard

PAGE

rn of a pure gas, e.g., vinyl
nto the container with 1.5 liters of
the syringe. The concentration

Liculd

sy
Th

sample:
toluene

rinoc f-i
e cor.:en

is injected
lied wjth h

at 20 oC and one
clue must be corrected
otherwise errors as
tered. Corrections
zas laws.



— SECTION cont.

E.2 C.LlJATIo;; c}:c:I::c- I-IT! I5OBLTTYLE!E

:N •.:1 '1

ccentraton.
The regulator
a value preso
250 cc/pin.: i
conta:nazcc tu
tc not use :he
beiot that ieve

sets and controls
: at the factory.

the flo: rate of as
This pill be about

S r.c e

bration readint.
p512 as readings
fron the rated

ylinder :hcn cpt.

c. if the
anal y 2
:ntere

read:n is the
er cal:bratiori f
st is stIll correct.

. If the reading has changed, adjust the SPAN setting
until the reading is the sane.

e. Shut off
established.

the cylinder as soon as the reading is

f. .ecord
recall
soon a

and
brate
s possible.

Then
interest as

g. '.?henever
inediat
reading
checking

the analyzer is
ely checked with
recorded. This
in the field.

PAGE —5

The cal
the use of a
isobutylene

P.t the
desired gas
reasureocnt

Ibration
n sr
(H1'U pn
factory,
standard
is nace

of the analyzer can
all disposable cylind
1l—i5C) 'ith a r

the analyzer is

be rapidly checked by
er containing

at the specified
ith isobutylene.

etulotorfirst ca
c Ofl C Lilt

The ppi readir.'
sobutyler.e is recor

In service, the
adjusted if necess

f ol. 10'.• s

(HNU pn
librated
ration.

olonC .'ith th
ded in the cal
anal"zer call

arv b

r'1 ':'ç£ .JS.J Si •
on the
Then a

e span se
ibration
bration c

v using this cylin

tting using
report.
an be checked and
der and regulator as

a. Connect the analyzer c the reulator and cylinder
a short ptece (butt connection) of tubing as shown
igurc c• The calibration as in the cylinder

consists cf i:ture of isohutvlene and zero air.
Isobutv1.cr.e nontoxic and safe to use in confined
areas. There ore no listed erposure levels at any

'-'I t h
in

at

—

that

bing
c v 1 in
1 can

the tu
will ef
der bel
devia t

va 1
Sal

binc
fect
o: a
o up

be
the

bout
to

ue.
ely d1scarc
not rcf:i
Is oarsz

clean
call

1 rs
.1

the
2 . i S
t r e

dis
c y ii

a-: t

posable c
ncer.

b, 'th the
sane pos
or Cal:

a
r t Icr.

t e

o tra'sort refilled clinders.
Set tin2s
:O7ort
road in

and the fun
ted in the A

oen the v
is obta:nc

ction s.itch at
pplicari.on ata
olve on te cyl

the
Sheet

thesore as tr..e recorded data,
or the original species of

naintain this
the analyzer

new SPAN setting.
on the species of

recalibrated, it
the scall cylinder

is to
and

be
the

can then be used for later
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CYLINDER

BUTT

CONNECTION

VALVE

FIGURE 8•1
CALIBRATION CHECKING sET-UP

Page
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SECTION 8 cont.

8.3 CALIBRATION 'ITH ALTERNATE GAS
r• L

to be measured
to use an alter
not be as accu
In this case,
compensated fo
operation, the
being neasured.

standard
is not available or is
nate calibration gas.
rate as calibration wit
the expected reading f

r the difference betwee
meter will then give a

hazardous, it I
(Note : This te

h the species of
or calibration m
n the two gases.
direct reading of

s possible
chnique may
interest.)

uSt be
In
the gas

This calibration
(PS Photojonizacion

is illustrated in
Sensitivity. See

the following
Table 8—14)

examples:

a. Given a case in which:

1) The trace gas t
(PS 5.0)

2) The calibration
(PS = 7.0) at a

ing to be when calibratir.g to
when measuring Vinyl

The required reading for calibration will be:

PS( Isob)
:sobutylene ppm x

7.0

PS(Vin Chior)

* 100 x

5.0

140 ppI

N control so the
strument will then give

b. Given a case in which:

meter reads 1O ppm.
a direct reading of

1) The trac.,e gas to be measured is Benzene (PS — 10.0)

2) The calibration
(PS = 7.0) at a

3) What is the ppm reading to
give a direct reading when

be when calibrating to
measuring Benzene.

If a calibration with the same trace gas as that

o be measured is Vinyl Chloride

gas to be used is Isobutylene
100 ppm level

What is the ppm read
give a direct reading
Chlor.ce?

in this
iso b u t v 1 en e,

In operation

exanp]e, using a
adjust the SPA

, the in
the ppm of Vinyl Chloride.

calibration gas with 100 ppm of

gss to be used is Isobutylene
level of 100 ppm

PAGE 8—7



SECTION 8.3, CALiBRATION WITH ALTERNATE GAS cont.

375 The required reading for calibration will be

PS(Isob)
— Isobutylerte ppm x

PS(Benzene)

7.0
— 100 x

70.0 ppm

In this example, using a calibration gas with 100 ppm of
Isobutylene. adjust the SPAN control so the meter reads 70 ppm.
In operation, the instrument %.rill then give a direct reading of
the ppm of Eertzene.

c. Given a case in which:

1) The trace gas to be measured is H2S (PS 2.8)

) The level of H2S for which it is to be calibrated
is 60 ppm.

2) The calibration gas available is Isobutylene
= 7.0)

1.) \.hat ppm level of Isobutylene is required to permit
direct reading of H25, cal:brating at its 60 ppm
level.

The required Isobutylene level for calibration will be:

PS(H2S)
H2S ppm x

PS( Isob

2.8
• 60 x ——

7.0

• 24.0 ppm

In this example, using a calibration gas with 24.0 ppm of
isobutylene, adjust the SPAN control so the meter reads 60 ppm.
In operation, the instrument will then give a direct reading of
the ppm of H25.

Care is to be taken when working with flammable gas samples
to stay below the Lower Explosive Limit (LEL) and with hazardous
or toxic gases to stay below the Threshold Limit Value (TLV)
safe working level.

If difficulties are encountered in calibration, the user
should consult the local HNU representative.

PACE 8—8



SECTION 8 cont.

8.4 UNCALIBRATED OPERATiON

Actual ppm ppm read
PS (Cal gas)

1mg x
PS (Trace gas)

on sensitivity
ist of the re
specific gas
of this netho

of each of the two
Ia t j ye photoionization
es with which the
d is illustrated by

a. Instrument calibrated
and measuring Acetone

for Benzene
(PS 6.3)

10.0

(PS 10.0)

Actual ppm ppm reading x

ppm reading x 1.6

b. Instrument
(PS 5.0)

calibrated for Vinyl
and measuring Carbon

Chloride
Disulfide (PS

Actual ppm R ppm reading x
7.1

— ppm reading x 0.7

These values are valid only for
lamp. Different sensitivities occur
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with 9.5 and 11.7 eV lamps.

been Ca
can be
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Best operation of the analyzer is accompi
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becomes necessary to operate with a gas for wh

chart.
measured
benzene.

librated and reca).
made to the meter
e method is by use
It shows performa
by an instrument
This illustrate

ished by its
ses where it
ich it has not

correction

S

—

-p

0
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ing.
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curve
hal
eef
ecr

h
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ibra
read
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nce
wit

S th I
Thes u

g if t e I

e of the
s Propyl
on is ab
multiply

is not possible,

rt. Figure
s for various ga
0.2 eV lamp and
ect of the diffe
yes can be used
nstrumeflt is ca
gases shown.

ene and t

sensitivities of gases.
correcting a meter readin
benzene and
if the gas
then the a

A Sec
correct'.on

is measuring on
being measured i

ctual concentrati
ond method is to
factor as follows:

for
ses being
calibrated
rent
directly
librated
For exam

he reading is

for
for

pIe,
8 ppm.

out 20 ppm.
the meter reading by a

lfl which

PS is the photoionizati
gases. Table 5—14 gives a 1
sensitivjjes of a number of
analyzer tight be used. Use
the following examples:
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SECTION 8 cont.

8.5 Ionization Tables

Ionization potentials for various atoms, molecules, and
compounds are given in Tables 8—1 thru 8—13. Ionization
sensitivities and approximate span settings for 10.2 eV, 11.7
eV, and 9.5 eV lamps are given in Tables 8—14, 8—15, and 8—16
respectively.
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TABLE 8.1 TABLE 8.2

—
SOME ATOMS AND SIMPLE MOLECULES PARAFFINS AND CVCLOPARAFFJNS

IP(eV Molecu'e IPfeV)

— H 3 595 2 9.28 melane ¶2.98

C ¶1.264 HF 15.77 ernane 11.55

1454 HCI 12.74 DroDarle 11.07

0 13514 HEr 11.62 n-ular,e

s 5 ¶49 HI 10.38 .bularbe 10.57

S 0 357 so2 12.34 n-oentane 10.35

F ¶742 CO2 1379 Denrane 10.32

C ¶301 COS 11 18 2. 2Qmetrlytoropane 10.35

54 cs2 10.08 rI.rIexare 10.18

I o 45 2O ¶2.90 2-methyIoenia?e 10.12

15426 NO2 978 3•methyloentai,e 10.08

F'J2 15 580 03 1 2.B0 2. 2-dImetfyIDulare 10.06

02 12075 12.59 2. 3•OlmernylDulane 10,02

14 Cl
'

H2S 1046 neolane 10.08

CN 15 12 H2Se 988 2.2,4-trimethvIØetane 9.86

NO 9 25 H27e 9 ¶4 cyCIorooane 1006

CH 11 1 HCN 13.91 cyCI0DenIare 10.53

1215 C2N2 13.g cycIoexae 9.86

F2 t5 7 NH3 10 15 me1yIcyCI0nez3ne 965

C? 5 CH3 9840

B'2 IC 55 CN4 I 2.98

- __ p. .F,. —1_.



