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1. PROJECT DESCRIPTION
This Site-Specific Quality Assurance Project Plan Addendum (SSQAPP-Add) addresses
sampling and analytical requirements associated with the site characterization activities
requested by the Southwest Region Planning Commission (SWRPC), for the Former Skat
Shooting Range, New Ipswich, New Hampshire (Site). This SSQAPP-Add, in combination with
Weston Solutions, Inc.’s (WESTON®) Generic Quality Assurance Project Plan (QAPP)
describes the necessary quality assurance (QA), quality control (QC), and other technical
activities that will be implemented to ensure that environmental data produced are scientifically
valid and defensible, and to establish the analytical protocols and documentation requirements to
ensure the data are collected, reviewed, and analyzed in a consistent manner.
The SSQAPP-Add is required reading for all staff participating in the work effort. The
SSQAPP-Add will be in the possession of the field teams performing site activities and in the
laboratories performing all analytical methods. All contractors and subcontractors will be
required to comply with the procedures documented in the SSQAPP-Add in order to maintain
comparability and representativeness of the collected and generated data.
1.1 BACKGROUND
The Site is located at 40 Skinny Cat Road in New Ipswich, New Hampshire. The property is
located approximately 1 mile north of the center of New Ipswich and is bounded by heavilywooded, residential properties to the north, east, south, and west.
Historical site uses have included residential use, preceded by a paintball course, preceded by use
for archery, skeet, trap, shooting clays, and live bird shooting ranges. The 293-acre property is
believed to have previously been used for agricultural purposes, and includes a residence built
circa 1960, as well as six ancillary buildings. The property is currently occupied by a tenant
(the former owner) and owned by Traditions Village Realty, LLC.
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1.2 FINDINGS AND OPINIONS-HISTORICAL INVESTIGATIONS
A lead assessment was conduct in October 2006, at the Site by Natural Resources Consulting
Services of Concord, New Hampshire. As part of the assessment, twelve composite soil samples
were collected from various areas located throughout the property and analyzed for lead. Of the
twelve samples only three contained lead at concentrations above its New Hampshire
Department of Environmental Services (NHDES) Soil Remediation Standards (SRS) of 400
milligrams per kilogram (mg/kg). The composite samples that exceeded lead SRS were collected
at and adjacent to areas that had been historically used as the former shooting ranges (skeet, trap,
and sporting clay).
A Phase I Environmental Site Assessment (ESA) was completed for the owner in January 2012.
The Phase I ESA identified the following recognized environmental conditions (RECs):
The former skeet, trap, shooting clays, and live bird shooting ranges comprise RECs,
particularly in light of the available soil lead data which indicate elevated lead
concentrations associated with the ranges. The lack of quantitative analytical results
associated with the ranges comprises a data gap that should be eliminated during the
Phase II ESA.
A former 500-gallon, No. 2 fuel oil underground storage tank (UST) which was
removed from the property in 2010. The Phase I ESA did not include available
records documenting the soil testing performed at the time of the removal; however,
WESTON obtained, from the property owner, analytical data indicating a minor
release of total petroleum hydrocarbons to soil beneath the UST, at concentrations
below NHDES SRS. Although one soil sample was collected, a detailed report
documenting UST closure activities was not prepared.
A number of fuel and other hazardous materials containers were previously noted at
the Site. These included 1- to 5-gallon fuel cans located in a soil-floored garage and a
variety of 30- to 55-gallon plastic drums used as obstacles in the former paintball
range. No headspace screening for volatile organic compounds was performed in the
containers or the soil beneath which they were stored during the Phase I ESA. This
comprises a data gap for the REC that should be eliminated during the Phase II ESA.
Although historically the property was used agriculturally, pesticides were not considered a
REC, based on the historical time frame of agricultural use, the wooded nature of the property in
the 1960s, and no indication of pesticide use in other historical information.
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The Site is served by private wells and a surface water supply, and relies on an on-site sanitary
wastewater disposal system. A Site Location Map and Site Map are included as Figures 1-1 and
1-2, respectively.
1.3 PROJECT DESCRIPTION
This section outlines the tasks associated with the Phase II ESA to be performed at the Site
located at 40 Skinny Cat Road in New Ipswich, New Hampshire. According to the current site
owner, Mr. David DelPonte, the proposed reuse for this property is for commercial and
recreational use, specifically, use as a rehabilitation facility and outdoor recreation area.
The WESTON SOP for sample collection procedures is included in Attachment 1 of this
SSQAPP-Add.
1.3.1 Underground Storage Tank Investigation
WESTON will investigate the location and status of the former UST located adjacent to the
building, which is depicted in Figure 1-2. The investigation will include interviews with site
personnel knowledgeable of the former UST, and screening for volatile organic compounds
(VOC) in soil vapor air using a photoionization detector (PID). If conditions (elevated PID
readings, observed staining, odors) are discovered that dictate the need to collect analytical
samples, WESTON will respond accordingly.
1.3.2 Hazardous Materials Storage Areas Investigation
WESTON will investigate the location and status of the former hazardous materials containers
located in a garage, which is depicted in Figure 1-2. The investigation will include screening for
VOCs in soil vapor air using a PID and a hand auger. If conditions (elevated PID readings,
observed staining, odors) are discovered that dictate the need to collect analytical samples,
WESTON will respond accordingly.
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1.3.3 Former Shooting Ranges Soil Sampling
Lead shot and target debris from three former shooting ranges is distributed in a characteristic
pattern at the Site. Figure 1-2 depicts the locations of the three former shooting ranges. The
distribution of these materials appears consistent with the conceptual models provided in the
Interstate Technology and Regulatory Council (ITRC) Technical/Regulatory Guidelines,
Characterization and Remediation of Soils at Closed Small Arms Firing Ranges (ITRC, 2003).
Figure 1-3 depicts the conceptual model of lead and target debris distribution at the former skeet
and trap shooting ranges at the Site. Both the former skeet and trap ranges extend across a stream
and associated wetlands downstream of a beaver pond on the Site, which will necessitate
sampling the stream sediments and wetland soils to assess potential impacts to these
environmental receptors. Previous surface water sampling of the stream did not indicate lead
impacts (Natural Resources Consulting Services, 2006).
The hazardous materials associated with the former skeet, trap, and shooting clays ranges
comprise the following:
“Clay” pigeons of the type present at the Site contain an asphaltic binder, which
contains polycyclic aromatic hydrocarbons (PAH). These PAHs can leach into the
soil as the target debris breaks down. The target debris is common at distances of
50 to 200 feet (ft) downrange, but persists up to 500 ft downrange (ITRC, 2003).
Lead shot, alloyed with antimony to control the hardness of lead shot, is also present
at the Site. These metals can leach into the soil as the shot breaks down via physical
and chemical processes. Due to its greater density and velocity, shot is common at
distances of 375 to 600 ft downrange, but persists up to 770 ft downrange
(ITRC, 2003).
1.3.3.1 Soil Sampling
WESTON proposes to characterize the nature and extent of the former skeet and trap shooting
ranges, and the nature of the former shooting clays range. A minimum of 60 soil sample
locations will be identified across the property, in areas where target debris and/or lead shot has
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collected. Figure 1-4 depicts the first group of samples to be collected on transects along the
longitudinal and transverse axes of the former skeet and trap shooting ranges; further sample
locations will be based on the results of the initial samples, and will focus along the 9 milligram
per kilogram (mg/kg) antimony and 400 mg/kg lead NHDES SRS isopleths, recognizing that the
instrument reporting limit for antimony using X-Ray Fluorescence (FPXRF) is 20 mg/kg,
slightly greater than the 9 mg/kg antimony NHDES SRS. Sample spacing will be 50 feet aprt
based on the large scale of the area to be evaluated. This spacing can be adjusted as screening
results will dictate sample locations.
The laboratory confirmatory analyses will be used to supplement the FPXRF antimony data for
nature and extent of antimony impacts, which are expected to mirror lead impacts In addition,
WESTON will collect nine soil samples from soils within the former sporting clays range, from
areas that can be identified within the target debris or shot accumulation areas. Sampling
locations will be selected at the time of sampling based on observed site condition. This
sampling will not entirely delineate the sporting clays range area, but will, instead, provide
sufficient soil data to allow decision-making regarding the need for further delineation of the
former sporting clays range.
WESTON will collect surficial (0- to 0.5-ft depth interval) soils samples from up to 60 locations
using hand auger sampling techniques. Seventeen locations are illustrated on Figure 1-4 as the
preliminary sampling locations. The remaining 60 samples will be collected at 6-inch intervals to
vertically delineate potential impacts to a maximum depth of 2.5 ft bgs if necessary. These soil
samples will be collected in the former shooting ranges for the purpose of defining the horizontal
and vertical nature and extent of soil antimony, lead, and PAH impacts. Each sample will be
lithologically described (including type of leaf litter, detritus, soil type) by a WESTON geologist,
and screened using a 60-mesh sieve prior to analysis to remove any shot or target debris. The
amount by weight of shot or target debris screened out will be recorded for each sample as part
of the description.
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Approximately 120 samples (60 surficial and 60 co-located subsurface samples) will be collected
and analyzed for antimony and lead on-site using a field portable FPXRF analyzer using the
United States Environmental Protection Agency (EPA) Method 6200. WESTON’s experience
with other firing ranges indicates that soil antimony concentrations may also exceed NHDES
SRS, and tracking the antimony/lead ratio can be useful to differentiate impacted areas from
native soil lead concentrations, which can vary in New Hampshire. The use of real-time field
analysis will enable WESTON to follow the horizontal and vertical boundaries of soil antimony
and lead impacts at the former skeet and trap ranges, and ensure that the boundaries are fully
delineated upon completion of Phase II ESA activities. Wetland soils and sediments will be
collected where present within the boundaries of the former ranges. These samples will be
evaluated as sediments and if impacts are found in sediments, surface water will require
evaluation in the future.
In addition, 15 soil samples submitted to a fixed laboratory for analysis for PAHs by EPA
Method 8270C-SIMS. Twelve soil samples will be split and submitted to a fixed laboratory for
confirmatory analysis for antimony and lead by EPA Method 6010C.
Based on the conceptual site model of surficial deposition of shot, it is likely that antimony and
lead impacts are limited to surficial soils, and do not extend to depth. Should soil samples
collected from the subsurface indicate potential deeper soil impacts, soil sampling depths will be
increased to 3.5- to 4-ft below ground surface (bgs) at those locations, the practical depth limit of
a hand auger in the anticipated soil type.
Using a Trimble PRO-XRS Global Positioning System, WESTON personnel will also obtain the
horizontal coordinates of the /microwell locations and other pertinent site features. The survey
points will be used to identify the horizontal locations of each feature for an updated site figure.
1.3.3.2 Groundwater Sampling
In order to determine groundwater flow direction and the potential for antimony, lead, and PAH
impacts to groundwater, WESTON will install three microwells in soil borings surrounding the
impacted area, as depicted in Figure 1-4. The soil borings will be advanced to approximately 7 ft
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below the overburden water table using a direct-push unit. The soil borings will be located
immediately beyond the boundary of soil concentrations that exceed NHDES SRS, so that the
soil cuttings will not need to be managed as hazardous waste, and can be left on the ground
surface. The soil borings will be logged continuously, but no subsurface sampling is proposed,
unless soil data from the first stage indicate that antimony/lead impacts extended deeper than
4 ft bgs. The wells will be constructed of schedule 40, flush-threaded polyvinyl chloride (PVC)
riser and 0.010-slotted PVC well screen (straddles the water table). The annulus will be
backfilled with clean #0 filter sand to a level of at least 1 ft above the top of the screen, and a
minimum 1-ft thick bentonite seal will be installed above the sand pack. As it is anticipated that
these wells are likely temporary and are located in a relatively remote location, the PVC stickup
will extend approximately 2.5 ft above ground surface and will be fitted with locking seals. .
Each well will be installed and developed in accordance with Standard Operating Procedures
(SOP) GW-3 and GW-4 in Appendix D of the Generic QAPP (WESTON, 2012), respectively.
Development water will be discharged to the ground at the well location. Using a Trimble
PRO-XRS Global Positioning System, WESTON personnel will also obtain the horizontal
coordinates of the /microwell locations and other pertinent site features. The survey points will
be used to identify the horizontal locations of each feature for an updated site figure.
Following the NHDES-required 2 week equilibration period, WESTON will collect groundwater
samples from each microwell. The groundwater samples will be collected using EPA’s low-flow
methodology, in accordance with SOP GW-2 in Appendix D of the Generic QAPP. The samples
will be analyzed for total antimony and lead according to EPA SW-846 Method 6010C, and total
PAHs via EPA Method 8270C-SIMS.

G:\PROJECTS\13877003\FIELDWORK\SSQAPP-ADD\FINAL QAPP\ADD-QAPP.DOC

1-11

20 AUGUST 2012

Site-Specific Quality Assurance Project Plan-Addendum
Phase II Environmental Site Assessment
Former Skat Shooting Range
New Ipswich, New Hampshire

2. PROJECT ORGANIZATION
2.1 PROJECT PERSONNEL
The project team is composed of an interdisciplinary team of members including SWRPC, EPA,
and WESTON. Figure 2-1 presents the overall organization structure for project management for
the Former Skat Shooting Range project.
WESTON will provide a staff of experienced administrative and technical professionals to serve
as the key personnel for this project. These personnel were selected for their management and
technical abilities. To ensure optimum communication during execution of a work task,
WESTON has assigned Mr. Sean P. Combs, LEED AP BD+C. as the Project Manager for the
Site; Mr. Drew Klappholz as Field Technical Leader, Site Safety and Health Officer; Mr. David
Kammer as Field Geologist; Ms. Bette Nowack, P.E. as Program Manger; Mr. Ted Blackburn,
CSP, CET as the Project Health and Safety Manager, and Ms. Diane Quigley, CHMM as the
Project Chemist.
2.2 PROJECT SCHEDULE
Field tasks associated with the Phase I ESA and sampling are anticipated to begin in early
August. In addition, field activities will not begin until the SSQAPP-Add has been approved by
both EPA and NHDES.
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Figure 2-1
Organizational Chart
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3. DATA QUALITY OBJECTIVES
Data, including laboratory analytical results and groundwater elevations, will be generated as a
result of this investigation. These data will be utilized to determine whether antimony, lead,
and/or PAH residues may be present at the Site; and discuss potential source areas and receptors.
The primary data quality objective (DQO) is that laboratory detection limits (i.e., Practical
Quantitation Limit) must be low enough to allow for judgment against the relevant regulatory
criteria listed in Table 3-1. As such, certain DQOs have been established and are discussed
further in this SSQAPP-Add.
3.1 BACKGROUND
This SSQAPP-Add addresses analytical requirements associated with the site characterization
activities requested by SWRPC for the Site. This sampling is to be conducted in accordance with
the final Agreement for Consulting Services between SWRPC and WESTON for the Southwest
Region Brownfields Assessment Program.
The potential contaminants of concern for which analytical samples are being collected at the
Site are PAHs, antimony, and lead. The associated analytical methods, and the DQOs for each
analysis performed during this investigation, are presented in Table 3-1. Only the analytes listed
in Table 3-1 will be reported by the laboratories. The laboratory SOP for each analytical method
is included in Attachment 2 of this SSQAPP-Add.
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4. SAMPLING LOCATIONS AND PROCEDURES
WESTON proposes to characterize the nature and extent of the former skeet and trap shooting
ranges, and the nature of the former shooting clays range. A minimum of 60 soil sample
locations will be identified across the property in areas where target debris and/or lead shot has
collected. Figure 1-4 depicts the first group of samples to be collected on transects along the
longitudinal and transverse axes of the former skeet and trap shooting ranges; further sample
locations will be based on the results of the initial samples, and will focus along the 9 mg/kg
antimony and 400 mg/kg lead NHDES SRS isopleths. WESTON will collect co-located surficial
(0- to 0.5-ft depth interval) and subsurface (2- to 2.5-ft depth interval) soil samples using hand
augers. Subsequent sampling locations will be determined in the field by a WESTON geologist
based on FPXRF results. Sample locations will be recorded using a GPS with sub-meter
accuracy, for accurate plotting on subsequent figures. A field and QC sample summary is included
in Table 4-1. The preventative maintenance schedule for field equipment and the calibration and
corrective action plans are included in the Generic QAPP. The WESTON SOP for collection
procedures is included in Attachment 1 of this SSQAPP-Add.
Table 4-1
Field and Quality Control Sample Summary

Sample Matrix

Soil

Aqueous

QC Samples

Field
Samples

Duplicate

MS/MSD

Totals

Laboratory PAHs
(Method 8270C-SIM)

15

1

1

17

FPXRF Antimony and Lead
(Method 6200)

120

8

n/a

128

Laboratory Antimony and
Lead (Method 6010C)

12

1

1

14

Laboratory PAHs
(Method 8270C SIM)

3

1

1

5

Laboratory Antimony and
Lead (Method 6010C)

3

1

1

5

Analysis

Notes:
MS/MSD = matrix spike/matrix spike duplicate
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5. SAMPLE CUSTODY AND HOLDING TIMES
See the Generic QAPP for details.
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6. ANALYTICAL PROCEDURES
The following section summarizes the analytical procedures that will be used by the laboratories
for analysis of site contaminants. For complete details, refer to the laboratory SOPs provided in
Attachment 2 of this SSQAPP-Add for the following analytical methods:
SW 846 EPA Method 8270C SIM – Semivolatile Organic Compounds in Soil/Water
SW 846 EPA 6010C – Metals in Soil/Water
6.1 ANALYTICAL METHODS
Routine analytical services are performed using standard EPA-approved methodologies, where
applicable. In some cases, modification of standard methods may be necessary to provide
accurate and precise analysis of particularly complex matrices. When modifications to standard
analytical methods are performed, the specific alterations, as well as the reason for the change,
will be communicated to the WESTON Project Manager who will inform the WESTON Project
Chemist. The modifications will be reported with the results of the analysis.
The laboratory’s reporting limits are based on program requirements and sample matrix.
Individual sample reporting limits may vary from the laboratory’s routine reporting limits
because of the following:
Dilution requirements.
Variability in sample weight or volume used to perform the analysis.
Dry weight adjustment for solid samples (all soil results must be in dry weight). Soil
weight must be increased for soil moisture greater than 70%.
The presence of analytical background contaminants or other sample/analysis-related
conditions.
The selected analytical methods and laboratory reporting limits are shown in Table 3-1.
The laboratory Practical Quantitation Limits and Method Detection Limits are also shown in
Table 3-1. The anticipated QA/QC samples are discussed in Section 4 of this SSQAPP-Add. The
sample containers, preservation methods, and maximum holding times are detailed in Table 6-1.
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Table 6-1
Sample Handling, Preservation, and Holding Time
Matrix

Parameter
Group

Container

Preservation

Holding Time2
(days)

Soil

PAHs

250-mL amber glass

4C

14

Soil

Metals

125-mL glass

4C

180

Aqueous

PAHs

1-L amber glass

4C

7

Aqueous

Metals

500-mL polyethylene

Nitric acid pH <2,
4C

180

1

Notes:
1.