TABLE 8.3 TABLE 8.3 (continued)

ALKYL HALIDES

MoI•cul. IP (.V) Molecule IP (sV)

HCI 12.74 1-bromoDroDafle 10.15

Cl2 11 48 2-brornODroCafle 10.075

12.98 1 .3-dubfomoDrooane 10.07

relhyl cntortae 11.28 1-bromobulane 1013

OichlorometNafle 1.35 2-bromouTane 9.98

tncploromernane 11 42 1.br0mD-2-rne)flylproDane 10.09

telrac?Iorometr%ane 11 47 2.bromo-2.mefflyIDrOoa,,e 9.89

e!hyl chlOrOe 1398 1-bromoDentarle 1010

'.2.,chlcrOetflarTe 10.38

1-crIoroorooane 10.82 12 9.28

2-cPlloroDroDane 1078 mernyl Iothoe 9.54

I .2-ICPlIoroOroDane 10.87 cnoomelnane g.
1,3.thCptlororone 1085 etFivi .oØ'ae 9.33

1 -cflloroou!afle 1067 1 -oøoD'ODane 926

2-cPitorobutarle 1065 2.ocD0roDane 917

l-cFiioro.2-metPlyIDrooare 10 I ..OCcu1arle 921

2.crIo,o-2.meytorcoarle 10 2-oou1are 909

HBr 11 6.2 t.oc2-me!FiyIp'Oae 9 18

B'2 1055 2.oCo-2.r,elyl0r00arle 902

metny. Drom.ce TO 53 ¶•,oooe:arle 9 19

broomeIflafle 1049 157

lr,Domomernane 1051 F 1577

CPi2BrCI 1077 CFCI3 IreOfl I1 '1.77

CHB,2Ct 10.59 CF2C:2Freor 12J 12.31

etPlylbrOIrnde 10.29
.

CF3CI(r.oi" 13) 12.9)

1.l-ibromoetPlafl. 10.19 CMCJF2 fFteon 22 12.45

%-brOVflO.2chiorOethafle '0.63 CFBI3 10.67

FSE 9—14
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TABLE 8.3 (continued) TABLE 8.4

ALIPHATIC ALCOHOL ETHER, THIOL
AND SULFIDES

MoI.uI. (P (e MouI UP (.)

CF2Br2 1 07 P120 12.59

CH3CF2C, (Genetron 1) 11 neu'y aIo'oI 10.85

CFC,2F2C1 11 99 thyt a(cot'*oI 10.48

CF3CCI3 (Freon i 131 11 78 n-rooy aIcono 10.20

CFF4SfCH2Br 1075 ,-royI alCohol 10.16

CF2SSCH2BF 1083 ri-buty( alcohol 10.04

CF3CII2I dimethyl ether 10.00

r.-C3F71 1036 cethyl ether 9,53

r.C7CI12CI 11.54 ?OODYI ether 9.27

C3F7CPI2I 9 96 r.rooyl ether 9.20

H2S 10.46

rnernanern,oJ 9 440

ethaflIttlol 9.285

1 9.195

1-b.flane1hoI 914

Omernyl SUIhOC 8.685

ethyl mefly sultiOe 855

Cethyl Sltude 8430

C.-fl-DrOOyi suIhoe 8 30



TABLE 8.5 TABL.E8.6

AUPHATIC ALDEHYDES AND KETONES ALIPHATIC ACIDS AND ESTERS

Moluculs IF ISV) Mo.Cu. IP (iV)

CO2 1379 CO2 3•'9

formaiø.PyOe 10.87 tor,n,cacsd Ii 05

aCetaIoeriyae 10.21 acetic acid 10.37

DrcplortalaePlyO 9.98 prOpsOflic acid 10.24

n-bvrraldetiyOe 986 n-butyflc acid 10,15

e$ODQtyflC acid 10.02
'SObulyraloeflyde 9 74

n-vaeraia.flyde 9 8 fl-vaIetc $Ci3 10.12

iSovaleralOePiyde 97 m.tflyf lormare 10.815

acroIeri 10 '0 ernyt format. 10,61

ciotorialdehyOe 973 n-prooyl o,ma!e 10.54

berzaIdePiy0e 955 rtbutyt tormate 10,50

acetone 969 isODutyl formate 1046

metnyl et1yi ketone 953 metPiyl acetate 10.27

met?iyl npr.yl kefOr. 939 CIhyl acetate 10 11

mettlyl ..pryI kttofle 932 nDrODyi acetate 1034

0.5 t?IyI kC(one 932 ,SOOrOOyi acetate 9.99

metriyl n-butyi ketone 9.34 rt-bjtyl acetate 10.0

meUJ uIyi ielorle 9.30 .SODuIyI acetate 997

3 3.cimtri* butanone 9 17 sec'butvl acetate 991

2."..ptanor.e 933 metny proDonate 1015

cycl3oentanone 926 etnyl proponate 1000

cycioheanone 9 14 metnyl n-bulyrate 1007

2. 3DutarleOOfie 923 metryl isobutyrate 9.98

2. 4Ønt$fl5dne 8,87

PAGE B—ic



TABLE 8.7 TABLE 8.8

ALIPHATIC AMINES AND AMIDES OTHER ALIPHATIC MOLECULES WITH N ATOM

Mo.cule (P (IV) MoI.CuIe IP (.v)

Nl43 10.15 nitromethane 11.08

methyl amine 8.97 nitrOetllane 10.88

ethyl amine 8.86 1-nitrorooane 10.61

npropyi amine 878 2•nutropropane 10,71

DrODy1 amine 8.72

flbutyl amine 871 HCN 13.91

i-butyI amine 8.70 acetonutrice 12.22

Sbutyi amine 8 70 Dropionitrule 11.8'

t•bjjty' amine 864 ri-butyrOflitrule 11.57

ametrtyi amIne 8 2 acrylonutrile 10.91

oietnyt amine
3butene-nitrile 10.3

.n.DroDyi amine 784 etnyl nitrate 11.22

O-'orooyi amine 7 n-oropyl nitrate

• d-n-butyl amine 759 methyl thuoCyanale 10065

tr.metruyi amine 7.82 ethyl thuocyanale 989

triethyl amine 7.50 methyl uSotnioCyartate 9.25

tr.-n-oroOyi amine 7.23 ethyl isotniocyaflate 9'i4

formamie 10.25

acetamice 9 77

methyI acetamie 890

N P4-imetnyi to'mamiOe 9 12

N N-C.mCtflyl aetamice 6.81

— N N-duetriyl lomiamuQe 8.89

N NC.Ctflyi a;etamioe 860

P.-.GE 8—17



TABLEB.9 TABLES.10

OLEFINS, CYCLO-OLEFNS, SOME DERIVATIVES OF OL.EFINS
ACETYLENES

MoICuIe (P (*V MoleeWe (P cv)

etPyieie 10515 Vifly( ChIOrId 9.995

oroene 9 73 c,s-thchtoroethyene 965

I -buler* 9 58 trans•dicPuorOethylene 9.66

2methyDroDene 9 23 trichioroethylene 945

ras-2-ou,ene g ' .

tetracnloroethylene 9.32

C,s2butene 9 13 vny brome 9.80

1.Oentene 953 1 2-dbromQehyiene 945

2-me yl-butene 9 '2 trrbrOmoe!hylene 927

3•metny-t.Outene 951 J-chlOrOOrcDene 10.04

3•metnyl.2.butene 8 67
-

2.3.thchlorocrooene 982

1-hen 9 6 '-bromooroperle 9.30

1 3DutaO,ene 9 3-bmoorooere 9 7

isoprefle B 845 CF3C=CCl:F3 1036

YCIOO1Iehf 901 r-C5FnCF=C2 1348

cyCtOfletee S 95 aCOe" 10 13

4.meTriyicycIQr,ezei.ie 6 rOIae!lpe 9 73

4.nytyiQrieJerie 893 miIyl ooe 908

cyCiooctaIetraene 99 flyl methyl etner S 93

lCelyIene 11 41 aivi alcOhol 967

propyne 103€ "y acetate 9 19

t-uTyne 1O1E

PAGE 1E



TABLE 8.11 TABLE 8.12

HETEROCYCLIC MOLECULES AROMATIC COMPOUNDS

Molecule IP(CV) MocuI. IP(V)

uran 8 89 benzene 9.245

2methyt luran 39 toluene 8.82

2IuraIdetyde 921 enyi beflzene 5.76

'etraPyoroturan 954 rl-oroyI Oenzene 872

34 .-OrOpyI benZere 869

IeravroDyran 925 nuty benzere 8.69

1roonene 8662 SDutyI befZIe 868

— 2c,o'otnorene s t•Dutyl beflzene 8.66

DfomOrno0ene S €2 yIene 5.56

pyrrole 6 20 myIee 8.56

yrsdne 9 32 *yee 8 445

2otcOftne 902 . me5tyIefle 840

3ø'cone oljrene 5025

acohn g 5yen 647

2.3Iuttøne S 85 (nt?WI sTyfene 635

S 5- eTnynyIDer:ene 8815

2 61uh0ne 665 naDTnaene 8 12

1.meylnacaiee 769

2-me1nytraoIPaIene 7 955

e'yI 8 27

Dflenoi 850

3riSoue 522

pheneole 5 13

benZaIø*flyOe 9.53

acetoDP*rione 9.27

benZeneth.o 8.33

Dh*flYl usøCyaflale .71

PE —!