Sample volume requirements for matrix spike/matrix spike duplicate samples will be double volume for soil samples for
organic analyses.

2.

Holding times are calculated from the time of sample collection.

mL = milliliter
L = Liter
ºC = degrees Celsius
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7. INSTRUMENT MAINTENANCE/CALIBRATION
PROCEDURES AND FREQUENCY
See the Generic QAPP for details.
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8. INTERNAL QUALITY CONTROL CHECKS
The daily quality of analytical data generated at the off-site laboratory is controlled by the
implementation of a laboratory-specific QA/QC Plan. The types of internal QC checks are
described in the following subsections. The QC limits for the selected laboratory are provided in
the Laboratory SOPs provided in Attachment 2 of the Generic QAPP.
8.1 BATCH QUALITY CONTROL
Sample preparation or pre-treatment is commonly required before analysis. Typical preparation
steps include homogenization, grinding, soxhlet extraction, acid digestion, distillation, and
concentration. During these pre-treatment steps, samples are arranged in discrete manageable
groups referred to as Preparation (Prep) batches. Preparation batches provide a means to control
variability in sample treatment.
The QC indicators are added to each Prep batch to monitor method performance. These QC Prep
batch indicators are as follows:
Method Blanks: Method blanks usually consist of laboratory reagent-grade water
treated in the same manner as the sample (e.g., digested, extracted, distilled, etc.),
which is then analyzed and reported as a standard sample would be.
Laboratory Control Sample (Organics/Inorganics): This is a standard solution with a
certified concentration which is analyzed as a sample and is used to monitor
analytical accuracy. (Equivalent to a method blank spike.)
Laboratory Duplicate Sample (Inorganics): This is a second analysis of a split
analytical sample to determine accuracy and precision. The test criterion is Relative
Percent Difference (RPD) less than 20% for aqueous samples, and less than 35% for
soil samples.
8.2 MATRIX SPECIFIC QUALITY CONTROL
Matrix QC indicators help monitor for potential physical and chemical effects which may
interfere with the precision and/or accuracy of the selected analytical method. Since interferences
can enhance or mask the presence of target analytes, matrix QC indicators measure the degree of
interference and are used to assist in the interpretation of the analytical results. The laboratory
avoids performing matrix QC on known field blank samples, such as trip blanks and rinsates,
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since these samples are not indicative of the sample matrix. Matrix QC indicators are analyzed
when requested by the client or specified by the method.
The matrix specific QC indicators are as follows:
Matrix spike (MS)/matrix spike duplicate (MSD) (Organics): The MS/MSD samples
are an aliquot of an investigative sample which is fortified (spiked) with the analytes
of interest and analyzed with an associated sample batch to monitor the effects of the
investigative sample matrix (matrix effects) on the analytical method. The MS/MSDs
are performed for organic analysis and only in association with selected protocols.
The MS/MSD precision should fall within the limits specified in Table 3-1.
Surrogates: Surrogates are used in all gas chromatography (GC) and GC/mass
spectrometry analyses. Every blank, standard, and environmental sample will be
spiked with surrogate compounds prior to purging volatiles or extracting
semivolatiles, pesticides, and polychlorinated biphenyls.
8.3 FIELD QUALITY ASSURANCE/QUALITY CONTROL SAMPLES
Field Duplicate Samples
A field duplicate sample will be collected as described in Table 4-1 of this plan. The field
duplicate sample will be homogenized with the field sample and split into separate aliquots, and
analyzed for the same parameters as the field sample.
The RPD criteria is less than or equal to 50% for soil and less than or equal to 30% for aqueous
samples.
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9. CALCULATION OF DATA QUALITY OBJECTIVES
AND DATA USABILITY
The objective of this SSQAPP-Add is to provide a framework to ensure that all analytical data
reported are of known quality. This section outlines methods for calculation of the data quality
indicators that will be used by WESTON and the laboratory for analytical data generated for this
project.
To assure that the data generated are of a known and acceptable level of quality, this plan
establishes or makes provisions for:
Developing performance standards related to various elements of the sampling plan.
Monitoring actual performance in comparison to and in compliance with the
established standards.
Reporting the monitored performance.
Rectifying performance not conforming to the established standards.
All QA/QC assessments made during this effort will be performed using a matrix representative
of the sample matrix and conditions being measured whenever possible. The data will be
calculated and reported in units consistent with standard reporting conventions to enable
comparability to existing data, standards, and/or regulatory action limits.
Following validation of data generated during activities conducted at the Site (discussed in
Section 11 of this SSQAPP-Add), sample results may be flagged as estimated results or rejected
if the results did not meet the DQOs identified in Table 3-1 of this SSQAPP-Add. The data will
be evaluated by the Project Chemist relative to precision, accuracy, representativeness,
comparability, and completeness and is discussed in further detail in the following sections.
The FPXRF Method 6200 antimony and lead results will be compared to the confirmatory
laboratory antimony and lead results using the least squares linear regression method outlined in
Subsection 9.7 of Method 6200.
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9.1 PRECISION
See the Generic QAPP for details.
9.2 ACCURACY
See the Generic QAPP for details.
9.3 COMPLETENESS
Completeness is a measure of the relative number of analytical data points that meet all the
acceptance criteria for accuracy, precision, and any other criteria required by the specific
analytical methods used. The level of completeness can also be affected by loss or breakage of
samples during transport, as well as external problems that prohibit collection of the sample.
The ability to meet or exceed completeness objectives is dependent on the nature of samples
submitted for analysis. For example, if the analytical methods proposed for use (particularly for
organics analyses) are intended for analysis of environmental samples of low and medium
hazard, the applicability of these methods to non-routine matrices such as drum samples, wipes,
air samples, etc., may result in poor method performance and, therefore, adversely impact
achievement of the data completeness goal.
The completeness goal for the project is 95%. Completeness (%C) will be calculated by using
the following formula:
_
where:
V

= Number of sample measurements considered valid

N

= Number of valid measurements needed to achieve a specified statistical level
of confidence

Soil samples collected from the property as part of this investigation have been identified as
“critical” samples that would need to be resampled if unusable data is generated. WESTON and
the stakeholders have determined that a total of 60 soil sample locations will provide the level of
resolution for potential antimony, lead, PAHs impacts desired for this Phase II ESA.
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10. CORRECTIVE ACTIONS
See the Generic QAPP for details.
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11. DATA REDUCTION, VALIDATION, AND REPORTING
Analytical data are recorded on preformatted bench sheets or analysis run logs in bound
laboratory notebooks. These bound notebooks are issued and controlled by the Laboratory's
QA Section. A unique document control code is assigned to each book to assure that
chronological record keeping is maintained.
Analytical data are referenced to a unique sample identification number for internal tracking and
reporting. Notebook pages contain the following information, as applicable:
Analytical method
Analyst
Date
Sequential page number
Associated WESTON sample numbers
Standard concentrations
Instrument settings
Raw data
Entries for instrument logs are in chronological order and maintained so as to enable
reconstruction of the analytical sequence.
The laboratory analyst is responsible for recording all appropriate information into analytical
logs, and for signing and dating all analytical book entries daily. A supervisor or trained data
reviewer reviews the notebook pages. Copies of instrument outputs (chromatograms, strip
charts, etc.) are maintained on file with the analyst's signature/initials and date.
11.1 DATA REDUCTION
See the Generic QAPP for details.
11.2 DATA REVIEW
See the Generic QAPP for details. In addition, the FPXRF Method 6200 antimony and lead
results will be compared to the confirmatory laboratory antimony and lead results using the least
squares linear regression method outlined in Subsection 9.7 of Method 6200.
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11.3 DATA VALIDATION
See the Generic QAPP for details.
11.4 DATA REPORTING
See the Generic QAPP for details.
11.4.1 Reporting Format
The final data reports provided by the off-site laboratories are Contract Laboratory Program
(CLP)-type Level II data packages and electronic data deliverables (EDD).
The standard client report contains a transmittal letter and the following:
Case Narrative describing: data qualifiers, sample collection, sample preparation
(e.g., extraction or digestion), analysis dates, and a description of any technical
problems encountered with the analysis.
Sample data summaries to include appropriate QC result summaries.
Sample results reported on a dry-weight basis.
The laboratory must provide an EDD of sample results, QC results (such as surrogate
and spike recoveries, method blanks), and a detailed case narrative.
EPA CLP-type Form X, indicating dual column results and calculated RPD between
column results for pesticide and herbicide analyses. Laboratory should report the
higher of the two column results, unless RPD is outside QA limits. The QA
exceedances shall be reported in the Case Narrative.
The package should be delivered to the following address:
Sean P. Combs, LEED AP BD+C
Weston Solutions, Inc.
45 Constitution Drive, Suite 100
Concord, NH 03301-5079
s.combs@westonsolutions.com
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11.5 LABORATORY TURN-AROUND-TIME
The laboratory will report sample and QC results in a hardcopy CLP-type Level II data package
and an EDD. The CLP-type II data package includes result forms with sampling date,
extraction/analysis date, and a QC summary, as well as a detailed case narrative, results of all
QC, such as surrogate and spike recoveries, and method blanks. The turn-around-time (TAT) for
preliminary raw data will be designated by WESTON prior to sample shipment. The laboratory
TAT of 14 days has been established with the subcontracted laboratory.
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12. PERFORMANCE AND SYSTEM AUDITS
See the Generic QAPP for details.
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ATTACHMENT 1
FIELD STANDARD OPERATING PROCEDURES

STANDARD OPERATING PROCEDURE G-1
FIELD DOCUMENTATION
1.

SCOPE AND APPLICATION

This Standard Operating Procedure (SOP) describes procedures for proper field documentation.
When samples are collected for chemical or physical characteristics analysis, field surveys or
measurements are performed, or oversight of field activities is undertaken, field documentation
must be completed. The field logbook serves as a permanent and traceable record of all field
activities related to a project and will become a part of the project files. The information
presented in this SOP focuses on the completion of field logbooks and/or field forms for
documenting field activities conducted by WESTON.
All data collection will be documented in either a bound field logbook or on appropriate field
forms. Field logbooks will be assigned to individual field personnel for daily entries. Notes in the
bound field logbooks will be made legibly, written in black or blue ink, and be as detailed and
descriptive as possible so that a particular situation may be recalled without reliance on the
completely filled in, a line will be drawn through the blank portion and initialed by the person
keeping the log. There should be no erasure or deletions from the field notes. At the end of each
day, the logbook will be signed and dated.

2.

EQUIPMENT
Field logbooks
Field forms
Pen

3.

RELATED PROCEDURES

None
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4.

PROCEDURES

4.1

FIELD LOGBOOK

The field logbook is the primary means of documenting field activities. It must be completed
concurrent with field activities and present a thorough but concise summary of the activities
conducted. The field logbook should enable the field activities to be reconstructed without
relying on the field member's memory. Refer to the Logbook Operating Practices provided at the
end of this SOP for detailed descriptions of field logbook entry procedures. Logbooks should be
kept in the field member's possession or in a secure place during field work. General provisions
for field logbooks include:
Project name/location and sequential logbook number should appear on the cover.
Contact information should be recorded inside the front cover in case the logbook is
misplaced.
Write legibly and use a black or blue ink pen for all logbook entries.
Corrections should be made by crossing out the data with a single strike mark, which
will be initialed and dated by the person making the correction. Ensure that the
original entry being struck out is still readable.
Each page of the logbook should be sequentially numbered, dated, and signed by the
field team member.
Time should be recorded in military time (24-hour clock).
For field sampling or data collection events documented in the logbook, entries
should include but not be limited to:
Name of author, date, and time of entry.
Name, company/agency affiliation, and responsibility of field team members.
Names, titles, and arrival/departure times of any site visitors.
Weather (e.g., temperature, cloud cover, humidity, wind).
Health and safety briefings, personal protection equipment (PPE) level, or
changes or issues encountered.
Calibration of field equipment.
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Description of task.
Sample or data collection method.
Number and volume of sample(s) taken.
Date and time of collection.
Sample identification number(s).
Information concerning sampling changes, scheduling modifications, and change
orders.
Details of sampling locations and visual observations of matrix sampled (e.g., soil
description, odors, discolorations).
Site sketch of sample locations.
Sample preservation.
Sample matrix.
Sample analysis to be performed.
Field observations.
Any field measurements made.
Decontamination procedures.
Documentation for investigation derived wastes (IDW) (e.g., contents and
approximate volume of waste, disposal method).
Documentation of any scope of work changes required by field conditions.
Description of photographs taken.

For oversight activities of consultants and contractors, entries should include, but not
be limited to:
Name of author, date, and time of entry.
Name, company/agency affiliation, and responsibility of field team members.
Oversight location and task.
Names, titles, and arrival/departure times of any site visitors.
Weather (e.g., temperature, cloud cover, humidity, wind).
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Arrival and departure times of oversight staff.
Observations of ongoing activities.
Compliance with or deviation from approved plans.
Details of sampling locations and visual observations of matrix sampled (e.g., soil
description, odors, discolorations).
Details of any split samples collected, including location, matrix, and field sample
IDs.
Description of photographs taken.

4.2

FIELD FORMS

Various field data collection forms may be used to streamline the documentation of field data.
Field forms may also be customized for large data collection efforts. If field data are recorded on
a field form, this data entry should be documented in the daily field logbook entry. Field form
data entry should be executed with the same quality standards as field logbook data entry. Entries
should be neatly written in black or blue ink and corrections made with single line strike-out and
initials. Original field forms should be submitted daily to the Project Manager and be
incorporated into the project file.
Examples of field forms that may be used for documenting field activities are summarized in the
following sections and included in the Sample Forms section at the end of this SOP.
4.2.1

Soil Boring Log

A Soil Boring Log for Direct Push Technology (e.g., Geoprobe) or hollow-stem auger split
spoon sampling (see Sample Forms section) may be completed when WESTON installs or
oversees the installation of a soil boring. Information documented on the Soil Boring Log will
include:
Sample depths.
Penetration/recoveries.
Analytical sample IDs.
Blow counts (if applicable).
Soil classification and lithological description.
Material origin (natural or fill).
Observed product, odor, or sheen.
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Instrument readings.
4.2.2

Well Construction Log

In the event that a borehole is completed as a groundwater monitoring well or piezometer, details
of the construction may be documented in a Well Construction Log (see Sample Forms section).
Information documented on the Well Construction Log includes:
Total well depth.
Well diameter.
Well construction materials.
Screen interval.
Construction details.
Graphic depiction of well construction.
4.2.3

Well Development

Development of a newly installed monitoring well or redevelopment of an existing monitoring
well may be documented on a Well Development Form (see Sample Forms section). Information
documented on the Well Development Form includes:

Well ID and construction details.
Purge rates.
Headspace readings.
Turbidity readings.
Field notes or observations.
4.2.4

Low Flow Groundwater Sampling Record

Low flow groundwater sampling will be documented on a Low Flow Groundwater Sampling
Record (see Sample Forms section). Information documented on the sampling record includes:

Well ID and construction details.
Times, purge rates, and parameter readings during purging.
Final parameter values.
Well condition survey.
Additional field notes or observations.
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4.2.5

Test Pit Log

A Test Pit Log (see Sample Forms section) may be used to record samples collected from test
pits, the nature of the soil within the test pit, water entry zones, and types of material observed.
4.2.6

Field Equipment Calibration Logs

Field Equipment Calibration Logs (see Sample Forms section) are used to document the
calibration and operation of each piece of montoring equipment used as part of an investigation
or for health and safety purposes.
All calibration information must be documented on calibration log, including the instrument
manufacturer, model number and identification number; standards used to calibrate the
instruments (including source, lot numbers and expiration dates); date; personnel; the instrument
readings, barometer reading, DO membrane inspection, changed DO membrane and solution,
etcetera. Each daily calibration log shall be dated and signed by the user.
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SAMPLE FORMS

GEOPROBE Soil Boring Log
Job Name

Boring No.