TABLE 8.12(continued) TABLE 8.13

MISCELLANEOUS MOLECULES

Mol.cule lP(eVl Molecule IP(.V)

Qhenyt ISOtrOCyafl1te 8 520 ethylene oxide 10.565

DerzonItr,le 9 705 oroylene oxide 10.22

ruIroDenzefl 9.92 DdiOurle 9.13

aniliIe 7 70 melfloxymethane 10.00

thethoxyrnetrane 9.70
fLuoro.oenzene 9 195

1.1 -dmelrlOxyethane 9.65CnIOrOenZene 907

brOmobenene 9 99 oroosotactone 970

loc&oenzene 6 73 mernyt usufsOe 8 46

9 07 erny GisuUe 8.27

m-Oicrllorooenzene 9 12 CeIrlyl luIlute 9.58

IPII0I3cCIIC aciø 10.00oacrooDenzene 5 94

I .cnIoro.2.fucroene 9 , 55 acery cro,Ce II 02

1-CnIoro.3.lluoroDenzene 921 aCety' bromae 1055

1 -omo4•tIuoroezene 899 cyCiC6i I CF3 1046

O.IuOOtOIuer1e B 915 n.C37iCI..l3ICQ 1056

mlIuOrOtQluene 8 9 S cnIoroytstae 0

p.liu0fotouene 8785 IC25,3N II 7

o.cIorolOhIefle 8 83

OOUC 8 63 onos9e'e

ocrtootoiuere 8 70

O-rCmO1OlueIe 9 79

m-brOff%OtOIuene S 51

0fCmlOlufle 857

0.000toluelle 862

r.iodOtOluefle 8.61

D.iodotoauvIe 8.50

benZotf%fluoflO* 9.68

O.ltuOfOOhflOl 8.66

Fice C—0



a

TABLE S—14

RELATIVE PHOTOIONIZATIONT SENSITIVITIES OF
VAJIO1JS GASES TO A 10.2 eV LA1P

Span Control Setting
Photoonizaticn for Direct reading

Gas Sensitivity (see Note 1) (aDproxiiate)

p—xvlene 11.4

i—xy1ene 11.2

bcnzene 10.0 (reference standard)

toluene 10.0

ietv1 suif:de 10.0

diethyl an.re

stvrenc 9.7

t r c lo r o e t . : I en e

carbon ..sulfide 7.1

iscbut1éne 7.0

ace..one

tetrahydrofran

methrl ethyl ketor.e 5.7

methyl isobutyl ketone 5.7

cTclohexanone 5.1

naptha (85 aromatics) 5.0

vinyl chloride 5.0 4.3

methyl isocyanate

iodine 4.5

rnethyl mercaptan 4.3

PACE —2l



TABLE s—iL cont.

diethl sulfide 4.3

allyl alcohol 4.2

propylene 14.0

nineral spirits 4.0

2. 3—dichloropropenc 4.0

z'loexene

C ro ton a 1 d e h e

aro1er 2.1

'?t'l et1ocr1Qt

p rid . n e

hYdrogen sulfide

ethylene dibro,.de 2.7

n—octane

acct3ldehyde oxne

hexane

hosphine 2.0

heptane

allvl ch1ore 1.5

(2—chioropropene)

ethylene 1.0

isopropanol 1.0 0.1

ethylene oxide 1.0

acetic anhydride 1.0

alpha pinene 0. #

dibrooch1oropropane 0.7

PAGZ '—22
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— TABLE 5—14 cont.

epichlorohvdrir. 0.7

nitric oxide

beta pinene

citral 0.5

anorua 0.3

acetIc acid C'.l

ritroen dioxxe 0.0

cthane

acet'lene 0.0

::0T 1: r: reain ihen —casur.ng 1'.0 of
part:cular as :ith roritor calibrated for
bQnzene.

—

-a
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TABLE !—15

flL.TI\'E P1OTOIOIZATION s::ITIvITIs o
VAIOtJS GASS TO A 11.7 eV LP

SDan Control
i'hotoionization ensitivit'.' Setting for

irect Direct
Gas (See note 1) Rcadin
(Arox.) (Approx.)

Carbon Csu1.i 33.

Eeptne 22.1
'.e3ne
er.:ane
I.: DicrIoroe:2re

a

cbutv1r.e i• (referencc tc.)
Tolucne IC.C
::et•1 C1or.e
::e.' lene Ci-. 1 o:ce
Lu Trico—oea
Carbon Tetracn1ore
:-•1cr. c-:r::e

C1orofor
.1. TetaL1o-oethane
cecne 5.7
cpre
Ac:-oiein :.!

r

Ithanol
ct.ia,o1
i.:,: Trif1uoroetanc
Acetonitrile

OT! 1: ?? readir. hen resuring 10.0 pp of
particular ;as ith monitor calibrated for benzene.

PAGE —
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TABLE

!ELATIVE P:OTOIO::IZATIO! SE:StTIVITIZS

OF VIOUS GASES TO . eV LAt?

I'hotcionization Sensitivity Span Control
Scttin for

Direct Direct
Gas (See Jote 1) Reain
(Approx.) (Apro.)

Yvlere ii.:

:en:e.e ..J (ferer.ce Etc.)

7o1uee -

Fhcol 7.7

I n

—

.cctore

::eth1 etcr.'i3te ( ..-.

epta <T.

p.

—

— Pcntane

Corercial products •containin turitie; res'pon3e for pure
riatcrials is probably less.

?P reading :hcn easurin 1O. ppr o
particular gas rith monitor calibrated for tnzcn.

PAGE



SECTION 8 cortt

8.7 ARRANTY
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THE FOREGOING :s THE SOLE EXTENT OF HNUS WARRANTY AND NO
STATEMENTS OR LAPRANTIES, EXPRESSED OR IMPLIED, SHALL BE
HONORED. UNDER NO CIRCUMSTANCES SHALL HNU BE SUBJECT TO ANY
LIABILITY FOR SPECIAL. INCIDENTAL OR CONSEQUENTIAL DAMAGES.
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SECTION 8 cont.

8.8 Publications on Photojonization Available from HNU Systems, Inc.

101—12 Instrumentation for "On Site" Sur
of Hazardous Waste.
J.N. Driscoll and G.F. Hewitt,
Industrial Hygiene News, May 192

101—17 Instrunent Calibration with Toxic and Hazardous
er a a is

J.R. Eecker, J.N. Driscoll, ID. Renaud, • Tiffany,
C. Sylvia,
Industrial Hygiene News, July 195.

PACE 8—27

101—10 Industrial }lygie
Selectivity
,.J.N. Drisco
American La

ne Monitoring With A Variable
Photoionization Analyzer.
11 and J.H. Becker,
boratory, November 1979.

vey and Identification
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Immunoassay Analytical Techniques
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OHM1CRON Product Profile

General Description

Volatile organic compounds (VOCs),
such as benzene, toluene, ethylbenzene
and xylene (BTEX), are principal pollutants
n petroleum contaminated sites. The
adverse effects of VOCs vary widely
aepending on the compound, or mixture of
compounds, their concentrations and
exposure rates. Benzene has been shown
to be a multiorgan carcinogen, a human
:eukemogen, a rnutagen and a neurotoxin.
Other BTEX components have these
effects to varying degrees.

Petroleum-derived fuels, such as
gasoline, jet fuel, diesel fuel and kerosene,

— are complex mixtures of organic com-
pounds, predominantly hydrocarbons. Their
compositions vary depending on the source
of the crude oil and the refining process. As

— a result of their widespread use, VOCs are
-e most prevalent chemicals at contami-
nated sites across the United States and
acroad. Contamination of soil and ground-

— water by refined petroleum products occurs
Irequently during their transport, processing
and storage. A General Accounting Office
survey identified one of the most prevalent
sources of groundwater contamination as
leaking underground storage tanks.

Soil and groundwater contamination by
one or more VOCs are the primary focus of
rriajor characterizations, assessments and
'emedial actions for petroleum contami-
nated sites.

The RaPID Assay kit for Total BTEX
offers a rapid, field-portable and cost-
effective method of determining light fuel
concentrations. Fuels or solvents contain-
ing BTEX or closely related aromatics can

— be detected using this kit. Gasoline, diesel
fuel, kerosene, fuel oil and jet fuels can be
detected at levels consistent with state and
federal clean-up standards. The specificity
and sensitivity of the test offer key advan-
tages over current field methods and costs
and time savings over laboratory methods.

The Total BTEX RaPID Assay applies
the principles of enzyme linked immunosor-
bent assay (ELISA) to the determination of
Total BTEX and closely related compounds.
ELISAs use selective antibodies attached
to solid supports in combination with
sensitive enzyme reactions. The immuno-
chemical reaction provides high selectivity
for light aromatics due to the extraordinary
discriminatory capabilities of antibodies.
The powerful catalytic ability of the enzyme
provides highly sensitive detection.

375
Total BTEX RaPID Assay®

363

Features

Rapid — 50 results in less than 60 minutes after sample
preparation.

Precise — %CV 17% at 1 ppm in soil.
%CV 12% at 10 ppm in soil.

Accurate — highly selective immunochemical method.

Etficiént — rapid results can cut costs by allowing better
personnel and equipment utilization.

Sensitive — least detectable dose is 0.02 ppm as Total BTEX
Standard (90% B/Bo) in water.

Test Range — water: 0.02 to 3.0 ppm as Total BTEX Standard
soil: 0.2 to 30 ppm.



— Total BTEX RaPID Assay® — Assay Protocol

. t 9.,

—

—

decant and wash.

1. Add 200 .tL of prepared

zyme conjugate, and

sample, 200 iii en-

500 .tL antibody
coupled magnetic
particles.

2. Incubate for 15

minutes.

3. Using the RaPID

magnetic separator,

é

I

4. Add 500 tL color
solution. Vortex. minutes. Blue read color at 450 nm.

5. Incubate 20 6. Stop the reaction and

Blue Yellow

color develops. Solution turns yellow.

Performance . Results

Specificity
The Total BTEX RaPID Assay has an

estimated minimum detectable concen-
tration, based on a 90% B/Bo, of 0.02
ppm Total BTEX.

The cross reactivity of the Total
— BTEX RaPID Assay for various petro-

leurrt hydrocarbons can be expressed as
the least detectable dose (WD) which is
estimated at 90% B/Bo, or as the con-
centration (lC) estimated at 50% BiBo.