Job No.

Page ____ of ____

Location

Depth (Feet)

Geoprobe / Macrocore

Sample No.

Drill Foreman
PID
every 6"

Completion Depth

or inches)

Boring Method/ Sample Method

Drilling Co.
Recovery (%

Date Drilled

Logged By

Visual Description

4-ft

5-ft

Comments

_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_

Backfill Type: Cuttings Cuttings/Bentonite

Depth to Groundwater:
Monitoring Well Installed?

YES

Asphalt / Concrete

NO

Monitoring Well ID:
Location surveyed?

Yes

No

GPS Surveyor
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Other

Bentonite

Soil Logging Visual Descriptors
FORMAT: Moisture - Color - Soil Type (gradation) - Compactness/Consistency - Observations

EXAMPLE: Saturated brown medium SAND, little coarse gravel, trace silt, dense, odor.
Soil Type
clay
silt
sand

fine
medium
coarse

gravel

cobbles
boulders

fine
coarse

Descriptor
dry
moist
wet
saturated
> 0.19"

3-12"
> 12"

Gradation
"and"
"some"
"little"
"trace"

Moisture

%
35-50
20-35
10-20
0-10

Observations
staining
sheen
smearing
odor
product (residual or free)
other

Color
light brown
brown
dark brown
red
red-brown
tan
dark grey
light grey
olive grey
white
orange
yellow
green
black

Compactness (coarse-grained, non-plastic)
Descriptor
loose
medium dense
dense
very dense

Blow Counts
< 11
11-30
31-50
> 50

Consistency (fine-grained, some plasticity)
Descriptor
very soft
soft
medium
stiff
hard

Blow Counts
<3
3-5
6-15
16-25
> 25

thumbtip indent- easy
thumbtip indent- hard
thumbnail indent- easy
thumbnail indent- hard

Sorting (Native materials/native sands only)
Well-sorted
Poorly sorted

=
=

uniform grain size
mix of grain sizes

Upward-fining
Upward-coarsening

=
=

coarse grains at bottom of unit
fine grains at bottom of unit
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SPLIT SPOON Soil Boring Log
Job Name

Page ____ of ____
Sample Method

Driller:

Completion Depth
Recovery

Blow Counts
for each 6"

Drilling Co.:

PID
every 6"

Boring Method

Mud rotary

Air rotary

Spoon diameter
Boring diameter

2"

3"

ODEX

Hollow-stem auger

other _____
(fill in) __________

Sample No.

Job No.
Date Drilled:

Depth (Feet)

Logged By

Boring No.

Visual Description

Comments

_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_
__
_

Backfill Type:

Depth to Groundwater:
Monitoring Well Installed?

YES

Cuttings Cuttings/Bentonite
Asphalt / Concrete

NO

Monitoring Well ID:
Location surveyed?

Yes

No

GPS

Surveyor
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Other

Bentonite

Soil Logging Visual Descriptors
FORMAT: Moisture - Color - Soil Type (gradation) - Compactness/Consistency - Observations

EXAMPLE: Saturated brown medium SAND, little coarse gravel, trace silt, dense, odor.
Soil Type
clay
silt
sand

fine
medium
coarse

gravel

cobbles
boulders

fine
coarse

Descriptor
dry
moist
wet
saturated
> 0.19"

3-12"
> 12"

Gradation
"and"
"some"
"little"
"trace"

Moisture

%
35-50
20-35
10-20
0-10

Observations
staining
sheen
smearing
odor
product (residual or free)
other

Color
light brown
brown
dark brown
red
red-brown
tan
dark grey
light grey
olive grey
white
orange
yellow
green
black

Compactness (coarse-grained, non-plastic)
Descriptor
loose
medium dense
dense
very dense

Blow Counts
< 11
11-30
31-50
> 50

Consistency (fine-grained, some plasticity)
Descriptor
very soft
soft
medium
stiff
hard

Blow Counts
<3
3-5
6-15
16-25
> 25

thumbtip indent- easy
thumbtip indent- hard
thumbnail indent- easy
thumbnail indent- hard

Sorting (Native materials/native sands only)
Well-sorted
Poorly sorted

=
=

uniform grain size
mix of grain sizes

Upward-fining
Upward-coarsening

=
=

coarse grains at bottom of unit
fine grains at bottom of unit
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WELL CONSTRUCTION LOG
Project:

Sheet 1 of
Drilling Method:

Client:

Total Well Depth:

Date(s) Drilled:

Ground Elevation:

Drilling Contractor:

Overburden Thickness:

Drill Rig:

Well Construction:

Drill Foreman:

Static Water Depth:

Logged by:

Depth to Groundwater:

Depth
(ft bgs)

Graphic Log

Features

Well ID:

Descriptive Log

Remarks

_
_
_
_
5__
_
_
_
_
10__
_
_
_
_
15__
_
_
_
_
20__
_
_
_
_
25__
_
_
_
_
30__
_
_
_
_
35__
_
_
_
_
40__
_
_
_
_
45__
_
_
_
_
50
Legend: F-Fracture, C-Contact, M-Mineralized Zone, WX-Weathered Zone

Page 1 of 1 Construction Log.xlsx
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TEST PIT LOG
Project Name:
Project Number:
Project Manager:
Location:
Test Pit ID:
Logged By:
Contractor:
Remarks:

Date Excavated:
Equipment Used:
Total Depth:

Geologic
Unit

Sample
Interval

Sample I.D.

Field
Screening
Result

Depth
(inches)

Dimensions:
Water Table:
Ground Surface Elev.:
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Material Description

9/28/2009

Well Development Information

WELL ID: _____________________________

Site Name: ___________________________

Date: ________________________________

Field Personnel: _______________________

Weather: _____________________________

(Page 1 of 2)

Stickup or Flush Mount (circle one)
Measuring Point: _________________________
WELL TOTAL DEPTH: __________________________
DEPTH TO WATER: ____________________________
WATER COLUMN: _____________________________
WELL DIAMETER FACTOR: _____________________
(1.5”=0.1, 2”=0.16, 4”=0.65, 5.75”=1.35, 6”=1.47, 8”=2.51)

ONE WELL VOLUME: __________________________
PURGE METHOD: _____________________________
ACTUAL VOLUME PURGED: ____________________

PURGE DATA
TIME

Water Level

Purge Rate

Headspace

Turbidity

(ft bmp)

(lpm or gpm)

(ppm)

(y/n)

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________
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Well Development Information
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WELL ID: _____________________________

PURGE DATA (Continued)
TIME

Water Level

Purge Rate

Headspace

Turbidity

(ft bmp)

(lpm or gpm)

(ppm)

(y/n)

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

________

Notes:
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________

2
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Water
CUM.
Depth
PURGE VOLUME
Below MP RATE
PURGED
(ft)
(mL/min)
(L)
TEMP
(°C)
(3%)

Steel Casing
TOC
Stick-up

(°C)
(uS/cm)
(S.U.)

SP COND
(uS/cmc )¹
(3%)

(FT)

(MV)
(mg/L)
(NTU)

ORP/Eh²
DO
(MV)
(mg/L)
(+/-10) (10%)

WELL DEPTH
Turb
(NTU)
(10%)

Well Diameter

COMMENTS

(FT)

SAMPLE TIME:

WELL ID

9/28/2009

TOTAL DEPTH OF WELL:_______________________________

COMMENTS:

PURGING DEVICE:

Page 1 of 2

ORP:
DO:
TURBIDITIY:

pH
(s.u)
(+/-0.1)

X:\FNOD\NRB\Supplemental RI FSP\FSP SOPs\General\SOPG-1_Form 4 Low Flow Sampling.XLS

WEATHER CONDITIONS:

ODOR AND PHYSICAL APPEARANCE OF SAMPLE:

1. uSiemens per cm (same as umhos/cm) at 25C
2. Oxidation reduction potential (stand in for Eh)
FINAL FIELD DATA
TEMPERATURE:
SPECIFIC CONDUCTANCE:
pH:

CLOCK
TIME
(24 HR)

INITIAL DEPTH TO WATER

WELL COMPLETION (CIRCLE):

PVC
TIC
Flush

DATE:

SAMPLING CREW

PURGING DATA
REFERENCE POINT (CIRCLE):

PROJECT #

PROJECT NAME
LOCATION

WESTON LOW FLOW GROUNDWATER SAMPLING RECORD

Y
Y
Y

N
N
N

Y
Y

Date:

Page 2 of 2

Concrete Pad Present:
Standing Water:
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SAMPLER'S SIGNATURE:

Field Notes/Observations:

Protective Casing Present:
Protective Casing Locked:
Physical Damage:
If yes, Describe:

WELL CONDITION DATA

PROJECT NAME

N
N

Cap on Riser:
Visible Heaving:

WESTON LOW FLOW GROUNDWATER SAMPLING RECORD

Y
Y

N
N

WELL ID

9/28/2009

Water Quality Parameter Worksheet for Drinking Water Samples
Sample ID

Date

Time
24 Hour

Comments/Observations:

Temp
0

C

Specific
Conductivity

DO

uS/cm

mg/l

pH
Unit

ORP
mv

INSTRUMENT CALIBRATION/MAINTENANCE LOG
Date:

Field Personnel:

Time:

Meter: (circle one) YSI: Model 600XL, Model 6820 QED: Model MP 20 Multimeter Serial Number:
Rental Company:
Probe Pre-cleaned Certification Provided By: Personnel

Date:

Temperature Calibration: Personnel:

Date:

Manufactures Accuracy Range of Sensor (i.e. +/- 0.15˚C):

Temperature check results:

Beginning of Day Instrument Calibration
Multimeter Calibration
DO (% saturation)

Value of
Standard

Check as
Completed

Lot #

Expiration
Date

100%

Allow time for stabilization per manufacture

DO mg/L reading

Record these values immediately after calibration

DO Temp. (˚C) reading

pH 1st Standard

7

2nd Standard

4

3rd Standard

10

Specific Conductance

Comments

(µS/cm)

Identify standard used to calibrate (447 or 718 µS/cm)

ORP using Zobell Solution

See Chart on Page 2 for ORP Zobell Solution mV Value
Based on Temperature

Zobell Solution _______ ˚C

Additional Information for Dissolved Oxygen Calibration
Barometric Pressure Check: NWS Barometer Location: _________________________ Personnel ____________________________Date: _________
NWS Pressure: ________ mm Hg

Original Hand-held Barometer Pressure _______ mm Hg

Barometric Pressure of Meter or Hand Held Barometer : ____________ mm Hg

Adjusted to NWS Pressure (circle one) YES or NO

[BP inches _______ x 25.4 + BP ________ mm Hg]

Dissolved Oxygen Charge : __________ (Acceptable Range: 25 to 75) You MUST change the membrane if charge is out of range.

Inspected DO membrane for nicks or bubbles (check as completed) _______

Personnel:______________________________________

Changed Dissolved Oxygen Membrane and Electrolyte Solution (circle one)

HACH 2100P Turbidimeter
Calibration

Value of
Standard

Turbidity 1st Standard (blank)

<0.1 NTU

2nd Standard

20 NTU

3rd Standard

100 NTU

4th Standard

800 NTU

Check as
Completed

Lot #

YES or NO

Expiration
Date

Comments
Calibrate w/ StablCal® Formazin Primary Turbidity Standards

Rental Company:

HACH Serial Number:

Thermo OVM 580B PID

Value of
Standard

Zero Air

0.0 ppm

Span Gas

100 ppm

Check as
Completed

Thermo Serial Number:

Lot #

Expiration
Date

Comments

Rental Company:

Post A.M. Calibration Check
Date:

Personnel:

Time:

Calibration Check
Zero DO check (mg/l)

0

0.0-0.5 mg/L

pH 7 check

7

+/- 5%

Range 6.65 - 7.35 pH

1413

+/- 5%

Range 1342 - 1484 µS/cm (1413)

+/- 5%

See Chart on Page 2 for Range

100
20

+/- 2.5%

Specific Conductance (µS/cm)

Check
Results

Acceptable
Range

Within
Range
(yes/no)

Value of
Standard

Lot #

Expiration
Date

Comments

Higher standard used for check
ORP check - Zobell (mV)
Thermo OVM 580B
Turbidity 2nd Standard (NTU)
Notes:

+/- 5%

Range 19.0 - 21.0 NTU

1.) NWS = National Weather Service
2.) If the post calibration check is not within the acceptable range the meter must be recalibrated.
3.) All calibration checks must be made in the run mode, not the calibration mode.

Calibration & Post Calibration Check Performed by: ________________________________(Print)__________________________________ (Sign)
Page 1 of 2

END OF DAY INSTRUMENT CALIBRATION CHECK
Value of
Standard

Calibration Check
Date:

Time:

Check
Results

Acceptable
Range

Within
Range
(yes/no)

Lot #

Expiration
Date

Comments

Personnel:

Zero DO check (mg/L)

0

0.0-0.5 mg/L

pH 7 check

7

+/- 5%

Range 6.65 - 7.35 pH

1413

+/- 5%

Range 1342 - 1484 µS/cm (1413)

+/- 5%

See Chart Below for Range

100
20

+/- 2.5%

Specific Conductance (µS/cm)
Higher standard used for check
ORP check - Zobell (mV)
Thermo OVM 580B
Turbidity 2nd Standard (NTU)

Range 19.0 - 21.0 NTU

+/- 5%

Notes:
1.) If the end of the day calibration check is not within the acceptable range the data collected that day for that parameter shall be qualified in it's use.
2.) All calibration checks must be made in the run mode, not the calibration mode.

Calibration Check by ___________________________________
Print Name

________________________________________
Signature

List wells sampled using this equipment on this day if data needs to be qualified

Zobell Solution mV Value Based on Temperature for ORP Calibration
Calibration Check Range Values (+/- 5%)
Calibration
ORP
Check
Zobell
ORP
Range
Solution
Zobell
Values
mV
Solution
+/- 5%
Temp. ºC
Value
Temp. ºC mV Value

Calibration
Check Range
ORP Zobell
Values
Solution mV
+/- 5%
Temp. ºC
Value

Calibration Check
Range Values
+/- 5%

-3

267

254-280

10

251

238-264

23

234

222-246

-2

266

253-279

11

249

237-261

24

232

220-244

-1

265

252-278

12

248

236-260

25

231

219-243

0

264

251-277

13

247

235-259

26

230

219-242

1

262

249-275

14

245

233-257

27

228

217-239

2

261

248-274

15

244

232-256

28

227

216-238

3

260

247-273

16

243

231-255

29

226

215-237

4

258

245-271

17

241

229-253

30

225

214-236

5

257

244-270

18

240

228-252

31

223

212-234

6

256

243-269

19

239

227-251

32

222

211-233

7

254

241-267

20

238

226-250

33

221

210-232

8

253

240-266

21

236

224-248

34

219

208-230

9

252

239-265

22

235

223-247

35

218

207-229
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STANDARD OPERATING PROCEDURE G-4
QUALITY ASSURANCE/QUALITY CONTROL SAMPLING
1.

SCOPE AND APPLICATION

Quality assurance/quality control (QA/QC) measures are those activities undertaken to
demonstrate the accuracy (how close to the true value the results are) and precision (how
reproducible the results are) in monitoring. Quality assurance generally refers to a broad plan for
maintaining quality in all aspects of a program. Quality control consists of the steps taken to
determine the validity of specific sampling and analytical procedures. Quality assessment is the
assessment of the overall precision and accuracy of the data, after it is analyzed.

2.

EQUIPMENT

American Society for Testing and Materials (ASTM) Type II reagent-grade water

3.

RELATED PROCEDURES

SOPG-1
SOP G-3
SOP G-8
SOP G-9

Field Documentation
Field Sampling Numbering
Sample Chain-of-Custody
Sample Packing and Shipping

4.

PROCEDURES

4.1

FIELD DUPLICATES

For each sampling round, one duplicate sample will be collected at a frequency of one for every
10 routine samples. Solid samples collected for VOCS or 1,4-dioxane will be collected at a
frequency of one for every 10 routine samples.
Field duplicate sample will be taken at the rates indicated above, or one per sampling trip for each media
sampled, if fewer samples are collected then the indicated frequency on that particular trip.

These

duplicate samples are taken immediately following the collection of the samples. They are

G:\PROJECTS\20118002\AppendixD\General SOPs\G-4.doc
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intended to duplicate the routine sample collected. Soil duplicates from split-spoons will be
collected by splitting the soil in the spoon lengthwise and dividing the soil into the standard and
duplicate containers. Soil and sediment field duplicate samples for organics other than volatiles
are thoroughly homogenized and then transferred into their appropriate sample containers before
shipment to the analytical laboratory. A note needs to be made in the appropriate field logbook
indicating that a duplicate sample was collected, and describing how it was collected. Duplicates
will be handled in the same manner as all other samples.
SOP G-3, Field Sample Numbering, identifies the numbering scheme.
4.2

EQUIPMENT BLANKS

If non-dedicated equipment is used, an equipment blank will be collected at a frequency of once
per day during equipment use duration, per equipment type, per matrix, and per parameter. One
equipment blank will be collected per day for each dedicated equipment type used. This is
conducted to determine the effectiveness of decontamination practices. Equipment blank samples
are collected as follows:
Sample bottles for equipment blanks are of the same type as routine sample bottles
and will be prepared prior to sampling.
Pour ASTM Type II reagent-grade water over and/or into the decontaminated
sampling equipment. Then pour the water from the sampling equipment into the
equipment blank sample jars.
After all bottles are filled, label the sampling equipment with the associated routine
sample ID number and use that sampling equipment to collect the environmental
sample at that particular sampling location.
Note in the field logbook that an equipment blank was collected for that particular
sampling location.
Once collected, handle equipment blank samples in the same manner as routine samples.
4.3

TRIP BLANKS

The purpose of a trip blank sample is to determine whether factors during transport may have
affected the sample quality of volatile organic compounds (VOCs).