LOD IC
Compound (ppm) (pprTl)

Total BTEX 0.02 0.65
m-Xylene 0.03 1.80
p-Xylene 013 3.10
o.Xylene 0.22 4.70
Ethylbenzene 0.24 7.80
Toluene 0.44 7.40
Benzene 0.59 51.0
Naphthalene 0.03 0.59
1 .2,4-Tnmethylbenzene 0.04 1.15
Anthracene 0.06 2.60
Styrene 0.07 28.0
Hexachlorobeflzefle 0.08 NP
Phenanthrene 0,08 1.60

. Creosote 0.10 4.78
1.3,5-Tnrnethylbenzene 0,14 . 3.50
Acenapthene 0.17 6.20
n-Propylbenzene 0,27 4.70
n-Hexane 6.30 NP
n-Octane 3.40 NR
n-Nonane 4.40 NR

ri.Heptane 2.35 72
CyclOchexarie 8.30 NP
n-Decane 13.5 NP
Methylene Chloride NP NA

Truchioroethylene NP NP
Gasoline 0.43 42.1
MineraiSpirits 1.12 24.9
Diesel 1.29 16.2
Kerosene 1.50 24.0
Jet A-Fuel 2.70 33.5
household LubriCant 15.8 NP

Total BTEX is defined as equivalent parts of
benzene. toluene. etliylbenzene and m-. a- and p-
xylene (i.e. I ppm Total BTEX is composed of I
ppm each of benzene, toluene. ethyl benzene
and rm. 0- and p.xylene.) Alternatively. Results
can be expressed as the sum of the components
by multiplying the repeated value by 6.
NP - nonreactive up 10 100 ppm. -

Recovery
Four (4) drinking and well water

samples were spiked with various
levels of Total BTEX
using the Total BTEX
The following results

Amount of Recovery
Total BTEX Mean S.D.
Added (ppm) (ppm) (ppm)

Replicates 10
Mean ppm) 0.94 0.2
% CV 17.0 12.0

When using the RPA-l RaPID
AnalyzerTM, results are reported in
ppm Total BTEX. If read in a standard
spectrophotometer, results from the
calibrators are plotted on graph paper
and used to determine final results. It
is recommended that a control be
included in each run. A positive control
(2.1 ppm) is supplied with the Total
BTEX RaPID Assay kit.

As with any analytical technique
(GC, HPLC, etc.) results requiring
some action should be confirmed by
an alternative technology.

Ordering Information

Total BTEX Products

RaPID Assay kit, 30 and 100 tubes
Sample Diluent, 100 mL
Proficiency Samples
Sample Extraction kit, 20 tests
Total BTEX Soil System, 20 tests
Total BTEX Soil System, 80 Tests

For ordering or technical
assistance contact:

Sales Department
Ohmicron Environmental Diagnostics. Inc.

1-800-544-8881
(215) 860-5115

Fax (215) 860-5213

and then assayed
RaPID Assay.
were obtained:

0.15 0.13 0.02 88
0.50 0.52 0.07 105
1.00 1.12 0.13 112
1.50 1.67 0.19 111

Average 104

Precision
The following results were obtained

in water:

Control 1 2 3 4

Replicates 5 5 5 5
Days 5 5 5 5
n 25 25 25 25
Mean (fn) 0.10 0.51 1.82 2.30
% CV 24.3 17.1 12.6 17.3
% CVb 9.6 4.4 4.8 18.5

(within assay)
(between assay)

The tollowing results were obtained
in soil:

Control 1 2

10
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Total BTEX

Sample Extraction Kit
• Intended Use

For use is conjunction with RaPID Proptm Soil Collection 1(11 and thu

Tots STEX RaPID Assay® Kit for daturrnesalsen of petroletan

hydrocarbons (cmnnsonly roland to asBTEX bensesi,
at hytanianu, tokrnw and sylerses) in soil.

• Principle

bans... lob... athytbanrar. and syleass (flEx) ate part of a
breadclass of volatile organic compounds IVOC'sl commonly found
in ftsslt Asa result of theE widespread and intunsin usage, they
we rang the most prevalent chemicals as contaminated silas
acleas the Undid Stats. and abroad.

The sasgento contend in the RaPID Prep Total BTEX Sample
Extraction Kit have bean apt istuzad far fast, aft idlenl tensoval of

patralasan hydrocarbons from soil and consesoint pneparattoa of the
s.tsple for intenimoatsay at levels of interest to the investigator
The system eltows for raliabla. csnvenist and cost effactiva
detenninailons at the field tasting or ramadiation sits.

• Description of Contents

1. BTEX Extraction Sotution
Culcian chtonde in 75% methanol

par kit: 20 bottles containsng ID ml each
2. BTEX Extract Diluant

Suffered sali, solution containing plesarvativas and stabilizers
without any detectable BTEX.

parbit: 2Oviaiscontainlng4.SmLaacts
3. FIn hundred microhter pracisian pipes.
4. Pipattips

perklt: 21 dIsposable plastic tips
5. C halt of custody contairar labels.

par bit: 3D labels for dilant visit

•Reagent Storage and Stability

Store all reagents and coinpouwnls in a dry wall vantdatad area at

230°C. Reagents may he usad will she expiration dale shown on

theSis.

Consult local. state and tederal regulations for proper disposal of all

magenta.

• Materials Not Provided

In addition to the niaturials provided, the fotowing items will be

uwuwasary (or the partonssana if the procaduse:

• RaPID Pup Soil Collection Kit
• alopwatch or dock with escond hand

a parinaewnf marking pets

• protective gloves
• dijtal balance (optional, available front Olseticronl

• Sample Information

Ac$ttion of soil samples should be dons with ax kttle disruption as

posatole during collection and handling to minanite loss of the

voletU csnsposmds.

It S tacanmanded that estractad soil samples be stored cold and
analyxad within 48 hours. Extracted samples should he diluted

itissadiatafy prior to evaluation in the Total BTEX RaPID Assay.

This bit was valldatad for use with sail tanples. Other types of

sample mitts and solid wastes may ueqsie different procedures
to estract patraletan hydrocarbons.

• Procedural Notes and Precautions

IMPORTANT: Open flEX Extract Diueat bottles carefully. They
han bean avarfillud tealinsinaon aa macla fit. a, apma as possible
after addition ef 500401 sample astract.

Do aol usa assyveagens beyond its stated shelf Ma.

Avoid contact of estraction s*tion (75% mis knoll with skin arid
mucous mambranes. If this reagent cans in contact with skin
wash with water.

The five hundred mictoilter pipet in caassiduied disposable and

should be discurdud after the kit raageruts am depleted.

TI. accuracy of fitS results .111 depend in pars en the cam tales
in pigartisip the soil extract into the asset.

• Limitations

The Total 8TEX RaPID Assay S sensitive to most wnall arwssatt

hydrocarbons found in fuels. Refar so she Specificity table inst.
Total STEX RaPID Assay pachaga insert for data ass individual

compounds as wel as cannon mixtures, e.g. gasoline.
The Total BTEX Sample Estraction Kit, when used in conpascleon
with RaPID Prep Soil Collection Kit and she Total BTEX RaPID

Assay, wit provide sctaentsg results. Results sewiisg wise acsssn
should be confirmed by a nsn.inusunological moshod.

• ExtractionlFiltration Procedure

Read she Procedural Notes and Pracautuons and the RaPID Prep SN
Collection kit package insert before procaabesg Vufloess sad

sampling options ate prasantad in the Soil Cobectwe Ks package
insert.

1. Write sample inf tntsatsos a the lebele presided I. sad
collection devica, extract collection ends ad flEX tstroct OSs
vials. Apply labels to appropr'sata vessels.

2. .f.aep#ua Remove the screw cap frwa she end cabclw ad
collect soil by vslsane or by weighs as laden

2.1 tyrolsraorwiththe plungerfuIydepessedPdtatS
sop of the tubal, pack sod into the opeea.ael the cadects IS
Unscrew she plunger rod Irons its plunger by tw the

cowsterclockwsso. Level the soil ftuslu walk sap at the cScse
tube usssg the plunger rod. Usmg the ban paris ad she'.
push the aol swsple ad the plunger teSt. betta.

2.2 lysa'e4Ifgui,diiira/h/gsa:
Option I. Ramoee screw cap. Tare the sod codeclar with its

plssnger rod. Collect the soil 8y volsssw.' level a aft and push the
soil ad pisangar to the bottom at the tsisu. Reattack phisgar rod
and weigh the tube cons sirIng she soil Sutstreci ersgsnsal weight

from final weight Is deterrniw soil wapIti. Record she weight of
the soil.

Option 2. Remove the screw cap ad plunger rod front an empty
collection tube. Position the plunger at the bottom af the collection
tuba. Attach the red baa pica provided and pin the tube in an
upright position on the balance arid sate weight. Weigh 10 0.1
gram of sslt into the tube. Racord the soil weight.

3. Lrf action

3.1 Position the soil collection tube containing a soil swssple upright

in the Styrofoam rack.
3.2 Poti the contents of or. vial ii BTX Estrectioos Solution into
the callectet Screw the cap fwithout filter) on tightly end maka
sure that the bar caps second.
3.4 Shake for 80 seconds.
3.5 Position the collection tuhe upright in the rack end allow she
mutate to settle 1 minute.



— 4. uili,pitu

4,1 R.movi It. screw caparid stuck Ifs (list cap. Hand tighten
wild ,uàtanm lilt.

— 4.2 Attachthe piwiper rid tithe phaipr of II. s.d caketor.
4.3 9a.m. ii. km cap stdmwzt ii. sad calictor en that lbs
kmcam is positiansd over sc*ctie vial.. Ksop myriad lii a
few seciods Ii wet II.fIt., d te akw It. filtrate is drip
ttwouqh the filer Its lb.bar cane.— 4.4 Apply sight prism tithe phmsgsr horak. Ti. lInt. arm
Np.' Is flew mi. kly an pith pumn I cuntleusmly
upphed.

4.5 FtheviaIwithstlut30dripafl.5mLofth,fd*ritsf. Cap
— theviaL

This .oosmt if flints us auffcisisl I. pert mm ispicats analyme

withRaPlO Assaykits. ThevI1whold.pIs5mLsffiluatsl
.dditional hind vobais , dsswit Tlis flInt. cunuabaig BTEX
it stahl when stared ii liii extract cidecirs. vial si 4°C fir 48

• Dilution Procedure

— Using the pipes presided, carhiSy lranshr 500 sL of liiiextract
Iiictly itt., vial of STEX Extract Dimarml 14.5 rnU. Mu by

Isp are nil I loss.

This mull., cannow be misanif as ,unpI accavdhi to the
pactsgs marl of the Toiui BTEX RaPID Assay (Total ETEX RaPID

Autsy kit piciduns step 13). It n,c.uun.ndsd dsst ii. suispil
he aulyst wilhin 30 mlxiii of dilution.

— • Calculation of Results

—

Calculate II. latil ETEX concsnin,tuon us sail by multçlyiag It.
RaPID Assay uisult by tim (eclais mtroducsd by the precidun.

IaPWAZIIyreIUh voLEslracI.ntbnU thivtrnnfactar

— stifsadl.g)

RaPID Assey,uult (prilt) x 10 ' 1D —
— Vtlsfsad(gI

Total BTEX soil concentration (ppml

— NOTE:

driuliwi fitiii — v.1, nlraci hilt , .dibauit biU

• Range of Detection

When this extractisrdiu1ion pocudu., is ussd in tOniulIttiolt with
I sPID Prep Soil Cofincisoli kit aid the Totsl BTEX RaPID Assey kit.

Ii. rings it dsI.ctiaii us soil ii 0.90 ppm 1.30.0 ppm Total 8TEX.

— For s.upls with sxpectsd cancirnnaluoris pustar than the highest
srsndm'd. II. dilutedexlnacl ,hoiildbe further diluted wrthiT(X
liPID Assay DluanIlZ,ra Standard before lestmg. A diicvuien of

dilution Warn., far opTiul luerpretation slither putrehun
— Iidrocarbiun ml concantrit sits is given m the RaPWAssapiS'

Envi rnnvnrd Us.,': Gilds evailabi Isa. II. Olsmicren Tecbsal

Sirvicu O.pztmenl.

kiunimnossey result that are shiv, en below lbs limIt if II.
RaPID Assay kit standard cm,iri c.nsid.red esibuated
cemintrations. Extrapolated usr,r cuncantreiiwiz slwsdd never
N mulliplid by It. dimiwn factor end reported as, sod Total
BTEX cascenlrasims.

knesnung resilts
TI. Total hEX Simple Extraction kit can be utiz,d ass
.aeis.g test for a sod conl.umaiuen lvii if bestial.
hiiuiumsssiay results iii all analytical results posass an Swami of
vaflakility which us tarn mips.s e csnfidsnca miervel vassal the

result. WI.. the msthsd vedwuc. us cliaractsruzad with a55. .psiits

stuNs. a mciii swig cutoff canuSiltratme fir acalbig positive and

uspativi results can be cli.,,. and the caitufidenc. misryal mmmd
that cutoff cmi be d.t.msiwd Oats dianacterimig Ii. method
vultumi can I. translated m films if animal it atislical
prebebills and the utity ifs iticlad cutifI C ic,ntretuon cat
be sstmiai.d. The f*wmg tahi shows lbs frsqwncy of putty
end ragssrve results tsr a sclisrumq scheons at up ala 0.9 ppm

cutoff a unsisa that Is. than 5% false nieptives w hi mien at e
detection level of 1.4 ppm Total BIEX it saE

1.4 (detectian lvii)
1.5
1.5

(stmi,I.d Ret, if Estuneted Rite of

Positive Reiiiltsf%) Negative Results I%I

<0.1 >90.9
7.5 92.4

Smiler e,taiates ciii he made 1st Wudividujal arwualuc hyiocaqbsns
en halo if or site ctiaractsrtzatuoit snidelenumalian of action
lviii. Ilue R.PWAssay EswiaiuinaptdUs,,': Grids pcavehs
,ddltionil mionnutian separding uldity of the met hod isa stressing

• Expected Results

Ins study wish 30 sanples spikid with gase4uw.. kerosene, JelA
fuel arid ToteS B1EX. the RaPID Prep Total BIEX Simple

Extraction kit results were sliowus to agsis well with result,

obta.d by EPA Method 8020 iv delemtmrng ii. pniminca end
degree if costlunatSon.

R,cov,rus ef petrolsun hydrsc.rbons *11 vary dspsn&tg an sod
type. sanpi fondling arid codectmn, solvent s.d ext radian

apparatus used, and lviii of patios laity mleriarung siliatancu ii
the ao

Two soils of II. louis end loamy sand type were fanilild with
Total BTEX to final sail concinlralionus ofo.25.0.50, 1.25, 2.50.
5.0.1.5. end 10 ppm. All sails were then subctsd Is the ebuvi

sstnactionlthlutici proceduse. Aviragu sicoviry of added Total

BTEX wet 113%. Results ranged fruit 104 to 120%.

Soil CounsrnInants
Suns contaminants found it sails that also contain ETEX can

mlsrfeni with the .sualysis and caus, liii. positives, false
negatives or bath when the campound ii pliant at sivated
concantratpons. luitsrleiincas were assessed by sdding mcreasmg

canciuitr,lions of sims ,ilvanl coniunmants to blank end Total

BTEX spied ,.hi prior tilt. ezuiction pnocaduni. Its
caicantraluen of cimpaunds titian below produced r.o evidence of

mlarf.ranc. is positive an migstivs dsactuonu III. detection
range if II. prucadwe described shove.

csuicantraiuse meal

soil conrunmacit praixlg ito unt,rfsmnc,

If sdditional ddutusiis if the sail extract are midst. delsct sad
Total STEX caiucsntratlons puatar than 30 ppm, these
hit.rfesamicss ma diniahbsd a dud praportuen tithe ltun
Ista.

ITEX Specificity
The Total BTEX RaPID Ausy kit has bees calibratad tea mixtwu

if equal parts ii Narita. tobana, ethylisarse. and zylost Is. I
p,n Total BIEX us cunpesed sf1 pp.sack if bemios. tebam,

ethylbsnzaiia arid xyWms). The kit entliady binds with diffamp
.ffunuty to the ETEX cauporslns mid .ther naial.d hy*.canbens.

Parcent ci'ess iesctivity sf the cuivus. v.1111 ergwec canpamids.

end related cunpasinds with the suitiodyin given I ibm Total BTEX

liPID Asuy package lien. Eip.rnlsnt concentratIons of them
substenucss m terms ifTotal RTEX ciii he aOiae.d Sims
ml srmation pnividsd mU. RaPID 4u.y!)6is*umnasVaflIm's
Grids.

• Performance Data

Precition
The overall csefficlnr of variition l%CVl fur total BTEX

meuIa,m.rst mien soils spied ill and 10 ppm using the RaPID

Prep cunponents and Total BTEX RaPID Assay is Iss than 20%.

This represents iii amount if variability axpst,d with different
med types. saUl erlractsd and dilulad once arid assayed in dupliceti

ma sing assay run.

Pan Nmeh.r
ADO 185

RaPID Prep Sal Collection Kit *00121
(20 nut;)

Portebi Digital Balanca *00131

Total BIEX RaPID Assay

100 tests
30 test,

• Assistance

For ordering orieclutical issisnajic. crud:
Olyisictin Envirerunental Diagnostic.

Sales Dapanunenu

Newlewn. Penntylvania 18940

1900)5448851 'Fas(2t5)66O52!3

wisials.
CMI hiricant
brake f hid

hIhiiup,ass

1ppm
lOOppu
lOOppiu
100 ppm

tow nail
Tetal BIlk
veb. igpm)

0.5
0.7
0.8

01 (cii sf0
1.0

1.2
1.3

281
50.0
59.2
89'.
gr3.8

96.3
97.7

98.8

'p.'
99.7
Dip

>90.9

73.4
50.0
30.8
10.5
6.2
3.7
2,3
1.4

0.8
0.3
0.1

<0.1

1.8

2.0
2.2
2.4

vaLe ci linU

— 0.5.4.5 — 10
— 0.5

tO 10
0.94 10.2
17.0 12.0

iii. of u,pheaies

meal uzay result Ippiuil

• Availability

Fr.u Qliuuuc,oi,

D.tcnpd..
Total STEX Saupt
Extraction kit (20 uitt)

When iii. extractionfdikition proceduru d.scrihid ahoy. is
performed with. ten grail soil eanaple the RaPID Assay

neault is multiplied by lOt, detirnum the soil Total STEX
concentretion.

EXAMPLL Foresail sumpi waigliungl0.Oprantspvingelolal
ETEX RaPID Assay result of 2.5 ppm:

2.5 ppm s 10 — 25 ppm Total BTEX soil
concentration

*00 162
*0016 1

Zui31 S 5003 iso
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375 367

General Description

Polynuclear or polycyclic aromatic
hydrocarbons (PAH's) are a group of

— compounds composed of two or more
fused rings. The U.S. EPA has identifi-
ed 16 unsubstituted PAH's as priority
pollutants.

Some of the four, five and six-ring
PAH's such as chrysene, benzo[ajpryene
and indeno[1 ,2.3-c,d]pryene are consid-
ered to be probable or possible human
carcinogens. Benzo(a]pyrene is the most
potent carcinogen among PAH's. The two
and three-ring PAH's, such as naphtha-

— ene, anthracene and phenanthrene, are
noncarcinogenic and are found as a
component of certain grades of fossil
fuels. They are referred to as the fuel
PAH's. PAH's are introduced into the
environment as a product of natural
and fossil fuel combustion.