G:\PROJECTS\20118002\AppendixD\General SOPs\G-4.doc
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A trip blank prepared in the laboratory or field consists of two VOC sample bottles filled with
ASTM Type II reagent-grade water. Trip blanks will be obtained the morning prior to sampling
and will accompany the associated routine sample bottles in the same cooler. When the day of
sampling is completed, the trip blanks will be handled in the same manner as routine samples
and returned to the laboratory. There shall be one set each of the appropriately preserved trip
blanks per VOC sample cooler. (Various trip blanks require various preservatives.) A note
should be made in the field logbook that a trip blank accompanied the particular samples.
4.4

MS/MSD SAMPLES

Matrix spike/matrix spike duplicate (MS/MSD) samples are collected for the laboratory to
perform internal QC checks. The MS/MSD sampling involves collection of triple the volume of
a routine surface water or groundwater sample. No additional volume is required for soil. The
MS/MSD samples are collected at a rate of 1 for every 20 samples. They are collected as
separate samples immediately after the collection of the routine samples for the same parameter.
The sample collection procedure is as follows:
Additional bottles will be prepared the first day so the sampling teams will be ready
to sample. For example, a routine sample for polychlorinated biphenyls (PCBs)
requires two 1-liter amber glass bottles. An MS/MSD sample for PCBs requires six
1-liter amber glass bottles.
Note in the field logbook that an MS/MSD sample was collected at that particular
location. Once collected, handle samples in the same manner as routine samples.
The MS/MSD samples are identified using the standard nomenclature as outlined in SOP G-3,
with the designation of MS/MSD on the chain-of-custody form and on the sample containers.
Chain-of-custody procedures are presented in SOP G-8.
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STANDARD OPERATING PROCEDURE G-5
FIELD FILTRATION
1.

SCOPE AND APPLICATION

This Standard Operating Procedure (SOP) outlines techniques for the filtration of liquid media
(i.e., groundwater, surface water, and potable water). There are two general methodologies for
liquid filtration, (1) in-line filtration, where the filter assembly is under positive pressure, and (2)
vacuum filtration, where the filter assembly is under negative pressure. This procedure will
address only in-line filtration. Filtration of aqueous samples is performed when the removal of silt,
algae, particulate, and other debris is desired. Filtration is employed predominantly when water
samples are to be tested for dissolved metals. Filtered samples for metals (dissolved fraction) and
other strongly sorbed contaminants such as polychlorinated biphenyls (PCBs) should be analyzed
in conjunction with non-filtered samples to determine the concentration in solution versus metals
associated with solids.
Because most filtration will be for
PCBs, these instructions assume a filter pore size of 0.45 micrometer (µm). Analytical methods
used to determine dissolved contaminant concentrations have historically used 0.45-µm filters to
separate dissolved and particulate phases. Filters less than 0.45 µm may be necessary in certain
circumstances.

2.

EQUIPMENT

See Sections 4.1.1 and 4.1.2.

3.

RELATED PROCEDURES

SOP G-1
SOP G-6

Field Documentation
Decontamination

Page 1 of 3
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4.

PROCEDURE

4.1

POSITIVE PRESSURE FILTRATION

Aqueous samples that may require positive pressure filtration include groundwater samples,
surface water samples, and potable water supply samples. To filter an aqueous sample using the
positive pressure technique, a pump, filter, and tubing are required. The following are examples of
equipment that may be used for positive pressure in-line filtration. Positive pressure filtration is the
preferred filtering method.
4.1.1

Pump

Pump System
High Flow Range: 3 - 2,300 milliliters per minute (mL/min)
Low Flow Range: 06 - 460 mL/min
System Flow Control: ± 10%
4.1.2

Filter Assembly

Groundwater Sampling Capsule
0.45-µm Pore Size
¼-inch to ½-inch Tapered Barb Fitting
Continuous Use Pressure: 60 pounds per square inch (psi) @ Ambient
Maximum Momentary Pressure: 100 psi @ Ambient
4.1.3

Filtration Procedure
Use polytetrafluoroethylene (PTFE) tubing for pump and filter connections.
Connect the 0.45-µm in-line filter to the discharge tubing from the pump. Ensure that
the flow arrow on the filter is pointing in the correct direction.
Place the pump into the water body (e.g., groundwater, surface water) to be sampled.
This placement of the pump will prevent the water from coming into contact with the
atmosphere, which might cause the dissolved metals to precipitate out, thus biasing the
water body surface.
Apply pressure to the liquid sample (via pump) to force it through the filter to rinse the
filter with the sample water before the sample is collected to saturate the filter and flush
out any dust, particles, etc.
Apply pressure to the liquid sample (via pump) to force it through the filter in to a
sample container.
Page 2 of 3
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Replace the in-line filter when the flow becomes too restricted because of buildup on
the filter. To replace the filter:
Discontinue pumping (turn off pump).
Relieve the pressure in the system (line between the pump and the filter).
Disconnect the filter and replace with a new one.
4.2

EQUIPMENT BLANKS

An equipment blank should be collected on one of the filters prior to the sampling event to ensure
the filter itself is free of the contaminants that the samples are being analyzed for. This may be
taken at a rate of one per lot number, case, etc. This is conducted to determine the effectiveness of
decontamination practices. Equipment blank samples are collected as follows:
Sample bottles for equipment blanks are of the same type as routine sample bottles and
will be prepared prior to sampling.
Pump ASTM Type II reagent-grade water through the filtering apparatus and directly
into the equipment blank sample jars.
Note in the field logbook that an equipment blank was collected for the filtering
apparatus and at what frequency (lot number, case, etc).
Once collected, handle equipment blank samples in the same manner as routine samples.

5.

POTENTIAL PROBLEMS

One inherent problem associated with the filtration of aqueous environmental samples is the filter
becoming clogged. The following are some considerations regarding liquid filtration:
Always have extra filters available at the sampling site.
Pre-filter dirty samples with a larger pore size filter.
For highly turbid samples, a negative filtration system may be more efficient.
When the filtrate flow becomes too slow because of filter loading, change the filter.
Avoid increasing the pressure and rupturing the filter membrane.
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STANDARD OPERATING PROCEDURE G-6
DECONTAMINATION

1.

SCOPE AND APPLICATION

All personnel or equipment involved in intrusive sampling or entering an area during intrusive
sampling must be thoroughly decontaminated prior to sampling and prior to leaving the site to
minimize the spread of contamination and prevent adverse health effects. This Standard
Operating Procedure (SOP) describes the normal decontamination of sampling and site
equipment. To minimize the possibility of cross-contamination of samples (contamination of a
sample by chemicals picked up at another area and transferred to an analytical sample by
sampling or drilling equipment), proper decontamination procedures must be followed
consistently.
Generally, solvents are used to remove organic compounds, such as volatile organic compounds
(VOCs) and polychlorinated biphenyls (PCBs); nitric acid is used to remove residual metals; and
detergent wash and/or steam cleaning are used to remove gross contamination and soil. All
material and equipment should arrive intact and in clean condition. Recommended procedures
for equipment decontamination during drilling, test pit operations, sampling, and other field
investigation procedures are described in the following sections.

2.

EQUIPMENT
Plastic sheeting, buckets, etc. to collect wash water and rinsates
Approved potable water
Deionized (DI) water
Medical-grade isopropanol or equivalent
Reagent grade 0.10N nitric acid
Non-phosphate laboratory detergent (Liquinox)
Aluminum foil or clean plastic sheeting
Pressure spraying, rinse bottles, brushes
Plastic garbage bags
0.01N hydrogen chloride (HCl)
Hexane and/or hexane wipes
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3.

RELATED PROCEDURES

G-7 Management of Investigation Derived Waste (IDW)

4.

PROCEDURE

4.1

SAMPLE BOTTLES

At the completion of each sampling activity, the exterior surfaces of the sample bottles must be
decontaminated as follows:
Be sure the bottle lids are on tight.
Wipe the outside of the bottle with a paper towel to remove gross contamination.
4.2

SOIL SAMPLING EQUIPMENT

Sampling equipment that will be used includes materials such as stainless steel bowls, trowels,
scoops, and split-spoons. Equipment to be used during sampling will be decontaminated at a
centralized decontamination area site at which the equipment is being used. All sampling
equipment will be decontaminated after use to prevent cross-contamination between sampling
points. Decontaminated equipment will then be wrapped in aluminum foil with the shiny side
facing out. No sampling debris will be left on any site.
The procedure for decontaminating sampling equipment is as follows:
Place dirty equipment on a plastic ground sheet at the head of the decontamination
line.
Rinse equipment with potable water to remove surface dirt and mud if necessary.
Scrub equipment with a bristle brush using a non-phosphate detergent (e.g., Liquinox)
and potable water. To clean the inside of a bailer, use a bottlebrush pulled through the
bailer with a polypropylene cord.
Rinse off soap with potable water.
Using a squirt bottle, rinse with 10% ultrapure nitric acid (use 1% nitric acid for
metallic sampling materials) if equipment will be used for the collection of metals
samples. Collect nitric acid rinsate in a tub or bucket.
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Rinse with American Society for Testing and Materials (ASTM) Type II
reagent-grade water.
For equipment used to collect samples analyzed for semi-volatile organics, rinse with
hexane Collect hexane rinsate in a tub or bucket separate from the nitric acid rinsate.
Rinse with American Society for Testing and Materials (ASTM) Type II
reagent-grade water.
For equipment used to collect samples analyzed for organics, rinse with
medical-grade isopropanol or equivalent. Collect solvent rinsate in a tub or bucket
separate from the nitric acid rinsate.
Rinse with ASTM Type II reagent-grade water.
Allow equipment to air dry.
Wrap equipment with aluminum foil (shiny side facing out).
Sampling equipment used to collect samples for organic analyses will not be allowed
to contact any type of plastic after decontamination.
Equipment that cannot be washed and rinsed (e.g., PID) should be covered with a
plastic bag while sampling, with only the probe tip exposed.
At the end of the decontamination procedures, the proper disposal of the decontamination liquids
will include the following steps:
Discharge potable water in the decontamination area.
Rinse soapy washtub in the decontamination area only.
Dilute the detergent wash water and discharge it in the decontamination area.
Overturn tubs to allow them to drain.
Rinse tub bottoms and stack tubs for future use.
The isopropanol, nitric acid, and DI rinse should be placed in a designated 55-gallon
drum or other designated container for future characterization and disposal.
4.3

DRILLING EQUIPMENT

Drilling rigs will arrive on-site in clean condition and will be inspected by a WESTON geologist.
After arrival at the site, all equipment, tools, and tool storage areas that will be used in the
drilling, sampling, and completion of the soil borings and monitor wells will be steam cleaned
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before initiating drilling at any site to remove road dirt. The frequency and procedures for
decontamination of drilling equipment are as follows:

The drill rig and all equipment will be steam cleaned when they are moved to new
sites, or more often if required by WESTON.
The drill rig (i.e., deck derrick and undercarriage) will not be steam cleaned between
soil borings and wells at the same site unless gross contamination is present on the rig
that could fall off and enter subsequent boreholes. It is very important during this
initial decontamination of the rig to check the threads of the drilling rods and drilling
bits for grease, and to remove it (with a wire brush and Liquinox detergent) if it is
present. The only allowable "lubricant" on the threads is Teflon tape.
The surfaces of the drilling equipment, including drill rods, augers, bits, and
associated tools (including any tape measures), will be decontaminated at a central
site-specific decontamination area using the following procedures:
Remove gross amounts of mud/soil using a shovel, wire brush, or other tools.
Transport drill rig and tools to site decontamination area.
Steam clean the equipment thoroughly, using a brush to remove any particulate
matter or surface film. If the equipment is still not clean, proceed to the following
steps. Otherwise allow the equipment to air dry.
If necessary, use a brush and a phosphate-free detergent/potable water solution to
scrub the drilling tools that may enter a subsequent borehole. Use a brush to
remove any clinging soil or surface film. If the soil/mud on the tools can be easily
removed by steam cleaning, this step can be skipped.
Rinse the equipment thoroughly with potable water and allow it to air dry.
Drill rods and manmade well construction materials will be decontaminated on a
steel rack (one set per rig on-site), provided by the driller, that keeps the piping 2
or 3 feet above the ground. Precautions should then be taken, by using plastic
sheeting, to ensure that decontaminated casing, augers, and other equipment do
not come into contact with the ground and that the storage areas on the drill rig or
tender are clean.
At the decontamination site, it may be necessary to fill out properly a Hot Work
Permit, depending on the type of steam generator present.
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During split-spoon sampling, subcontractor personnel may be required to help
decontaminate the used split-spoons by performing the initial gross cleaning of the
split-spoon using a Liquinox (or equivalent) solution and scrub brushes. WESTON
personnel will supervise the initial cleaning and then complete the balance of the
decontamination procedures. If, because of sample preparation or description
activities, the on-site WESTON personnel are unable to complete the decontamination in
a timely manner and subcontractor personnel are waiting for split-spoons, standby
charges will not be incurred. It will be the responsibility of the subcontractor personnel to
complete the split-spoon decontamination, including solvent rinse, under WESTON
supervision.
4.4

BACKHOE

If a backhoe is being used to excavate test pits in contaminated soil, or if analytical soil samples
are to be collected from test pits, the following decontamination procedures should be followed:

Prior to excavation of any test pit and between test pits, steam clean the backhoe
bucket and arm using a non-phosphate detergent (i.e., Liquinox/potable water
solution).
Rinse the detergent solution from the backhoe bucket and arm by steam cleaning with
potable water.
4.5

FIELD PARAMETER EQUIPMENT
Water level indicator probes and, at a minimum, the length of tape used in that
location shall be decontaminated after each monitoring location by flushing with
ASTM Type II reagent-grade water prior to and after each use. If floating product or
high levels of organic contamination are evident, or known to exist in a well, the full
sampling decontamination procedure outlined in Subsection 4.2 will be employed.
Water quality instrument probes will be flushed with ASTM Type II reagent-grade
water between measurements. No solvents will be used to clean these probes.
Turbidimeter sample vials will be wiped dry after being filled with a sample and prior
to insertion into the turbidimeter. After the measurement is taken, the sample vial and
the turbidimeter will be flushed with ASTM Type II reagent-grade water.
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4.6

SUBMERSIBLE PUMP

All submersible pumps used for sampling or for well development will be decontaminated after
use to prevent cross-contamination between wells. The procedure for decontaminating submersible
pumps is as follows:

Scrub pump and cord in a tub of Liquinox and potable water.
Pump (or recirculate) at least 20 gallons of the soapy water through the pump.
Rinse with potable water.
Pump (or recirculate) at least 20 gallons of rinse water through the pump.
Rinse with DI water.
Place pump in a decontaminated, plastic garbage can, or wrap it in clean plastic.
After decontamination, the proper disposal of the decontamination liquids includes the following
steps:
Drain wash water and rinse in decontamination area.
Rinse decontamination containers with potable water.
Allow containers to dry overnight
4.7

BLADDER PUMP

All bladder pumps used for sampling or for well development will be decontaminated after use
to prevent cross-contamination between wells. The procedure for decontaminating bladder
pumps is as follows:
Disassemble pump according to the manufacturer’s instructions and remove and
discard bladder.
Scrub pump and cable in a tub of Liquinox and potable water.
Rinse with potable water.
Rinse with DI water.
Place pump in a decontaminated, plastic garbage can, or wrap it in clean plastic.
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After decontamination, the proper disposal of the decontamination liquids includes the following
steps:
Drain wash water and rinse in decontamination area.
Rinse decontamination containers with potable water.
Allow containers to dry overnight
4.8

EQUIPMENT FOR GAUGING/SAMPLING DRINKING WATER
SUPPLY WELLS

For sampling-related activities at residential drinking water supply wells and bacteria sampling,
all equipment shall be decontaminated prior to use. All sanitized monitoring equipment should
be bagged (if possible) and kept in a dry, sanitized storage area, and not allowed to come into
direct contact with the ground surface or any other un-sanitized object before placing the
equipment in the well. Refer to the NHDES Fact Sheets WD-DWGB-22-24, Sanitary Practices for
Monitoring Water Levels in Drinking Water Supply Wells and WD-DWGB-4-11 Disinfecting a Private
Well (WD-WSEB-4-11) for guidance regarding sanitary practices as well as for well disinfection The

following decontamination procedure should be followed:
Perform routine decontamination per previous subsections.
Sanitize downhole equipment with chlorine bleach (sodium hypochlorite) applied
using a low pressure sprayer.
Rinse with clean DI water.
Place pump in a clean, plastic bag.
4.9

EQUIPMENT BLANKS

An equipment blank will be collected at a frequency of once per day during equipment use
duration, per equipment type, per matrix, and per parameter. This is conducted to determine the
effectiveness of decontamination practices. Equipment blank samples are collected as follows:
Sample bottles for equipment blanks are of the same type as routine sample bottles
and will be prepared prior to sampling.
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Pour ASTM Type II reagent-grade water over and/or into the decontaminated
sampling equipment. Then pour the water from the sampling equipment into the
equipment blank sample jars.
After all bottles are filled, label the sampling equipment with the associated routine
sample ID number and use that sampling equipment to collect the environmental
sample at that particular sampling location.
Note in the field logbook that an equipment blank was collected for that particular
sampling location.
Once collected, handle equipment blank samples in the same manner as routine samples.
If an equipment blank is analyzed and found to contain a contaminant, possible sources of error
will have to be investigated to determine whether or not the decontamination procedures were
properly followed. Possible sources of error include: inadequate scrubbing/ washing/ rinsing of
equipment; inadequate choice of chemical rinses; use of contaminated detergents or rinse waters;
contact with contaminants after decontamination but prior to sampling, and/or, lab error. Based
on the evaluation, steps will be taken to remedy the error.

5.

PRECAUTIONS
Dispose of all wash water, rinse water, rinsates, and other sampling wastes (e.g.,
tubing, plastic sheeting) in properly marked, sealable containers, or as directed.
Once a piece of equipment has been decontaminated, be careful to keep it in such
condition until needed.
Follow the health and safety plan in regard to personal protective equipment (PPE),
especially with regard to eye protection and gloves.

6.

BIBLIOGRAPHY

ASTM Standard D5088. 2008. "Standard Practice for Decontamination of Field Equipment Used
at Nonradioactive Waste Sites." ASTM International, West Conshohocken, PA. 2008, DOI:
10.1520/D5088-02R08. www.astm.org.
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STANDARD OPERATING PROCEDURE G-8
SAMPLE CHAIN-OF-CUSTODY
1.

SCOPE AND APPLICATION

Chain-of-custody (COC) records provide documentation of the handling of each sample. Sample
custody will be initiated by WESTON upon collection of samples and maintained until samples
are relinquished to the shipping carrier for delivery to the laboratory. The COC forms will be
placed in waterproof plastic bags and taped to the inside lid of the cooler. The cooler will be sealed
with COC seals if required in the site-specific SAP/QAPP.” COC (or Custody) seals may not be
necessary in all cases. The COC forms will be used for recording pertinent information about the

types and numbers of samples collected and shipped for analysis. Sample identification numbers
will be included on the COC form to ensure that no error in identification is made during
shipment.

2.

EQUIPMENT
COC forms
Waterproof plastic resealable bags
COC seals
Labels
Pen
Markers
Tape
Scissors

3.

RELATED PROCEDURES

SOP G-1
SOP G-3
SOP G-9

4.
4.1

Field Documentation
Field Sample Numbering
Sample Packing and Shipping

DOCUMENTATION
CHAIN-OF-CUSTODY RECORDS

The COC procedures provide documentation of the handling of each sample. The COC
procedures are implemented so that a record of sample collection, transfer of samples between
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personnel, sample shipping, and receipt by the laboratory that will analyze the sample is
maintained. The COC record serves as a legal record of possession of the sample. The COC
record is initiated with the acquisition of the sample. The COC record remains with the sample at
all times and bears the name of the person (field investigator) assuming responsibility for the
samples. The field investigator is tasked with ensuring secure and appropriate handling of the
bottles and samples. Unused sample containers should also never be left unattended to ensure that they
haven’t been tampered with. To simplify the COC record and eliminate potential litigation

problems, as few people as possible should handle the sample or physical evidence during the
investigation. A sample is considered to be under custody if one or more of the following criteria
are met:
The sample is in the sampler’s possession.
The sample is in the sampler’s view after being in possession.
The sample was in the sampler’s possession and then was locked up to prevent
tampering.
The sample is in a designated secure area.
4.1.1

Transfer of Custody and Shipment

All sample sets should be accompanied by a COC record (Figure 1). This form records each
sample and the individuals responsible for sample collection, transfer, shipment, and receipt by
the laboratory. The form must also contain pertinent information about the sampling location,
date, and times, signature of sampling technician, types and numbers of samples collected and
shipped for analysis in each lot, the sample preservation, and the project name.
Samples shall be accompanied by an approved and completed COC form during each step of
custody, transfer, and shipment. When physical possession of samples is transferred, both the
individual relinquishing the samples and the individual receiving the samples should sign, date,
and note the time that he/she received the samples on the COC record. This COC record
documents transfer of custody of samples from the field investigator to another person, other
laboratories, or other organizational units.

Samples sent off-site for analysis must be properly packaged for shipment, and delivered or
shipped to the designated laboratory for analyses. Shipping containers must be secured by using
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nylon strapping tape and custody seals (see Subsection 4.2). The custody seals must be placed on
the container so that it cannot be opened without breaking the seals. The seal must be signed and
dated by the field investigator.
When previously collected samples are split with a facility, state regulatory agency, or other
government agency, the agency representative must sign the COC record, if present. All samples
should be accompanied by a COC record. The original of the COC record will be placed in a
plastic bag taped to the inside lid of the secured shipping container and transmitted to the
laboratory along with the samples. One copy of the record will be retained by the field
investigator or project leader. This copy will become a part of the project file. If sent by mail, the
package should be registered with return receipt requested. If sent by common carrier, an air bill
should be used. Receipts from post offices and air bills should be retained. The air bill number or
registered mail serial number should be recorded in the remarks section of the COC record.
4.2

CHAIN-OF-CUSTODY SEALS

The COC seal is an adhesive seal placed in areas such that if a sealed container is opened, the
seal would be broken (Figure 2). The COC seal ensures that no sample tampering occurred
between the field and the laboratory analysis. The cooler will be sealed with COC seals if
required in the site-specific SAP/QAPP.” COC (or Custody) seals may not be necessary in all
cases.
These signed and dated seals will be placed at the junction between the lid and the jar and on the
cooler by the person responsible for packaging. If the coolers or jars are opened before receipt at
the laboratory, the seals will not be intact. If the COC seals are not intact, the Laboratory Project
Manager will notify the WESTON Analytical Manager within 24 hours of receipt of the
container. The WESTON Analytical Manager will then follow the corrective action procedures.

Figure 2 Chain-of-Custody Seal
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4.3

SAMPLE LABELS

Every sample container will receive a label. Labels (Figure 3) will be completed using
waterproof ink and will include the following information:

Project name.
Unique sample number.
Sampling date and time.
Initials of sampler.
Sample media (soil, groundwater, etc.).
Sample collection method (grab or filtered/unfiltered for groundwater).
Analysis requested/chemical analysis parameters (analytes and EPA method number).
Method of sample preservation/conditioning.
Remarks (such as photoionization detector readings) are useful.

PROJECT NAME
SAMPLE ID

SAMPLE DATE

SAMPLED BY

SAMPLE TIME

SAMPLE MEDIA

REMARKS

PRESERVATIVE

____GRAB
____ COMPOSITE

ANALYSIS REQUESTED

Figure 3 Jar/Bottle Label

4.4

POTENTIAL PROBLEMS

Although most sample labels are made with water-resistant paper and are filled out using
waterproof ink, inclement weather, and general field conditions can affect the legibility of
sample labels. It is recommended that, after sample labels are filled out and affixed to the sample
container, the container be placed in a plastic resealable bag. This will preserve the label, keep it
from becoming illegible, and if the label falls off, the identification of the sample will still be
known. In addition to label protection, COC and analysis request forms should also be protected
when samples are shipped in iced coolers. Typically, these forms should be placed inside a
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plastic resealable bag or similar waterproof protection and taped to the inside lid of the secured
shipping container with the samples.

5.