As a source of environmental contami-
— nation, PAH's are a serious problem at

manufactured gas plants (MGP), coking
operations, wood preserving sites that
use creosote and petrochemical waste
disposal sites. They are also commonly
found in fuel products such as heating
oil, diesel fuel and No. 6 fuel oil. The
large number of these sites contaminated
by PAH's in soil and groundwater has led
federal and state agencies to mandate
their clean-up. These agencies have set
various regulatory levels for PAH's in soil,
however, the usual concentrations of
interest are 1 ppm to 10 ppm.

The current EPA-approved methods
for the detection of PAH's are costly and

— require lengthy sample preparation, and
large volume extraction. The PAH's
RaPID Assa eliminates the need for
clean-up steps and GC/MS or HPLC
instrumentation.

The PAH's RaPID Assay applies the
principles of enzyme linked immunosor-

— bent assay (ELISA) to the determination
of PAHs. ELISAs use selective antibod-
es attached to solid supports in combi-
nation with sensitive enzyme reactions.
The immunochemical reaction provides
high selectivity due to the extraordinary
discriminatory capabilities of antibodies.
The powerful catalytic ability of the

— enzyme provides highly sensitive detec-
tion. These features produce an analyti-
cal system capable of detecting very low
levels of chemicals.

Features

Rapid

Precise

Accurate

Efficient

Sensitive

Test Range

PAH's RaPID Assay®

50 results in 60 minutes after sample preparation.

within and between assay %CV <15% at 5.10, 20
and 40 ppb.

highly selective immunochemical method.

rapid results can cut costs by allowing better
personnel and equipment utilization.

least detectable dose in soil of 70 ppb as
Phenanthrene (90% B/Bo).

assay: 0.7 to 50.0 ppb as Phenanthrene:
soil: 70 ppb to 5.0 ppm as Phenanthrene.

1
I
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— PAWs RaPID Assay® — Assay Protocol

—

—

—

Performance PAH Results

1. Add 250 I.tL of prepared

zyme conjugate, and

coupled magnetic

sample, 250 L en-

500 iL antibody

I

particles. Vortex.
I

2.

..

Incubate for 30

minutes.
I

I

3. Using the RaPID

decant, wash and
Magnetic Separator,

vortex (2x).

.

4.
solution.

Add 500 RL color

I

5.

Blue

Incubate 20
minutes. Blue

color develops.
r

,

6.

Yellow

read color at 450 nm.
Stop the reaction and

Solution turns yellow.

Specificity
The cross reactivity of the PAH's

RaPID Assay for various polynuclear
aromatic hydrocarbons and petroleum
products can be expressed as the least
detectable dose (LDD) which is esti-

— mated at 90% B/Bo, or as the dose
required to displace 50% (50% B/Bo).

50% 50%—
LDD LOD 8/Bo 8180

Water Soil Water Soil

Compound IPOSI (ppm) (ppb) (ppm)

Recovery
Diluted soil extracts were spiked with

various levels of PAH's (as Phenan-
threne) and then assayed using the
PAL-I's RaPID Assay. The following
results were obtained:

Amount of
PAH's
Added (ppb)

Mean
(ppb)

Recovery
S.D.
(ppb)

5.0
7-5

20.0
40.0

Average

When using the RPA-l RaPID
Analyzer1M, results are reported in
ppb PAH's. If read in a standard
spectrophotometer, results from the
calibrators are plotted on graph paper
and used to determine final results. It
is recommended that a control be
included in each run. A positive control
(25.0 ppb) is supplied with the PAH's
RaPID Assay kit. If soil samples are

110 run, results should be multiplied by the

116 appropriate factor.
110 As with any analytical technique
105 (GC, HPLC, etc.) results requinng
110 some action should be confirmed by

an alternative technology.

5.48
8.67
21.98
42.08

0.80
1.31

3.01
4.80

Pnenanthrene 093
Fluorantherie 0 42

Benzola]pyrene 066
Pyrene 0 26

Cnrvsene 053
Arrthracene

inoenoll .2.3-c.dlpyrene t03
2 8erizanthracene 1 32

— Fluorene 219

6enzotb]tluorafltltefle 1.71

Acenaprittlylefle 133
8enzolktIuoranthefle 1 02

Acenaptittlalene I 1
1 12•Benzoperylene 195
Nantithalene 864
12 5.6•Dibenzanlflracene 33 1

CreosOte 1 46

Fuel Ott #6 6 62

Heating Oil 1708
Diesel Fuel 26 06

GasolIne 1 330

Kerosene 16625

Jet A Fuel

I30pm Diesel r lpprr Rapid
Soil values are 100 lImes higher

.07

.032

.050

.020

.040

.054

.078

.077
165

.091

1.0

.077

1.29
1 47

6 50

2 57
.11

.50

1.28

1.96

too
125

>1000

219
6.3

g2
10.2

104
14.6

36.2
37.8
46.8

72.1

594
697

915

>1.333

>1,333

>1.333

21,9
71 4

388

661

>13.333

>1 3. 333

>13.333

1.65
.47

.69

.77

.78
11
272
2.84

3.52
5.42
447
52 4

68 8

>100
>100

>100

1.55

5.37

29.2

49 7

>1000

>1000

>1000

Ordering Information

Control

PAH's Products

results were obtained:
Precision RaPID Assay kit, 30 and 100 tubes

The tollowing Sample Diluent, 100 mL
Proficiency Samples

1 2 3 Sample Extraction kit, 20 tests
PAH's Soil System, 20 tests
PAH's Soil System, 80 TestsReplicates 5

Days 5
n 25
Mean (ppb) 5.48
% cva 9.2
% CV 12.5

(within assay)
(between assay)

5
5
25

8.67
7.2
14.5

5
5
25

21.98
5.6
13.7

5

5

25
42.08

5.5
10.9

Far ordering or technical
assistance contact:

Sales Department
Ohmicron Environmental Diagnostics. Inc.

1 -800-544-8881
(215) 860-5115

Fax (215) 860-5213

OHMICRON
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PAWs in Soil
• Intended Use

Far detection .i Pelynuclair Aranatic Hydocaiboni (PAWs) in

• Materlais Required but Not Provided

Rai'ID Prop71' Soil Collection Kit and PAWs Sanipit Extraction

kit.

• Procedural Notes and Precautions

Prop.. sail naniple, for snelysa iccnrdin to lb psacadwi van
ii the PAHs Sunpi Extriclian Kit. Ihant. follow the ixonwiouhsy
prosadsn is disathed ii lIt. PAWs RaPID AszayTh kit pCckiOs

hin.iS.

• Expected Results

In a study with 30 aripbs lecluitog both r.io conianiratad node

and arialyticelty spud .ii s.nplas. Tb. PAW. RiPIO Auay wus
sndwn to can, late n.,I awiut EPA Mashed 2310 O4PtCI. Usrng
a cutoff sf3.0 p.u tar lb. lam onoussy, lean thuot 4% iii..
positivan and no false ugatms w.v. .b.iwd when cmipwed
tosl.0 p.n detection desit.

• Performance Data

R.a. .FD.t.cti.i
Iii. PAW, RPIO Ass.y hiss nin of detection it sub .1200
pph 1.5 pjsa when uied it conMlcticn with tin. PAW. SunpU

Extraction Kit.

Data R.Uact

Xliomati.n

Raid Mode

WanUttth
Udis

lRgtB&

Ceiilsos;
1.1 Cal.

ii Raps

0.00 PPM
0.20 PPM
1.00 PPM
5.00 PPM

M.thod
I of raplicatis
muon puidix Ippss)

% CV

. Assistance

SpU Code ctlon

bywalibil byvebns
10 10

1.43 1.25
14.3 14.4

8.c.v.sy
PAils ,c.v,ris wit vary dep.ndii on sail typu. r.I.ntion
mad.aniwn. saMil and .xtmctIoO appuslus wed. hnqth at
extraction pefl.d sad lusts at poteatialy mterf.rm thslonca,
it the tail,

Twelts (121 tells at venous types wan, fattifed with PAW,
(PbwninIhmm) to mu soil concamralwns .11.0 p.s. *8 aids
were Sbus sublctsd IS lb. above axtrictioraldilutuor procaian.
Average rocovery of added PAW, was 108%. Results ranged

(no.. 82 to 124%.

The evaribi coefficint of varv.tion (%Cfl for PAIl, ma sitveflisltt

in sail spiked ati p.s uil.g the RaPiD Prop canpoonats and
PAil's RaPiD As..y is Itt than 20%. This IipulwtlI lii.
uniwil of vaflability .xpectad when a bunogirusw tail sunpU

undanoes tin replicet. colleclrnns. estructitni wid utaons

pnerstrng ten rimunousey addts It.. a alagi am.

As withal hiuslwloaulyi, a cansizteni tucliniqi. is lb. hey to
opIheel perfaim.nca. To tbtao. lb. gamiest poacisiori. be sws to

treat each tubs in an identical maivur.

Add m..nts itmctly to the bolt... of lb. tube .1111 n
canted bslws.n lb. magent, and lb. papot i. This will help
salt.. consistent quantitil of rugant it Ui lust mixture.

Avoid ueucontunitalions end csnyowr of ugunli by using
clan. pipeS, for .acb san.pI addition and by evmdiiig coated

between megant droplets an the tubes end pipet tips.

• Quality Control

A caffiral solution at eppiaxun.tely 25 ppb of PAIl (is

pln.nntbnref is presided with the PAil's RaPID Assay bit. It in
recureiwnold that it be itclud.d ii every run and trailed it the

cuss muocur a, unknown sonipis. Drica the control r,sult, iii
canacled for the atutiom factors lies Result, iection) iii
iccapt.bU roselt should be lOOtiss, the vstaa steted on the

vii. i.a. 2.5 0.5 pp..