CORRECTIONS

If an error is made, a single line should be drawn through the entry, and the entry initialed and
dated. The erroneous information should not be obliterated. Any errors found in documentation
should be corrected by the person who made the entry.
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LOW FLOW GROUNDWATER PURGI NG AND SAM PLI NG SOP
This Standard Operating Procedure (SOP) provides a general framework for collecting
groundwater samples that are indicative of total mobile organic and inorganic loads (dissolved
and colloidal sized factions) transported through the subsurface under ambient flow conditions
with minimal physical and chemical alterations from sampling operations.
This procedure does not address the collection of water or free product samples from wells
containing free phase light or dense non-aqueous phase liquids (LNAPLS and DNAPLS). For
this type of situation, the reader may wish to check: Cohen and Mercer (1993) or other pertinent
documents.
The controlled version of this document is the electronic version viewed on-line only. If this is a
printed copy of the document, it is an uncontrolled version and may or may not be the version
currently in use.
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USE OF TERM S
Equipment blank: The equipment blank shall include the pump and the pump's tubing. If tubing
is dedicated to the well, the equipment blank need only include the pump in subsequent sampling
rounds. If the pump and tubing are dedicated to the well, the equipment blank is collected prior
to its placement in the well. If the pump and tubing will be used to sample multiple wells, the
equipment blank is normally collected after sampling from contaminated wells and not after
background wells.
Field duplicates: Field duplicates are collected to determine precision of sampling procedure.
For this procedure, collect duplicate for each analyte group in consecutive order (VOC original,
VOC duplicate, SVOC original, SVOC duplicate, etc.).
Indicator field parameters: This SOP uses field measurements of turbidity, dissolved oxygen
(DO), specific conductance, temperature, pH, and oxygen/reduction potential (ORP) as
indicators of when purging operations are sufficient and sample collection may begin.
Matrix Spike/Matrix Spike Duplicates: Used by the laboratory in its quality assurance program.
Consult the laboratory for the sample volume to be collected.
Potentiometric Surface: The level to which water rises in a tightly cased well constructed in a
confined aquifer. In an unconfined aquifer, the potentiometric surface is the water table.
QAPP: Quality Assurance Project Plan
SAP: Sampling and Analysis Plan
SOP: Standard Operating Procedure
Stabilization: A condition that is achieved when all indicator field parameter measurements are
sample collection to begin.
Temperature blank: A temperature blank is added to each sample cooler. The blank is measured
prior to shipment and upon receipt at the laboratory to assess whether the samples were properly
cooled during transit.
Trip blank (VOCs): Trip blank is a sample of analyte-free water taken to the sampling site and
returned to the laboratory. The trip blanks (one pair) are added to each sample cooler that
contains VOC samples.
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SCOPE AND APPLI CATI ON
This Standard Operating Procedure (SOP) provides a general framework for collecting
groundwater samples that are indicative of total mobile organic and inorganic loads (dissolved
and colloidal sized factions) transported through the subsurface under ambient flow conditions
with minimal physical and chemical alterations from sampling operations. This is accomplished
by: low pumping rates, negligible water level draw down and stabilization of water quality
parameters; emphasizing the need to minimize hydraulic stress at the well-aquifer interface.
low-flow conditions.
This procedure does not address the collection of water or free product samples from wells
containing free phase light or dense non-aqueous phase liquids (LNAPLS and DNAPLS).
This procedure is primarily designed for monitoring wells with an inside diameter that can
accommodate a positive lift pump (1.5-inches or greater) with a screen length or open interval
ten feet or less and with a water level above the top of the screen or open interval (Hereafter, the
This SOP includes a purge option, a modified purge option and a no-purge option. The purge
option involves pumping the well at a rate approaching ambient groundwater flow in order to
minimize disturbance of the sampling zone and mixing of the riser water. Field parameters are
monitored during purging until readings have stabilized; at this point (theoretically), groundwater
entering the pump intake represents formation water and the sample is collected.
In low permeability formations or poorly installed monitoring wells it may not be possible to
collect groundwater samples using the specified purge techniques. In such instances, the
modified or no-purge options should be evaluated and approved by the project manager. See the
options in Appendix B.
A goal of this procedure is to emphasize the need for consistency in deploying and operating
equipment while purging and sampling monitoring wells during each sampling event. This will
help minimize sampling variability.
This SOP is to be used when collecting ground-water samples from monitoring wells at all
Superfund, Federal Facility and RCRA sites in Region 1 under the conditions described herein.
This Low-Flow sampling SOP may be modified to meet the data quality objectives for the
sampling event. In long-term monitoring events it may be possible to reduce the field parameter
list after baseline information is obtained over the first year or two. Careful consideration should
be given to the purpose of each parameter used in the procedure. Each parameter may have
some importance that extends beyond the measurement for equilibrium. Request for
modification of this SOP, in order to better address specific situations at individual wells, must
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include adequate technical justification for proposed changes. All changes and modifications
must be approved and included in the SAP before implementation in field.
BACKGROUND FOR I M PLEM ENTATI ON
Prior to conducting a low flow sampling event, information regarding well construction,
development, and water level records for each well to be sampled should be obtained and
reviewed to determine the appropriate pump to be used, the location of the intake, and the
potential groundwater recharge rate of the well. If this information is not available, a
reconnaissance should be made prior to the actual sampling event to determine well depth, water
level, length of screen, etc., and to possibly perform a pump test to determine the recharge rate of
the well. Additionally, wells that have not been sampled in years should be redeveloped prior to
conducting the actual sampling event, if possible.
Cold weather considerations must be factored into a low-flow sampling plan.
It is expected that the monitoring well screen, or open interval has been properly located (both
laterally and vertically) to intercept existing contaminant plume(s) or along flow paths of
potential contaminant migration. Problems with inappropriate monitoring well placement or
faulty/improper well installation cannot be overcome by even the best water sampling
procedures. This SOP presumes that the analytes of interest are moving (or will potentially
move) primarily through the more permeable zones intercepted by the screen interval.
Proper well construction, development and operation and maintenance cannot be
overemphasized. The use of installation techniques that are appropriate to the hydrogeologic
setting of the site often prevent "problem well" situations from occurring. During well
development, or redevelopment, tests should be conducted to determine the hydraulic
characteristics of the monitoring well. The data can then be used to set the purging/sampling rate,
and provide a baseline for evaluating changes in well performance and the potential need for
well rehabilitation. Note: if this installation data or well history (construction and sampling) is
not available or discoverable, for all wells to be sampled, efforts to build a sampling history
should commence with the next sampling event.
The pump intake should be located within the screen interval and at a depth that will remain
under water at all times. It is recommended that the intake depth and pumping rate remain the
same for all sampling events. The mid-point or the lowest historical midpoint of the saturated
screen length is often used as the location of the pump intake.
Significant chemical or permeability contrast(s) within the screen may require additional field
work to determine the optimum vertical location(s) for the pump/tubing intake, and appropriate
pumping rate(s) for purging and sampling more localized target zone(s). Primary flow zones
(high(er) permeability and/or high(er) chemical concentrations) should be identified in wells
with screen lengths longer than 10 feet, or in wells with open boreholes in bedrock. Targeting
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these zones for water sampling will help insure that the low stress procedure will not
underestimate contaminant concentrations.
For new wells, or for wells without pump intake information, t
instructions on how the pump intake depth(s) will be selected, and reason(s) for the depth(s)
selected. If the depths to top and bottom of the well screen are not known, the SAP will need to
describe how the sampling depth will be determined and how the data can be used.
Stabilization of indicator field parameters is used to indicate that conditions are suitable for
sampling to begin. Achievement of turbidity levels of less than 5 NTU, and stable drawdowns of
less than 0.3 feet, while desirable, are not mandatory. Sample collection may still take place
provided the indicator field parameter criteria in this procedure are met. If after 2 hours of
purging indicator field parameters have not stabilized, one of three optional courses of action
may be taken: a) continue purging until stabilization is achieved, b) discontinue purging, do not
collect any samples, and record in log book that stabilization could not be achieved
(documentation must describe attempts to achieve stabilization) c) discontinue purging, collect
samples and provide full explanation of attempts to achieve stabilization (note: there is a risk that
the analytical data obtained, especially metals and strongly hydrophobic organic analytes, may
reflect a sampling bias and therefore, the data may not meet the data quality objectives of the
sampling event).
It is recommended that low-flow sampling be conducted when the air temperature is above 32 F
(0 C). If the procedure is used below 32 F, special precautions will need to be taken to prevent
the groundwater from freezing in the equipment. Because sampling during freezing temperatures
may adversely impact the data quality objectives, the need for water sample collection during
months when these conditions are likely to occur should be evaluated during site planning and
special sampling measures may need to be developed. Ice formation in the flow-through-cell will
cause the monitoring probes to act erratically. A transparent flow-through-cell is required to
observe if ice is forming in the cell. If ice starts to form on the other pieces of the sampling
equipment, additional problems may occur.
The use of dedicated sampling equipment is recommended as it promotes consistency in the
intake at a constant depth; and can
streamline sampling activities, significantly reducing the time needed to complete each sampling
event, thereby reducing the overall field costs.
HEALTH & SAFETY
When working on-site, comply with all applicable OSHA requirements
health/safety procedures. All proper personal protection clothing and equipment are to be worn.
Some samples may contain biological and chemical hazards. These samples should be handled
with suitable protection to skin, eyes, etc.
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CAUTI ONS
The following cautions need to be considered when planning to collect groundwater samples
when the below conditions occur.
If the groundwater degasses during purging of the monitoring well, dissolved gases and VOCs
will be lost. When this happens, the groundwater data for dissolved gases (e.g., methane, ethene,
ethane, dissolved oxygen, etc.) and VOCs will need to be qualified. Some conditions that can
promote degassing are the use of a vacuum pump (e.g., peristaltic pumps), changes in aperture
change.
When collecting the samples for dissolved gases and VOCs analyses, avoid aerating the
the
groundwater. H
problem when using a centrifugal pump or peristaltic pump.
Direct sun light and hot ambient air temperatures may cause the groundwater in the tubing and
flow-through-cell to heat up. This may cause the groundwater to degas which will result in loss
of VOCs and dissolved gases. When sampling under these conditions, the sampler will need to
shade the equipment from the sunlight (e.g., umbrella, tent, etc.). If possible, sampling on hot
days, or during the hottest time of the day, should be avoided.
The tubing exiting the
monitoring well should be kept as short as possible to avoid the sun light or ambient air from
heating up the groundwater.
Thermal currents in the monitoring well may cause vertical mixing of water in the well bore.
When the air temperature is colder than the groundwater temperature, it can cool the top of the
water column. Colder water which is denser than warm water sinks to the bottom of the well and
the warmer water at the bottom of the well rises, setting up a convec
-flow
sampling, the pumped water may be a mixture of convecting water from within the well casing
and aquifer water moving inward through the screen. This mixing of water during low-flow
sampling can substantially increase equilibration times, can cause false stabilization of indicator
parameters, can give false indication of redox state, and can provide biological data that are not
Interferences may result from using contaminated equipment, cleaning materials, sample
containers, or uncontrolled ambient/surrounding air conditions (e.g., truck/vehicle exhaust
nearby).
Cross contamination problems can be eliminated or minimized through the use of dedicated
sampling equipment and/or proper planning to avoid ambient air interferences.
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Clean and decontaminate all sampling equipment prior to use. All sampling equipment needs to
be routinely checked to be free from contaminants and equipment blanks collected to ensure that
the equipment is free of contaminants. Check the previous equipment blank data for the site (if
they exists) to determine if the previous cleaning procedure removed the contaminants. If
contaminants were detected and they are a concern, then a more vigorous cleaning procedure
will be needed.
PERSONNEL QUALI FI CATI ONS
All field samplers working at sites containing hazardous waste must meet the requirements of the
OSHA regulations. OSHA regulations may require the sampler to take the 40 hour OSHA
health and safety training course and a refresher course prior to engaging in any field activities,
depending upon the site and field conditions.
The field samplers must be trained prior to the use of the sampling equipment, field instruments,
and procedures. Training is to be conducted by an experienced sampler before initiating any
sampling procedure.
The entire sampling team needs to read, and be familiar with, the site Health and Safety Plan, all
relevant SOPs, and SAP (including the most recent amendments) before going onsite for the
sampling event. It is recommended that field sampling leader attest to the understanding of these
site documents and that it is recorded.
EQUI PM ENT AND SUPPLI ES
A. I nformational materials for sampling event
A copy of the current Health and Safety Plan, site-specific SAP, monitoring well construction
data, location map(s), field data from last sampling event, manuals for sampling, diagram(s) to
maintenance, and calibration manuals, should be brought to the site. The SAP shall specify the
equipment that will be used.
B. Well/site keys.
C. Pumps:
Adjustable rate, submersible pumps (e.g., centrifugal, bladder, etc.) which are constructed of
stainless steel or Teflon are preferred. Peristaltic pumps may be used (see project manager for
restrictions). Note: if pumps constructed of other materials are to be used, adequate information
must be provided to show that the substituted materials do not leach contaminants nor cause
interferences to the analytical procedures to be used. Acceptance of these materials must be
obtained before the sampling event. Pumps capable of pumping at a low flow rate of 50
ml/minute may be required. See the site specific SAP for pump requirements.
Peristaltic Pumps:
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1. Getting down to 50 ml/minute may require the purchase/rental of a different peristaltic
pump head from the one that comes standard with the pump.
2. Adjustable rate, peristaltic pumps (suction) are to be used with caution when collecting
VOCs and dissolved gases (e.g., methane, carbon dioxide, etc.) analyses. Additional
information on the use of peristaltic pumps can be found in Appendix A.
3. If peristaltic pumps are used, the inside diameter of the rotor head tubing should match
the inside diameter of the tubing installed in the monitoring well, whenever possible.
4. The use of piggyback peristaltic pump heads is unacceptable as the arrangement may
produce an uneven flow that aerates the water and may cause the loss of VOCs and
dissolved gases. Piggyback pump heads: when
is too
large for the small tubing size, so a smaller rotor head was piggy-backed on to the
standard rotor head.
Bladder Pumps:
1. The size, capacity of the pump, and placement in the well shall be selected to maximize
minimum amount of water above the pump; consult the manufacturer for the
determined during the planning stage, since it may influence well construction and
placement of dedicated pumps where water-level fluctuations are significant.
2. The control box shall have a manual control option.
3. For the collection of VOCs and dissolved gases,
a. T
one pulse;
b. The pump settings (refill and discharge rates) shall be set so that one pulse will
deliver a water volume that is sufficient to fill a 40 mL VOC vial.
Inertial pumping devices (motor driven or manual) are not recommended. These devices
frequently cause greater disturbance during purging and sampling and are less easily controlled
than submersible pumps (potentially increasing turbidity, and sampling variability, etc.). This
can lead to sampling results that are adversely affected by purging and sampling operations, and
a higher degree of data variability.
D. Appropriate tubing:
The Hazardous Waste Remediation Bureau (HWRB) requires that a fiberglass measuring tape or
other accurate measuring device be used when measuring and installing tubing.
See siteAdequate information must be provided to show that the tubing materials do not leach
contaminants nor cause interferences to the analytical procedures to be used. Acceptance of
these materials must be obtained before the sampling event.
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Polyethylene, Teflon-lined polyethylene or Teflon tubing is typically used. Teflon or Teflonlined polyethylene tubing are preferred when sampling for SVOCs, pesticides, and PCBs. If
these samples are collected with a bladder pump, both the air and sampling lines shall be made of
Teflon.
The use of one-quarter (1/4) inch inside diameter (ID) tubing is recommended. This will help
ensure that the tubing remains liquid filled when operating at very low pumping rates when using
centrifugal and peristaltic pumps. Three-eighths (3/8) inch ID tubing may also be used with
project manager approval. Smaller diameter tubing (less than 1/4 inch ID) is not generally
recommended. If sampling with a bladder pump, use the size tubing recommended by the
manufacturer.
Dedicated pharmaceutical or surgical grade silicon (Silastic) tubing shall be used for the section
around the rotor head of peristaltic pumps (e.g. ID x OD x Wall: 1/8 x 1/4 x 1/16 (#16) or 1/16 x
3/16 x 1/16 (#14) for sampling and
#15) or 1/4 x 3/8 x 1/16 for purging or
connections). Either a tubing connector will be used to connect the pump rotor head tubing to
the well tubing or two pieces of tubing can be connected to each other by placing the one end of
the tubing inside the end of the other tubing.
E. The water level measuring device
An electronic Atape@, pressure transducer, water level sounder/level indicator, etc., capable of
measuring to oneaccuracy shall be used. Recording pressure
transducers, mounted above the pump, are especially helpful in tracking water levels during
pumping operations, but their use must include check measurements with a water level Atape@ at
the start and end of each sampling event.
F. I nterface probe
To be used to check on the presence of free phase liquids (LNAPL, or DNAPL) before purging
begins (as needed).
G. Flow measurement supplies
A graduated cylinder sized according to the flow rate (e.g. 100 ml or 250 ml graduated cylinder,
measured in 10 ml increments) to accurately measure the flow in ml/min.
A stop-watch to accurately measure the flow in ml/min.
Large graduated bucket used to record total water purged from the well.
H. Power source
Twelve (12) volt, deep cycle marine battery or other battery; air compressor; nitrogen tank; etc.
The HWRB prefers the use of non gasoline-powered equipment. If a gasoline-powered source
(e.g. generator) is used, it must be located downwind and at a safe distance from the well (at least
30 feet) so that the exhaust fumes do not contaminate the samples.
I . I ndicator field parameter monitoring instruments
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The use of multi-parameter water quality meters with a transparent 250 ml or less internal
volume flow-through cell capable of measuring pH, oxidation/reduction potential (ORP),
dissolved oxygen (DO), specific conductance and temperature are required (e.g. YSI 600XL or
6820; or QED MP20). Record equipment/instrument identification (manufacturer, and model
number on the Calibration Log or appropriate form).
The transparent cell allows observation of air bubbles and sediment buildup in the cell, which
can interfere with the operation of the monitoring instrument probes, to be easily detected. A
small volume cell facilitates rapid turnover of water in the cell between measurements of the
indicator field parameters. The flow-through-cell must be designed in a way that prevents air
bubble entrapment in the cell. When the pump is turned off or cycling on/off (when using a
bladder pump), water in the cell must not drain out. Monitoring probes must be submerged in
water at all times.
The meter shall measure the following parameters to use with the low flow sampling technique:
Specific Conductivity in µS/cm
Dissolved Oxygen (DO) in mg/L (100% saturation for calibration)
pH that calibrates using 3 standards (pH 4, 7 and 10)
Oxidation Reduction Potential (ORP) in mV
It is recommended to use a flow-through-cell and monitoring probes from the same manufacturer
and model to avoid incompatibility between the probes and flow-through-cell.
Turbidity samples are collected before the flow-through-cell. A portable turbidity meter with a
calibration range from 0.00 to 800 (1000) NTUs is required (e.g. Hach 2100P Portable Turbidity
Meter).
A three way stopcock (recommended) or a AT@ connector coupled with a valve is connected
between the pump=s tubing and flow-through-cell (e.g. Nalgene three-way stopcock with a plug
bore of 4 mm [or 0.157 in] NNI No. 6470-0004 VWR catalog No. 59097-080).
connector, a
as a sampling port for the turbidity samples. When a turbidity measurement is required, the
valve is opened to allow the ground water to flow into a container. The valve is closed and the
container sample is then placed in the turbidity meter.
Appropriate calibration standards for the multi-parameter and turbidity meters including: 100%
water-saturated air chamber (small wet sponge or paper towel for DO 100% saturation calibration)
and 0 mg/L DO for DO; Zobell solution for ORP; two different specific conductance standards,
one low (e.g. 718 µS/cm) to calibrate and one higher (e.g. 1,413 µS/cm) to check the calibration;
4, 7, & 10 units pH; and < 0.1, 20, 100 and 800 NTUs for turbidity.
A minimum of two
standards are needed to bracket the instrument measurement range for all parameters except
ORP, which uses a Zobell solution as a standard. Extra DO membranes in case of breakage.
Barometer (used in the calibration of the DO probe) and the conversion formula to convert the
barometric pressure into the units of measure used by the DO probe are needed unless the
instrument already has a temperature-compensated barometer.
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J. Equipment protection paraphernalia to:
1. Adequately shade equipment and tubing to prevent temperature variations in the readings,
bubbles forming in the tubing, and to prevent the acid preservative in the sample
containers from volatilizing;
2. Protect both personnel and equipment from other elements including rain, wind; etcetera.
3. Keep the sampling equipment from freezing in the winter.
4. Keep monitoring and sampling equipment off the ground (e.g. table, bucket
polyethylene sheeting).

or

K. Decontamination supplies
Decontamination supplies, if appropriate: (e.g. non-phosphate detergent, distilled/deionized
water, appropriate solvent such as isopropyl alcohol, etc., plastic sheeting).
Trash bags to containerize solid waste.
L. Sample containers etc.
Sample containers preserved as necessary, sample labels, cooler and loose ice (not bagged).
Plastic bags and bubble wrap to protect and store samples.
M . Toolbox
To include such items as: wrenches, pliers, screw drivers, tubing cutter,
sharp knife with a locking blade, wire strippers, hose connectors, Teflon tape, and duct tape.
N. PI D or FI D instrument
Used if appropriate, to detect VOCs for health and safety purposes and provide qualitative field
evaluations.
O. Record keeping supplies
Logbook(s) and other forms (e.g. field-data sheets, sample labels, chain-of-custody forms and
seals, field work sheets, well purging forms, calibration logs); pens, sharpies etc.
P. I n-line filters
If determination of filtered metal concentrations is a sampling objective, collect filtered water
samples using an in-line filter (transparent housing preferred). The filter size (0.45 µm is
commonly used) should be based on the sampling objective.
EQUI PM ENT/I NSTRUM ENT CALI BRATI ON
Prior to the sampling event, perform maintenance checks on the equipment and instruments
equipment/instruments are working properly before they are used in the field. The
on site during each sampling
event.
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All instruments shall be successfully calibrated and documented once by the sampling team prior
to the sampling event to ensure that the equipment is working properly. Refer to the HWRB-17
Calibration of Field Instruments SOP in the QAPP for specific calibration and calibration check
procedures, and calibration log.
The instruments shall be calibrated at the beginning of each sampling day at the Site using the
appropriate solutions. The calibration will be checked in the run mode after the morning
calibration has been completed to ensure that the calibration was successful. If the field
measurement falls outside the calibration range, the instrument must be re-calibrated so that all
measurements fall within the calibration range.
The calibration will be checked at the end of the day in the run mode to verify the accuracy of
the instrument readings throughout the day. If a calibration check at the end of the day is not
within the acceptable range for that parameter, the data collected that day for that parameter shall
be qualified in its use. All calibration data shall be recorded on the calibration log. In addition,
should any erratic or suspect readings occur between calibrations, the instrument shall be
recalibrated in order to ensure that representative measurements are obtained.
If the field instruments are being used to monitor the natural attenuation parameters then a
calibration check at mid-day is highly recommended to ensure that the instruments did not drift
out of calibration.
Note: during the day, if the instrument reads zero or a negative number for dissolved oxygen,
pH, specific conductance, or turbidity (negative value only), this indicates that the instrument
drifted out of calibration or the instrument is malfunctioning. If this situation occurs the data
from this instrument will need to be qualified or rejected, and the instrument must be recalibrated
before use.
Failure to calibrate or perform proper maintenance on the sampling equipment and measurement
instruments (e.g., multi-parameter meter, etc.) can result in faulty data being collected.
PRELI M I NARY SI TE ACTI VI TI ES
Check the well for security (damage, evidence of tampering, missing lock, etc.) and record
pertinent observations (include photograph as warranted).
Remove well cap. Immediately measure VOCs at the rim of the well with a PID or FID
instrument if required in the SAP or Health and Safety Plan; record the reading in the field
logbook/worksheet.
If the well casing does not have an established reference point (usually a V-cut or indelible mark
in the well casing), make one. Describe its location and record the date of the mark in the
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logbook (consider a photographic record as well). All water level measurements must be
recorded relative to this reference point (and the altitude of this point should be determined using
A synoptic water level measurement round should be performed (in the shortest possible time)
before any purging and sampling activities begin, unless otherwise specified in the SAP. A
synoptic water level measurement round will be necessary if potentiometric surface map(s) are to
be constructed for the sampling event. If possible, measure the water level depth (to 0.01 ft.) and
total depth (to 0.1 ft.) the day before sampling begins in order to allow for re-settlement of any
particulates in the water column. This is especially important for those wells that have not been
recently sampled because sediment buildup in the well may require the well to be redeveloped. If
measurement of total well depth is not made the day before, it should not be measured until after
sampling of the well is complete. All measurements must be taken from the established
referenced point. Care should be taken to minimize water column disturbance.
Note: Unless otherwise specified, measurement of total depth annually is usually sufficient after
the initial low flow sampling event. However, a greater frequency may be needed if the well has
, and a lesser frequency may be
adequate in long term site monitoring.
Well depths shall be measured at least once every five years in the sampling event just prior to
the Five Year Review at all Superfund Sites. It may not be possible to measure the depth of the
well if dedicated bladder pumps are used. If that is the case, the depth of the well should be
measured when the pump is removed for maintenance, if there is evidence of high turbidity, or as
determined in the SAP.
Set up equipment according to the attached Low Flow Sampling Diagram. This diagram shows
the low flow setup using a bladder pump; however, the diagram may be modified in the SAP to
show the appropriate pump.
Lay out sheet of clean polyethylene for monitoring and sampling equipment, unless equipment is
elevated above the ground (e.g., on a table, bucket, etc.).
Check newly constructed wells for the presence of LNAPLs or DNAPLs before the initial
sampling round. If none are encountered, subsequent check measurements with an interface
probe may not be necessary unless analytical data or field analysis signal a worsening situation.
This SOP cannot be used in the presence of LNAPLs or DNAPLs. If NAPLs are present, the
project team must decide upon an alternative sampling method. All project modifications must
be approved and documented prior to implementation.
If available, check intake depth and drawdown information from previous sampling event(s) for
each well. Duplicate, to the extent practicable, the intake depth and extraction rate (use final
pump dial setting information) from previous event(s). If changes are made in the intake depth or
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extraction rate(s) used during previous sampling event(s), for either portable or dedicated pumps,
record new values, and explain reasons for the changes in the field log/sampling worksheet.
PURGI NG AND SAM PLI NG PROCEDURE
Purging and sampling wells in order of increasing chemical concentrations (known or
anticipated) is preferred.
1. Initial Water Level
Measure and record the depth to water (to 0.01 ft) before any disturbance to the well. Care
should be taken to minimize suspension of any particulates attached to the sides. The initial
water level is recorded on the purge form or in the field logbook.
2. Install sampling pump or tubing if necessary.
Lower equipment (e.g. pump, safety cable, tubing and electrical lines) slowly into the well so
that the pump intake is located at the center of the saturated screened interval or at a location
designated by the project manager. The SAP should specify the sampling depth, or provide
criteria for selection of intake depth for each well. Great care must be taken to minimize the
disturbance of particulates that can greatly extend the purge time by increasing turbidity. If
possible keep the pump intake at least two feet above the bottom of the well, to minimize
mobilization of particulates present in the bottom of the well.
shall
be secured to the well casing (or PVC stick-up) to minimize movement.
Pump tubing lengths, above the top of well casing should be kept as short as possible to
minimize heating the groundwater in the tubing by exposure to sun light and ambient air
temperatures. Heating may cause the groundwater to degas, which is unacceptable for the
collection of samples for VOC and dissolved gases analyses.
3. Measure Water Level
Measure and record the water level again with the equipment in the well before starting the
pump.
4. Well Purging
From the time the pump starts purging and until the time the samples are collected, the purged
water is discharged into a graduated bucket to determine the total volume of groundwater
purged. This information is recorded on the purge form or in the field logbook.
Start the pump at its lowest speed setting and slowly increase the speed until discharge occurs.
Check water level. Check equipment for water leaks and if present fix or replace the effected
equipment. Try to match pumping rate used during previous sampling events. Otherwise,
adjust pump speed until there is little or no water level drawdown. If the minimal drawdown that
can be achieved exceeds 0.3 feet, but remains stable, continue purging.
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When using a peristaltic pump, any air captured in the tubing can usually be removed by
elevating the discharge tube and pump to allow the air to continue rising until discharged with
the water.
When using the bladder pump for VOC or dissolved gas samples, the pump settings (refill
and discharge rates) shall be set so that one pulse will deliver a water volume that is
sufficient to fill a 40 mL VOC vial.
Monitor and record the water level, draw down, and pumping rate, every five minutes, or as
appropriate, during purging. Record any pumping rate adjustments (both time and flow rate).
Adjustments are best made in the first fifteen minutes of pumping in order to help minimize
purging time. Pumping rates should, if needed, be reduced to the minimum capabilities of the
pump to avoid drawdown and to ensure stabilization of monitoring parameters. Pumping
rates shall not be less than 50 mL/minute. If a constant water level cannot be maintained,
the modified and no purge options should be evaluated and approved by the project manager.
See modified options in Appendix B.
During pump start-up, drawdown may exceed the 0.3 feet target and then "recover"
somewhat as pump flow adjustments are made. Purge volume calculations should utilize
stabilized drawdown value, not the initial drawdown. If the initial water level is above the
top of the screen do not allow the water level to fall into the well screen. The final purge
volume must be greater than the
volume. If the drawdown has exceeded 0.3 feet and stabilizes, calculate the volume of water
between the initial water level and the stabilized water level. Add the volume of the water
which occupies the p
to be purged from the well after the water level has stabilized before samples are collected.
Avoid the use of constriction devices on the tubing to decrease the flow rate because the
constrictor will cause a pressure difference in the water column. This will cause the
groundwater to degas and result in a loss of VOCs and dissolved gasses in the groundwater
samples.
Note: the flow rate used to achieve a stable pumping level should remain constant while
monitoring the indicator parameters for stabilization and while collecting the samples. It may
be necessary to reduce the flow rate to collect volatile samples (e.g. VOCs, methane, ethane,
ethene, carbon dioxide, volatile fatty acids, etcetera) in order to fill the sample containers by
allowing the discharge to flow gently down the inside of the container with minimal
turbulence.
Wells with low recharge rates may require the use of special pumps capable of attaining very
low pumping rates (e.g., bladder, peristaltic), and/or the use of dedicated equipment. For
new monitoring wells, or wells where the following situation has not occurred before, if the
recovery rate to the well is less than 50 mL/min., or the well is being essentially dewatered
during purging, the well should be sampled as soon as the water level has recovered
sufficiently to collect the volume needed for all anticipated samples. The project manager or
field team leader will need to make the decision when samples should be collected, how the
sample is to be collected, and the reasons recorded on the purge form or in the field logbook.
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A water level measurement needs to be performed and recorded, and one discharge line
volume of water must be purged, before samples are collected. If the project manager
decides to collect the samples using the pump, it is best during this recovery period that the
pump intake tubing not be removed, since this will aggregate any turbidity problems.
Samples in this specific situation may be collected without stabilization of indicator field
parameters. Note that field conditions and efforts to overcome problematic situations must
be recorded in order to support field decisions to deviate from normal procedures described
in this SOP.
If this type of problematic situation persists in a well, then water sample collection should be
changed to passive or no-purge method (found in Appendix B) if
consistent with the
or have a new well installed.
5. Monitor indicator field parameters.
After the water level has stabilized, connect the three way stopcock and the flow-through-cell
to monitor the indicator field parameters. If excessive turbidity is anticipated or encountered
with the pump startup, the well may be purged for awhile without connecting up the flowthrough-cell, in order to minimize particulate buildup in the cell (this is a judgment call made
by the sampler). Water level drawdown measurements should be made as usual. If possible,
the pump should be installed the day before purging to allow particulates that were disturbed
during pump insertion to settle.
During well purging, monitor indicator field parameters (turbidity, temperature, specific
conductance, pH, ORP, DO) at a frequency of five minute intervals or greater (e.g. every ten
minutes until the well starts to stabilize, then every five minutes until stabilization).
Readings shall NOT be taken less than five minutes apart.
The pump
-through-cell volume
between measurements (for a 250 mL flow-through-cell with a flow rate of 50 mL/min., the
monitoring frequency would be every five minutes; for a 500 mL flow-through-cell at the
same flow rate, it would be every ten minutes). If the cell volume cannot be replaced in the
proper interval, (e.g. five minute for a 250 mL flow through cell) then the time between
measurements must be increased accordingly.
All measurements, except turbidity, must be obtained using a flow-through-cell. Samples for
turbidity measurements are obtained before water enters the flow-through-cell. Transparent
flow-through-cells are required, because they allow field personnel to watch for particulate
build-up within the cell. This build-up may affect indicator field parameter values measured
within the cell. If the cell needs to be cleaned during purging operations, continue pumping
and disconnect cell for cleaning, then reconnect after cleaning and continue monitoring
activities. Record start and stop times for cleaning and give a brief description of cleaning
activities.
The flow-through-cell must be designed in a way that prevents gas bubble entrapment in the
cell. Placing the flow-through-cell at a 45 degree angle with the port facing upward can help
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remove bubbles from the flow-through-cell. See attached Low-Flow Setup Diagram in
Appendix D. All during the measurement process, the flow-through-cell must remain free of
any gas bubbles. Otherwise, the monitoring probes may act erratically. When the pump is
turned off or cycling on/off (when using a bladder pump), water in the cell must not drain
out. Monitoring probes must remain submerged in water at all times.
Note: during the early phase of purging emphasis should be put on minimizing and
stabilizing pumping stress, and recording those adjustments followed by stabilization of
indicator parameters. Purging is considered complete and sampling may begin when all the
above indicator field parameters have stabilized. Stabilization is considered to be achieved
when three consecutive readings are within the following limits:
Temperature
+/-3%
Values are typically rounded to the nearest whole number.
Specific Conductivity (µS/cm ) +/-3%
Values are typically rounded to the nearest whole number.
Dissolved Oxygen (DO) +/-10% for values greater than 0.5 mg/L,
Values are typically rounded to the nearest tenth place number.
Values less than zero point five (0.5) are typically reported as <0.5.
If three consecutive DO values are less than 0.5 mg/L, consider the values as
stabilized.
pH +/- 0.1 unit
Values are typically rounded to the nearest tenth place number.
Oxidation/Reduction Potential (ORP) +/- 10 millivolts
Values are typically rounded to the nearest whole number.
Turbidity +/-10% for values greater than 5 NTU
Values are typically rounded to the nearest whole number.
Values less than five (5) are typically reported as <5.
If three consecutive turbidity values are less than 5 NTU, consider the values as
stabilized.
Note: The project manager may set a limit on the amount of time allowed at each well
due to financial, manpower and/or other constraints. I n that case, sample collection
would occur after the specified time has elapsed and it would be noted on the field sheet
that the time limit had been reached before stabilization occurred.
I n general, there is a two hour time limit for each well unless specified differently in the
site specific SAP.
6. Collect samples.
Samples for laboratory analyses must be collected before the flow cell and the three way
stopcock. This will be done by disconnecting the flow cell and the three way stopcock so that
the samples are collected directly from the pump tubing.
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VOC samples are normally collected first and directly into pre-preserved sample containers.
However, this may not be the case for all sampling locations; the SAP should list the order in
For collecting VOC
samples including carbon dioxide, and methane/ethane/ethane, refer to the Special
Considerations for VOC Sampling section at the end of this SOP.
Fill all sample containers by allowing the pump discharge to flow gently down the inside of the
container with minimal turbulence. Sample containers should be wiped dry.
, follow this
procedure unless otherwise specified in the SAP: collect the other samples first, lower the
the new flow rate.
During purging and sampling, the centrifugal/peristaltic pump tubing must remain filled with
water to avoid aeration of the groundwater. It is recommended that 1/4 inch (inside
diameter) tubing be used to help insure that the sample tubing remains water filled. If the
pump tubing is not completely filled to the sampling point, use the following procedure to
collect samples: collect non-VOC/dissolved gases samples first, then increase flow rate
slightly until the water completely fills the tubing, collect the VOC/dissolved gases samples,
and record new drawdown depth and flow rate.
For bladder pumps that will be used to collect VOC or dissolved gas samples, the pump must
be set to deliver long pulses of water so that one pulse will fill a 40 mL VOC vial.
Use pre-preserved sample containers or add preservative, as required by analytical methods,
to the samples immediately after they are collected. Check the analytical methods (e.g. EPA
SW-846, 40 CFR 136, water supply, etc.) for additional information on preservation.
If determination of filtered metal concentrations is a sampling objective, collect filtered water
samples using the same low flow procedures. The use of an in-line filter (transparent housing
preferred) is required. The filter size (0.45 µm is commonly used) should be based on the
sampling objective. Pre-rinse the filter with groundwater prior to sample collection. Make
sure the filter is free of air bubbles before samples are collected. Use pre-preserved sample
containers or add preservative immediately, as required. Note: filtered water samples are not
an acceptable substitute for unfiltered samples when the monitoring objective is to obtain
chemical concentrations of total mobile contaminants in groundwater for human health or
ecological risk calculations.
Label each sample as collected. Samples requiring cooling will be placed into a cooler in
loose ice for delivery to the laboratory. Metal samples after acidification to a pH less than 2
do not need to be cooled.
7. Post Sampling Activities
If recording pressure transducer is used, re-measure water level with tape.
After collection of the samples, any tubing used may either be dedicated to the well for
resampling or properly discarded. Dedicated tubing should be secured to the inside of the well.
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If not previously measured, measure and record the depth of the well (to 0.1 ft) as required in
the SAP. More information on well depths is located under Preliminary Procedures.
Secure the well.
SPECI AL CONSI DERATI ONS FOR VOLATI LE ORGANI CS SAM PLI NG
The proper collection of a sample for volatile-organic compounds requires minimal disturbance
of the sample to limit volatilization and therefore a minimal loss of volatiles from the sample.
The following VOC procedures should be followed:
1.

Open the vial, set cap in a protected place, and collect the sample. When collecting
duplicates, collect both samples at the same time.

2.

Do not rinse the vial or excessively overflow it.

3.

If using a bladder pump, do not collect the initial 10 ml (approximate) of sample nor the
last 10 ml (approximate) of sample of the sample pulse volume. The beginning and end
of the sample pulse volume has been in contact with air.

4.

Be sure the sample flow is laminar and there are no air bubbles in the sample flow.

5.

There should be a convex meniscus on the top of the vial. You can use the cap to create
the convex meniscus for VOC samples, if needed.
For methane/ethane/ethene and carbon dioxide, do not use the sample bottle cap to
top off the sample vials. These vials should be filled in the shortest time possible and
capped immediately. Do not uncap these vials and add more water. Small bubbles
are considered normal for these pre-preserved containers; however, every effort
should be made to collect the best sample possible.

6.

Check that the cap has not been contaminated (splashed) and carefully cap the vial.

7.

Place the cap directly over the top and screw down firmly. Do not over-tighten and break
the cap.

8.

Invert the vial and tap gently. If an air bubble appears, uncap and attempt to add a small
volume of sample to achieve the convex meniscus without excessively overfilling the
vial. If there this has to be repeated more than twice, discard the sample and begin again
with a new container and preservative. It is imperative that no entrapped air is in the
sample vial.

9.

Immediately place the vial in the protective foam/bubble sleeve (if available) and place
into the cooler.
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FI ELD QUALI TY CONTROL
Quality control samples are required to verify that the sample collection and handling process has
not compromised the quality of the groundwater samples. All field quality control samples must be
prepared the same way as regular investigation samples with regard to sample volume, containers,
and preservation. Quality control samples include field duplicates, equipment blanks, matrix
spike/matrix spike duplicates (MS/MSD), trip blanks (VOCs) and temperature blanks. Refer to the
site SAP for specific quality control requirements. Collecting an equipment blank with the pumps
used will ensure that the decontamination procedure is adequate.
DECONTAM I NATI ON
All non-dedicated sampling equipment including water levels, pumps, support cable and
electrical wires which were in contact with the well shall be decontaminated following approved
decontamination procedures as specified in the SAP. General decontaminating procedures may
be found in Appendix C and in the HWRB-15 Decontamination SOP in the current version of
the HWRB Master QAPP.
Dedicated equipment will not need decontaminating. Non-dedicated tubing should be discarded.
Decontaminate sampling equipment prior to use in the first well and then following sampling of
each well. Pumps should not be removed between purging and sampling operations.
The use of dedicated pumps and tubing will reduce the amount of time spent on decontamination
of the equipment. If dedicated pumps and tubing are used, only the initial sampling event will
require decontamination of the pump and tubing.
Note: if the previous equipment blank showed that contaminant(s) were present after using one
of the described procedures in Appendix C or in the SAP, a more vigorous procedure may be
needed.
DOCUM ENTATI ON
A field log and/or field work sheets shall be kept to document all groundwater field monitoring
activities (see Appendix D for an example work sheet), and record the following for each well at
a minimum:
Date
Site name, municipality, state.
Well identifier, latitude-longitude or state grid coordinates.
Condition of well.
Measuring point description (e.g., north side of PVC pipe).
Well depth, and measurement technique.
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Well screen length.
Pump depth.
Static water level depth, date, time and measurement technique.
Presence and thickness of immiscible liquid (NAPL) layers and detection method.
Pumping rate, including units and any adjustments to the flow rate, water level at the
specified pumping rate.
Drawdown (in feet), cumulative drawdown (in feet), indicator parameters values,
calculated or measured total volume pumped, and clock time of each set of
measurements.
When calculating the total volume to be purged, please document the actual calculations
used on the worksheet, to show how the total volume was arrived at.
Type of tubing used and its length.
Type of pump used.
Clock time of start and end of purging and sampling activity, notation of reaching time
limit if applicable, notation of which stabilization parameters did not stabilize after time
limit was reached (if any).
Time of sample collection
Types of sample bottles used and sample identification numbers.
Preservatives used.
Parameters requested for analyses.
Comments or field observations during sampling event.
Name of sample collector(s).
Weather conditions, including approximate ambient air temperature.
QA/QC data for field instruments (This information may be located on the Calibration
Log, see HWRB-17 Calibration of Field Instruments SOP).
Description of all sampling/monitoring equipment used, including trade names, model
number, instrument identification number, diameters, material composition, etc. (This
information may be located on the Calibration Log, see HWRB-17 Calibration of Field
Instruments SOP).
Any problems encountered should be highlighted.
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DATA REPORT
Data reports are to include laboratory analytical results, QA/QC information, field indicator
parameters measured during purging, field instrument calibration information (e.g. Calibration
Log), and whatever other field logbook/worksheet information is needed to allow for a full
evaluation of data usability. See the site specific SAP for report requirements.
REFERENCES
USEPA Region I, 1996; Low-Stress (Low-flow) Purging and Sampling Procedure for the
Collection of Groundwater Samples from Monitoring Wells, Revision 2, July 30, 1996, Revised
January 19, 2010.
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APPENDI X A
PERI STALTI C PUM PS
Before selecting a peristaltic pump to collect groundwater samples for VOCs and/or dissolved
gases (e.g., methane, carbon dioxide, etc.) the following needs to be considered:
The decision of whether or not to use a peristaltic pump is dependent on the intended use
of the data.
If the additional sampling error that may be introduced by this device is NOT of concern
If minor differences in the groundwater concentrations could effect the decision, such as
to continue or terminate groundwater cleanup or whether the cleanup goals have been
reached, then this device should NOT be used for VOC/dissolved gases sampling. In
these cases, centrifugal or bladder pumps are a better choice for more accurate results
EPA and USGS have documented their concerns with the use of the peristaltic pumps to collect
water sample in the below documents.
se they may cause degassing, pH
A Compendium of Superfund Field
Operations Methods, EPA/540/P-87/001, December 1987.
groundwater
particular
RCRA Ground-Water Monitoring Draft
Technical Guidance, EPA Office of Solid Waste, November 1992.
in alteration of pH, alkalinity,
Low-flow (Minimal drawdown)
Ground-Water Sampling Procedures, by Robert Puls & Michael Barcelona, April 1996,
EPA/540/S-95/504.
-lift pumps, such as peristaltic pumps, can operate at a very low pumping rate;
however, using negative pressure to lift the sample can result in the loss of volatile
-Resources Investigation, Chapter A4.
(Version 2.0, 9/2006).
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APPENDI X B
LOW FLOW PROCEDURE EVALUATI ON AND M ODI FI CATI ONS
Due to site conditions, sample variability, manpower, financial and/or other constraints, the
HWRB project manager may generate modifications to this procedure such as time limitations,
equipment used, alternative sampling techniques, etc.
The purpose of the Low-Flow sampling procedure is to sample the groundwater from the
surrounding aquifer. If a well is not receiving sufficient recharge from the formation, the water
level in the well will drop as pumping continues. This means that the discharge water could
contain a significant percentage of stagnant water from the well casing. As the percentage of
casing water increases, the representativeness of the sample decreases. Monitoring wells with
slow recharge rates may not be capable of being pumped at a continuous rate (even as low as 50
ml/min). In this event, an alternative sampling technique should be considered.
M ODI FI ED PURGE PROCEDURE
This procedure may be used in cases where the recharge rate of the well is very low and zero or
minimal drawdown cannot be achieved.
Purging
The project manager shall specify the location of the inlet.
If the water level is above the top of the well screen or open interval:
Purge until the water level reaches just above the top of the well screen or open interval;
or until the limit of the pump capacity has been reached as long as the water level is still
above the top of the well screen or open interval.
If the water level is below the top of the well screen or open interval:
Purge until the water level reaches the pump intake or until the limit of the pump capacity
has been reached.
Recovery and sampling
Sampling shall commence as soon as the water level has recovered sufficiently to collect the
appropriate volume needed for all anticipated samples. A water level measurement needs to be
performed and recorded before samples are collected. If recharge occurred overnight, remove
one tubing volume of water before sampling, (only if there is a sufficient volume of water to do
so and still collect all the samples). See calculations on the next page.
It is best during this recovery period that the pump intake tubing not be removed, since this will
aggregate any turbidity problems. Samples in this specific situation may be collected without
stabilization of indicator field parameters. Note that field conditions and efforts to overcome
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problematic situations must be recorded in order to support field decisions to deviate from
normal procedures described in this SOP.
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NO-PURGE OPTI ON
In certain low permeability formations it may not be possible to maintain a zero drawdown at
low flow rates (at or near 50 ml/min.). In these formations the only option may be to obtain a
groundwater sample without purging.
The theory of no-purge sampling is that the water in the screened zone is in equilibrium with the
aquifer and the water in the riser portion of the well is not. The goal is to sample only the water
in the screened zone and to minimize any mixing with the water in the riser.
No-Purge Option Procedure
The same principle applies to the no-purge option that applies to the purge option. Dedicated
equipment is required to properly complete this procedure (to eliminate any additional mixing of
the water in the riser with the water in the screen).
The pump intake must be in the screened zone, at or slightly above the midpoint of the
screen, or at a location designated by the project manager.
Calculate the volume of water standing in the discharge line, see below.
Turn on the pump at the lowest possible flow rate.
Purge the volume of water that was standing in the discharge line.
Immediately begin sample collection after the discharge line is purged.