• Results

Multiply the sample end control unit, by the epprspflat. dilution
factor 'mtroth,aid by tie coliclion. ,xtracliai end extract dilution
steps. When lb. co iootla,t,actioiddiiuton procadura descibed
lithe PAils Sanipi Extraction Kit is pertomtad with stun grant
sail nusipU. lb. RaPID Assay runit is multiplE byl Dot.
diSarm.. the soil PAWs concentration. *hersistively. program

the RPA1 Anelyxar at listed below ao auluniaticelly coned for

tilt d.lsit ion factor.

UtM RPA•I'1' RePID Analyser, caiilireli cnn.. can be
aatuu.alicaly salcuietad end stund. Rater te lit. RPAl ogersteug
mamal far detailed itsinictions. To obtain units front lb.
PAils RaPID Assay an the PAl tin. following panameler

settligs we rucanton,ndlat

For erdeming or aecitraical essistance contact:

Olrxicron Envvwrwnlal Diagnostics

Sales Dupailment

N.wlown. P. rwxilvails 12840
(80015448881 • Faz(2l518805213

• Availability
Omrarxon

PAWs R.PID Assay

30 Tail Kit
100 Test Kit

PAWs Sungla Diltaint

PAil's Prof ucincy Suongles
RaPID Prop Sail Colsetion Kit

RePID Prop PAW. Sample EstracIw. Kit

LiRagriwionUB
Absa,buic.

450am.

PPM

0

4
2

Cencentrslions
11:
'2.
'3:
14:

Range
Conihliiot

Rep. %CV

en—

0.07. 500
0190
10%



3.7.5. 30
PAH's

Sample Extraction Kit
• Intended Use

Fitsi csjacts with RaPID Prep"' Sod ColitiS U aid S
PAW, RsPW Assay® Kit ftril,nnrnsisif PAN. ha

• Principle

Pdyasthsr it pslycyck MURfl byiscwbma FAil's) s's pss
St -r--1' caupsad if twa it pun, tuad vanatic Ags. Tim
U.S. EPA bss iistifid te asahi ituted PAW. as pArity
psStt Sri if is tsar, liv. S W.rmg PAWS such.:
d.,.... 5nsisymm S Iinsll.2,3'cdEima ce csmiirsd
is 5 pr.bsbU it psuibi buns carcanspnx. 15 twa 5Th
rig Pill's iish as .apbthifl, wiflnan, phissailun. S
pwa a, na'ctclwgnc S fund as a capsaffi at carts
psi: of 1.51St PAWs ma irrnduad bale S O,i*WnOnI
a a prsduci if sateS S toad IS canbustist As a sian if
n*u,ns.tai ciii uS.aiim, PAll's ri sAss ysStn it
rumisciwad pa, push Non. cakrng .psruiisnt wS psa,vmg
this that ma assists as a praarasis, S psir.ctsnical wins
iapssif St.:. IS leg. assist at Ste ant itch a
traiPsed by Phil's hisS aid psamdwstsr baa Id lairS S
isa with. inSets tSicIr'pa. ISis span..hiss in

'mass rugidsisry luSt far PAWs laid. Swsw *5.5
nail ,fflis. if humus I pps silO a Accwaui
ituminalh. it iS PAN csnism of csnurmatsd sad. S
massey is mis .,psspriats icitcis mgirêpg sits Startup S
'admit

I'S maps.crind I the RaPID Prep PAR's Srpfs (strati Sn
Kit bass Si SpII.Sd titlist, sffitst amevalaf PAN's hat
aid S csnusthrru papwatis if is swupi tsr flnaiiansy at
SI if kitarnt is IS Iwnigatw T5 .ystsm slims tsr
Mull. csnwahnt 5 cast sttsctrs. itsimliatsins at the ISIS
5.1mg it pmnshl iii iili.

Description of Contents

1. PAWs Extracts Sobathr
100% asiSsi with S dmxpursisn again.

peit 20 bittI. csnhsmg 20 xii ssch
2. PAWs (strict Dint

Buffs'S aura abase ant*thg pisarusiss S sishizari
mitSuI sty itsclabl PAW,.

parka: 20 viM. csstslthag 12.2bmLsach
3. CbS if caisdy c.ntsmsr 55k.

parkit. 3DlaSbIord&Iran vials

Reagent Storage and Stability

Stusad usagutes S canparests ma ly waS wntlsisd ansi
2Wt. Rsagssls may sand aid is sxpirstS its Sen sri
is is.

Cfl los, stare S liArS mgriett fit prr ilxpoS ifs
'"past

Materials Not Provided

Isad&tism ti tS matsrisis prsuiit iha filing lust ma
mauwyforthi psrfsmaia if t5 pruadwu:

• RaPID Pap Sad Cadactis U
• stopwatch it clock with scsi bad
• pemnstmakigpn
• prslscts glass.
• dmglid b lpilrit traIt Jr.. Oluflaus)
• PuSAn pjet ads. capt if dshsrlg 250 pL

• Sample Intonnatlon

IS bit was SAted terse wish sad splt Disc Ipss at
sapS mstSs S isiS wsstss may rice. Utters.: priadest
Ii sflraci PAWs.

• Procedural Notes and Precaudona

Os set ste sty maps Syssd its stead St We.

55W nc.sds at caibasas sifls if is tad sapS Its
pr.nua it lbs snrucus sSiln I Spelt fit — sstrscts
stficlscy. Units arm mimic Sitar sispwatS is asia.
Spat. .lSmgnsi aceniandst

Lvii caritact if extiaciuss sslutIs (100% ..tSod will iii S
eon sismbransi. If ih. mips s I aSset with urn
wash with watsr.

Os is is legs dibatin Jade isiS, IS —at if IS 115
.51ml SpanS I pal a IS cat isis. I pseltig lbs S
extract Sits if. ddaffl.

• Umitations

lbs PAW, Sample Extr.ctuss Kit. mba musS I csrpmctls with
RaPID Prep Sod Celicts KIsS is PAW. RaPID Assay, ml
pratt screening huSh. PailS mmii may fled ii S
cSlmsd by a .nasalsglcsi mstbst

• Extraction/Flitration Procedure

Reid tIm Proaduni Neat S Piatsususe S lbs RsPID Pup Sad
Cebcthn kit pscbag. Sari Star, pracasdiug. Van, sad

spt.s. as patented hiS Lid Cidsctiss Kit pickup.
San.

I. Write swnplsitfsnnatin.stSlbslsprsuiidfsiad
alicia Sun. ssirsct cslscuisn vials S PAW, (strict Claw
isis. Apply ISIs to spptspnsta v.m.S

2. s°r Raisin iS saaw cap Jr.. i55 cad. chit S
cilia Sly VS'S. erhyn#utastsdsn

2.1 ly raise: With is plapr I sly ipussad (pushed is iS
Isp if is It). — S ii. is span Suits cslictss it.
Uaaasw the pbapr rid (rails pbagsr by iwsig S haS
wassrclsckwtt. 1.5155 flab with Slip if S aliciar
it — lbs plungar at Uimg ii. baa psiuss if *5 baA.
— is S tripS .,d the pksigsr letS borer.

2.2 I wht on, digIlaI1aaert
JtIr I. Runs. icuw c In 55 tue sib hi

pdepr rat Ltd ii. S 'By vulmaC hal I sit S — *5
SSr is his Stir ifS isis. Reattack pbmpr rid
S wuu iS tis crisg S ad. Stsset sr night
ha real weight to StoicS S nipS. Rscard lbs night if
iS uI,

Opilsn 2. Rstnau is sauw cup ad phirgar rod (run as rpiy
calictun iS. Posits is pbapr ribs bstir if is cslicts
it. Atisch is pad baa pica prauidsd S — is it. as
ppridpothiossnihibalaaSinwsight. WsçIo±o.1
giw.ifSmtstbsit. RscardibsSwuight.

3. £rtacifes

3.1 PailS S '.5 uSd5 it crisga sad sapS upright
S *5 Siyrsl sun rack.
32 Psi, is crass. if am S if PAW. Estractisn SSisn its
as cslscte. Sass is cap lwitbsul tibsfl a tightly 5.5

iMt is Sr cap naiad.



3.3 SNAXE VIGOROUSLY AID COUTII000SLY PSI AT
LEASTIISECOIDS. AIis.U ibUig mey N .ipisd I.•Np it èyad sgp,ptsi.
3,4 Pail.. IN csN!I. Sib. ifl mu. ,.cb ad dsw IN
atitwa Is ft1 st IsiS Il. mas.

ffbstd.--dstupS.21iidahswithMd.d
sitractin siN!. caNPiedNa IN ricA Pie IN Sal
CcIi. ki Na Na. IN Na Id P pst I pin ad IN Na m
iNks. i.,..J, firN Past sscsids.

4.1 RswIN .cmm cpu d shad IN ussr cap. Had IIun
aSlietuicimIsk.
4.2 AttitA IN pimps rids lbs pN!pr if lb. sal c.kctir.
4.3 Raa SN hr cpu .d Part IN sal cikct. us IbiS II.
hr ins psamsal saracscti. sit kssp Pansdfws
P. sicad. Ii wit IN liar adS. 51.. IN hula II *1
Ihiuplu IN fiat It, INN! cuss.
4.4 Apply alpi pass.. I. IN phaugsrNads. TN iltrals ad
Npi ii fin asia pedly u pie pasissu s catmuudy—t
4.5 Filbusialwithupprad.aIsly2Odr.ps(IL.flbufir.t.I.
CpstN vial.
INs .sauiit St fihils P SuffICES I. ipuf urn maIN rapical.
aalyisiwithlsPlDAssaybils. TNiulwIh.ldppts5mtif
lilmu. I NItiuwi .511.51 siNs. .d.Ust lbs firsts
cirh.mmg PANg I sliM wNn atasid III. salsici C*CIISI slut
tar in wish at lies lasipsistars (15 Is 30 C).

— . Dilution Procedure

Usig IN puss prassid. Ituisfar 0 pt if *1. extract INctI
.t. siN if PAN. Extract Diarit (12.25 mU. Mix by mvsilmg
.is,it Sass.

TN. .stu, ciii ass N m.samd ii suspI ..d.., Is IN
psa.p r1 .1 11w PAIf, liPID Assay PAN. lIPID Assay kit

— picudasa slip flJ

• Calculation of Results

Cstadats ft. PAll, c.uiantiathii maid by midtuplyig IN RaPID
Ausy mmdl bytti. 15dm Nmd.nd by SN pruadwi.

vi. .xt,ict Ant)

-0.25.12.25 -50
0.25

• Rang. of Detection

Wbua Ski sxtrictisQãiti. prissIju us aid P cuspiictis. wish
RaPID Prip 951 Ca1.ctm, kis iN IN PANs RaPiD Assay kit. IN

aipif ibIscIl. I s.d ii 200 p01.5 pus.

lit sespis wish up.ctsd PANs caainkitisms plater Sbus 5
a liii was.. IN didutracI shad N twtN! ad

.1k PAWs RaPID Assay DWIIZ.rs Stadsrd if's tsslm A

ifstItNkm.sifitspts.dht.ipuitstisefshNr
PAW, i csr,sialritlns as psus sIN

,ualibh Pus IN 0Pnsa Isieci SarsU D.putasat.

— stN!uaabsaarkslwlbsluilsattbu
RaPID Assay ki aladsid aisi ma caniNmd s,SaN,d
caasntrstiiss. Extripslst.d assay sanciMrsIi.s huh ar
N ailpd by Sb. hhis. t.ctur ad rip.n.d iii sal PAW.
cunaI,il is..

$cu ,suilts
TN PAN, Sunpi Extrscthn Kit caN iliad its tcrs.rmg sit
far, salcatmamatha lvii if idamut. bummuuay mchts lii
51 aalytical issift, psaisi V asnuast if vuuiy Ihat cuu N
sapasad ass ciathics itarval mind II. mutt. Data
iMactsriag II. m.IMd swiatus.caN IN.. is susie
slilhtical prshaixIllh, mid IN sIlty ifs ,slcl.d citeff
caciuilrithii can N astinssst TN Mowing tie gNu hits

frnmpsy if psalm, mid agatwi mudS, far. sdrNulmg ida..
wait sOlO pp. c,a.ff Sisal sina Pu than 5% hal.. sagas.,.
N sisal ill pp. PAW, I aad

0.50
ass
050
0.55
070iNstil
am
0.00
055
aoo
005
1.00 (dstsctuoss IsiS)

1.25
1.50
2.00

1.0 50.0
5.5 041
10.4 03.5
32.5 07.4
50.0 50.0
15.2 34.5
70.7 23.3
541 111
00.3 0.7
00.0 5.2
05.0 4.0
00.5 0.5

>50.0 <0.5

SItlar sutmusts, can N .id. tar .thsr PANs shIsci ion lvii, of
Nagail. TN b.iurwntaf ha,, 9sid. pt.vuibs .dëtiouisl
mfu,rnat.sm uigathng unity it IN stat hod 5ii sausiig toot

•Expected Results

in.study with 30 sung1; luckiltug bilk fiW uelmisishsd adi

ad asualylicaly iplad ad aspi,. TN PANs RaPID Assay a.
ii... S. csnaisI. was ugamit EPA Mashed 0310 DIPLCI. Uudg
• .,,,.,...u. cutsff fir SN laiwissusy. Pu than 4% false
psibMS s.d a fat.. saguhiwu warn iiisrvsh w4sru cusnpauud to

.1.0 pus d.tsctuui lisa tar SN ,ufsrsrucs aslbot

——1
PAN, uswmjis ad say d.psieig nad typs, mtsshuss

siMM ad scIractus. appuits, used. Irptk if
aiusdlm. period. ussuit if sutul.n ad Pals af polsru*ialy
htsrfsrig mdSsIuisis FIb. ul

Twelve (12) sal. ii vuisuji types will firlifid with PAWs
Pl.na,itlvsnl Is final aid cOilmidral son, .11.0 pp.. Al ,.di
'sri IN. usdSctsd Is II. shiv, sit aclio&dikutusst passed.
Averagu iscevery St .ddsd PAN. was 108%. RustS, rsngsd Sr's

02 to 124%.

Soil C.nlsnuunsnla
Sen coisunmust, (mmdl ads that .5.. CaIutud PANs's cii

Itudesu with IN uNysi. ad cain IsIs. psalMs. f alas
cipumsi it both wNm IN cunpourid 1 puis.nt St elvuisd
gauuilr.IPiz lots rfsmuicis warn amsad by siding liaising

caucautratins at - ,aU'vw,t camS N!s is IN Exit scSi.
SuSie. falasssd by ed it. IN Extract 0N. TN
cuicintratiun if r—r ha,. iN! paàcsd a uppuith
PAN siMs guastsr SN. 11.1.0 pp. dslsct lilt.

saCSatrIII. Psi
paiamiiiisiuts

N additional e..Iasns if SI. s.d axt,151 me mid. Is shIest iud

PAW, c.nsintrslisos passer lb.. 5 pus, Sbus. mlsrfatuciuua
iNhiisltsd p dhaci prapsili. Is IN axun mid..

PAH Sp,clf icky
TN PAW, RaPID Assay kit has Nan calbsstsd with PNaaotbuu,s.

TI. kit sitlsdy bids whit lit suing if tally ti Ii stir PAW..
Cluyssnu. fluorwu*Nn. pyusu. s.d Nus(sbyima mci mast
stingly m tIm syrnun Ed. ustI.acsns mid plsinutlnas pius
islwmspuna is 11w amy syllsm. Dli, PAWs SsstahiuscI Is
sisai UISflI. Pitcat Dali Iuc(mty if Ii Cu.... PAW, with

II. sotlody ii pan Phi PAN, liPID Assay pscksp airS.
EvMnI cenultratuuns if SN SIN! PAW. Phi., 51
Phenaothians can N aNisE trw. Pfsnnstuso pruNed PIN
b,*wmntd Ow's

• Performance Data

Py.clulun
TN sard iefficwal if virus I%C VI fm PAll, ..uwenr4
1usd spdS.d ill pp. simg IN liPID Pup cmispsu.asi ad PAN,
RaPID Asuyi,luthan20%. Tinstspmsotitisaur4sf
viflaidily .xp.ct.d wiwius Naipuw mis sad mph adsr,ess lee
uspicats colictmos. sxtridtuoAi and Nuluon. pnrulrq Ill
i.nwioasuy audit ft.. aapiu.s.

Availability
Fruit Obiiiicriuu

Suspi Csbctuus Method

byus*I byvahaiw

10 10
1.43 125
14.3 14.4

Lbwiptsii Pat? Ned.,
PAW. SespU £00160

Extuicthouk'dS2Ouuds)

RsPlDPrspSodCMucIusskit £00127

aoieu)

PsnsbinowitulBlacs £00131

PAN, liPID Assay
100 Issts
301.51,

• Assistance

Far .rdsrig it tsctwdcut suislusuci cantact:
Oberncrauu I isrsnanlal Dmgnustucx

Sal, Daparlmsuit
N.wi.wa. Psmssylvaruis 18940

(80015448885 • Fux(215)8605213

100307 SOUth.

,.: .' .1.

Araclar 1242
Aracir 1248
A,acirl2S4
ArscIar 1250

lMslhyhspluthelusw
2Mstiuybiapluthsii.
ken.
TiMi.
Puuuactdorpoiluaol
Cappsr Chunks. Arsasseta £CAJ

0i+acty$phthalsti

32

45p15
Uppu
>I.000ppu
>ilppu
I4pp.
41

>I.000ppm
>I.000pps
>1.000 pp.
>1,000 pp.
>I.01pps

Ti. ad PAN, hlmstsd lisle if
vie I.) PSsitNs Rsiidtil%I

EutPuilsd Rats .1

Nsptise Rssidta 5%)

— itFil Assay ilsuds xvi. E,trsclssut Ant) a Nulas. f.cIit
— wt.afaadhgl

RIP1DAuaysausdIpk) a 20 1 50 -
— .tsfad(g)

PAHe soil concentration Ippb)

NOTE:

— Null. lactir - vet sxtrlcl Fit) • vat. Nuest Ant)

as. at rapitatsu

mean sssiy riudi igm)
%CV

WI.. ida extr.ciienidilution p,ocsdur, dsicsihod ah.vs is
pirlonnd will. Isul grim sail sapulu Use RaPID Ay
renil P .ualtiplid by fOils dstaenhine di sail PAWs
I ASS iii lion.

EXAMPLE: Fir sad amnpi waipirns 10.0 pm., giving ,PAW.
RaPID Assay,asudtah lOppi:

10ppi • 100 - 1.000pph.r

1.0 ppm PAW. soil concentration

A00157

A00156
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Field Forms
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RECORD OF PHOTOGRAPHS
PROJECT NUMBER 1 0K70200
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(sym) wp\af\carssIl\phofrm 20-Oct-95
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EXAMPLE DAILY FIELD ACTIVITY REPORT

JACOBS ENGINEERING GROUP INC.
— FUEL HYDRANT SYSTEM INVESTIGATION

NAS FORT WORTH
DAILY FIELD ACTIVITY REPORT

Task Order No.: ______________________________________________

Project Cod.: 101(70200 LocaUon: ____________________
Field Personnel: _______________________________ Date: _____________________

NUMBER
DESCRIPTION COMPLETED

Hend Aug.r Bating,

Sample. Collided

Sampi.. Assay.d

Dupllca Sampi.. Msay.d

—

Jacobs Field Technical Representative Date

Subcontractor's Representative Date

ltws1,d.l 2O-O-O6
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JE DENVER, CO (303) 5954855

PROJECT NO:

PROJECT NAME:

PLACE:

1 0K701 00

USTs and Golf Course
Maintenance Yard

DAILY REGISTER

(wW) hp'arars1l'daIIyr.g 1G!2G95

DATE(S):

JACOBS ENGINEERING GROUP INC.

NAME TITLE COMPANY ONSITE LOCATION
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