CALCULATI NG TUBI NG VOLUM E OF STANDI NG WATER
The purge volume is equal to h x 3.14(r/12)2 x 7.48 gal/ft3
One purge volume is equal to (h) x (f) where:
h = length of tubing
f = the volume in gal/foot
Then convert gallons to milliliters (1 gallon = 3785 mL) so that the purge volume can be
accurately measured using a graduated cylinder.
Below are the factors for some typical tubing sizes.
Tubing ID (Inside Diameter) in inches
Volume (gal/foot)
Volume (mL/foot)

1/8 (0.125)
0.00064
2.42

1/4 (0.25)
0.00255
9.65

3/8 (0.375)
0.00573
21.69

1/2 (0.50)
0.01019
38.57
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APPENDI X C
GENERAL DECONTAM I NATI ON PROCEDURES
Dedicated equipment will not need decontaminating. Non-dedicated tubing should be discarded.
Decontaminate sampling equipment prior to use in the first well and then following sampling of
each well. Pumps should not be removed between purging and sampling operations. Sampling
equipment including water levels, the pump, tubing, support cable and electrical wires which
were in contact with the well shall be decontaminated following the approved decontamination
procedures as specified in the SAP. General decontaminating procedures may be found below
and in the HWRB-15 Decontamination SOP in the HWRB Master QAPP.
The use of dedicated pumps and tubing will reduce the amount of time spent on decontamination
of the equipment. If dedicated pumps and tubing are used, only the initial sampling event will
require decontamination of the pump and tubing.
Notes:
If the previous equipment blank showed that contaminant(s) were present after using the below
procedure or one of the described procedures in the SAP, a more vigorous procedure may be
needed.
The procedures below are primarily concerned with decontamination pumps. When
decontaminating other equipment spray bottles and other decon equipment may be used.
The decontamination procedure for water level meters and oil/interface probes shall
include the probes and, at a minimum, the length of tape used in that well.
General Procedure 1
Decontaminating solutions may be pumped from either buckets or short PVC casing sections
through the pump and tubing. The pump may be disassembled and flushed with the
decontaminating solutions. It is recommended that detergent and alcohol be used sparingly in
the decontamination process and water flushing steps be extended to ensure that any sediment
trapped in the pump is removed. The pump exterior and electrical wires must be rinsed with the
decontaminating solutions, as well. The procedure is as follows:
Flush the equipment/pump with potable water.
Flush with non-phosphate detergent solution. If the solution is recycled, the solution must be
changed periodically.
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Flush with potable or distilled/deionized water to remove all of the detergent solution. If the
water is recycled, the water must be changed periodically.
Optional flush with an appropriate solvent such as isopropyl alcohol (pesticide grade, must be
free of ketones [acetone]) or methanol. This step may be required if the well is highly
contaminated or if the equipment blank data from the previous sampling event show that the
level of contaminants is significant.
Flush with distilled/deionized water. This step must remove all traces of solvent (if used) from
the equipment. The final water rinse must not be recycled.
General Decon Procedure 2
Steam clean the outside of the submersible pump.
Pump hot potable water from the steam cleaner through the inside of the pump. This can be
accomplished by placing the pump inside a three or four inch diameter PVC pipe with end cap.
Hot water from the steam cleaner jet will be directed inside the PVC pipe and the pump exterior
will be cleaned. The hot water from the steam cleaner will then be pumped from the PVC pipe
through the pump and collected into another container. Note: additives or solutions should not
be added to the steam cleaner.
Pump non-phosphate detergent solution through the inside of the pump. If the solution is
recycled, the solution must be changed periodically.
Pump potable water through the inside of the pump to remove all of the detergent solution. If the
water is recycled, the water must be changed periodically.
Pump distilled/deionized water through the pump. The final water rinse must not be recycled.

Low Flow Groundwater Purging and Sampling
Revision 4, June 2010

NHDES SOP No. HWRB-9
Weston SOP GW-2
Page 33 of 36

APPENDI X D
SUM M ARY OF SAM PLI NG I NSTRUCTI ONS
These instructions are for using an adjustable rate, submersible pump or a peristaltic pump with
at the midpoint of a 10 foot or less well screen or an open interval (or at
a depth specified in the SAP). The water level in the monitoring well is above the top of the well
screen or open interval and the ambient temperature is above 32 F. Field instruments are already
calibrated. The equipment is setup according to the diagram at the end of these instructions.
1. Review well installation information. Record well depth, length of screen or open interval,
and depth to top of the well screen. Determi
-point of
screen/open interval).
2. On the day of sampling, check security of the well casing, perform any safety checks needed
for the site, lay out a sheet of polyethylene around the well (if necessary), and setup the
equipment. If necessary,
tubing and flow-through-cell from the sun light to prevent the sun light from heating the
groundwater.
3. Check well casing for a reference mark. If missing, make a reference mark.
water level (initial) to 0.01 ft. and record this information.

Measure the

4. Install sampling pump or tubing, if necessary, at the appropriate depth (e.g., midpoint) of the
well screen or open interval. Do not turn-on the pump at this time.
5. Measure water level and record this information.
6. Turn on the pump and discharge the groundwater into a graduated waste bucket. Slowly
increase the flow rate until the water level starts to drop. Reduce the flow rate slightly so the
water level stabilizes. Try to match pumping rate used during previous sampling events.
Record the time and the
and a stop watch. Record the flow rate. Do not let the water level drop below the top of the
well screen.
If the groundwater is highly turbid or colored, continue to discharge the water into the bucket
until the water clears (visual observation); this usually takes a few minutes. The turbid or
colored water is usually from the well being disturbed during the pump installation. If the
water does not clear, then you need to make a choice whether to continue purging the well
(hoping that it will clear after a reasonable time) or continue to the next step. Note: it is
sometimes helpful to install the pump the day before the sampling event so that the disturbed
materials in the well can settle out.
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If the water level drops to the top of the well screen during the purging of the well, stop
purging the well and do the following:
Wait for the well to recharge to a sufficient volume so samples can be collected. This
may take awhile (pump may be removed from well, if turbidity is not a problem). The
project manager will need to make the decision when samples should be collected and the
s log book or sampling worksheet. A water level
measurement needs to be performed and recorded before samples are collected. Remove
one tubing volume of water before sampling, (only if there is a sufficient volume of water
to do so and still collect all the samples). When samples are being collected, the water
level must not drop below the top of the screen or open interval. Collect the samples
dissolved gases samples first unless
specified in the SAP. Normally, the samples requiring a small volume are collected
before the large volume samples are collected just in case there is not sufficient water in
the well to fill all the sample containers. All samples must be collected, preserved, and
stored according to the analytical method. Remove the pump from the well, if not
dedicated, and decontaminate the sampling equipment.
If the water level has dropped 0.3 feet or less from the initial water level (water level measure
before the pump was installed); proceed to the next step. If the water level has dropped more
than 0.3 feet, calculate the volume of water between the initial water level and the stabilized
water level. Add the volume of the water which occupies the p
calculation. This combined volume of water needs to be purged from the well before
samples are be collected.
7.

three-way stopcock (or a
). The
l casing to the stopcock must be as short as possible to prevent
the groundwater in the tubing from heating up from the sun light or from the ambient air. If
connector to serve as a sampling port for the turbidity samples. Attach the remaining end of
the stopcock to a short piece of tubing and connect the tubing to the flow-through-cell bottom
port. To the top port, attach a small piece of tubing to direct the water into a calibrated waste
bucket. Fill the cell with the groundwater and remove all gas bubbles from the cell. Position
the flow-through-cell in such a way that if gas bubbles enter the cell they can easily exit the
cell. If the ports are on the same side of the cell and the cell is cylindrical shape, the cell can
be placed at a 45-degree angle with the ports facing upwards; this position should keep any
gas bubbles entering the cell away from the monitoring probes and allow the gas bubbles to
exit the cell easily (see Low-Flow Setup Diagram). Note: make sure there are no gas bubbles
bubbles.

8. Turn-on the monitoring probes and turbidity meter.
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Record the time, temperature, pH, dissolved oxygen, specific conductance, and
oxidation/reduction potential measurements. Open the valve on the stopcock to collect a
sample for the turbidity measurement, close the valve, do the measurement, and record this
measurement.
-through-cell
using a graduated container and a stop watch, and record the measurement. Measure and
record the water level and drawdown values. Check flow-through-cell for gas bubbles and
sediment, if present remove them.

10. Repeat Step 9 every 5 minutes, or as appropriate, until monitoring parameters stabilized.
Note: Readings shall NOT be taken less than five minutes apart. At least one flowthrough-cell volume must be exchanged between readings. If not, the time interval between
readings will need to be increased.
Stabilization is achieved when three consecutive
measurements are within the following limits:
Temperature
+/-3%
Values are typically rounded to the nearest whole number.
Specific Conductivity (µS/cm ) +/-3%
Values are typically rounded to the nearest whole number.
Dissolved Oxygen (DO) +/-10% for values greater than 0.5 mg/L,
Values are typically rounded to the nearest tenth place number.
Values less than zero point five (0.5) are typically reported as <0.5.
If three consecutive DO values are less than 0.5 mg/L, consider the values as
stabilized.
pH +/- 0.1 unit
Values are typically rounded to the nearest tenth place number.
Oxidation/Reduction Potential (ORP) +/- 10 millivolts
Values are typically rounded to the nearest whole number.
Turbidity +/-10% for values greater than 5 NTU
Values are typically rounded to the nearest whole number.
Values less than five (5) are typically reported as <5.
If three consecutive turbidity values are less than 5 NTU, consider the values as
stabilized.
If these stabilization requirements do not stabilize in a reasonable time, the probes may have
been coated from the materials in the groundwater, from a buildup of sediment in the flowthrough-cell or a gas bubble is lodged in the probe. The cell and the probes will need to be
cleaned. Turn-off the probes (not the pump), disconnect the cell from the stopcock and
continue to purge the well. Disassemble the cell, remove the sediment, and clean the probes
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stopcock. Remove all gas bubbles from the cell, turn-on the probes, and continue the
measurements. Record the time the cell was cleaned.
11. When it is time to collect the groundwater samples, turn-off the monitoring probes, and
stopcock. If you are using a centrifugal or peristaltic
space).
All samples must be collected and preserved according to the analytical method. VOCs and
dissolved gases samples are normally collected first and directly into pre-preserved sample
containers. However, this may not be the case for all sampling locations; the SAP will list
sample containers by allowing the pump discharge to flow gently down the inside of the
container with minimal turbulence. Sample containers should be wiped dry.
for VOCs and/or dissolved gases analyses using a centrifugal or peristaltic pump, do the
following:
All samples must be collected and preserved according to the analytical method. The
VOCs and the dissolved gases (e.g. methane, ethane, ethene, and carbon dioxide) samples
are collected last. When it becomes time to collect
flow rate until the tubing is completely filled. Collect the samples and record the new
flow rate.
12. Store the samples according to the analytical method.
16. Record the total purged volume (graduated waste bucket). Remove the pump from the well,
unless dedicated, and decontaminate the sampling equipment.

STANDARD OPERATING PROCEDURE GW-3
GROUNDWATER MONITORING WELL INSTALLATION
1.

SCOPE AND APPLICATION

The purpose of this Standard Operating Procedure (SOP) is to delineate the quality control
measures required to ensure the accurate installation of groundwater monitoring wells. The term
monitoring well is used to denote any environmental sampling well.
All groundwater wells will be installed in accordance with American Society for Testing and
Materials (ASTM) Standard D5092, “Standard Practice for Design and Installation of Ground
Water Monitoring Wells.” and the New Hampshire Contaminated Site Management
Rules Env-Or 600 Contaminated Site Management, Env-Or 610.04 Groundwater Monitoring
Wells. (a) Each monitoring well shall be designed, installed, developed, maintained, and
decommissioned in accordance with We 100-1000 and the practices described in: (1) “Standards
Relating to Environmental Site Characterization” Second Edition, document identification
number ASTM ENVSIT-06, dated 2006; and (2) ASTM ENVSAM-06. (b) Each monitoring well
shall be: (1) Constructed, maintained, and decommissioned only by a New Hampshire-licensed
water well contractor holding a valid technical drillers license under RSA 482-B; (2) Developed
prior to sampling; and (3) Allowed to equilibrate a minimum of 2 weeks following installation
prior to sampling.

2.

EQUIPMENT

2.1

DRILLING EQUIPMENT
Appropriately sized drill rig adequately equipped with augers, bits, and drill stem
Steam cleaner and water obtained from an approved source for decontaminating
drilling equipment
Photoionization detector (PID) or flame ionization detector (FID)
Water level indicator
Lower explosive limit (LEL)-oxygen monitor
Steel drums for investigation derived waste (IDW) [e.g., drill cuttings, contaminated
personal protective equipment (PPE), decontamination solution (if necessary)]
Source of approved water
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Heavy plastic sheeting
Decontamination area
2.2

WELL INSTALLATION MATERIALS

The specifications for the following materials are included in the well construction:
Well screen
Riser pipe
Plugs/caps
Filter pack
Bentonite
Portland cement
Steel protective casing
Submersible pump
Surge block
Concrete
2.3

DOCUMENTATION
Accident Prevention Plan (APP)
Excavation permits
Utility clearances
Borehole logging form
Well completion forms
Appropriate work plan

2.4

PERSONAL EQUIPMENT
Appropriate PPE (see APP)
Munsell color chart (if required)
Hand lens
Folding rule
First aid kit
Fire extinguisher

3.

RELATED PROCEDURES

SOP A-1: Calibration and Use of Air Monitoring Instruments
SOP G-1: Field Documentation
SOP G-3: Field Sample Numbering
SOP G-4: Quality Assurance/Quality Control
SOP G-6: Decontamination
SOP G-7: Management of Investigation-Derived Waste
SOP G-8: Sample Chain-of-Custody
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SOP G-9: Sample Packing and Shipping
SOP G-10: Surveying
SOP GW-1: Borehole/Well Abandonment
SOP GW-4: Well Development
SOP SS-1: Soil Sampling Using Direct-Push Technology
SOP SS-2: Soil Sampling for Volatile Constituent Analysis
SOP SS-3: Soil Sampling

4.

WELL DRILLING PROCEDURE

4.1

RATIONALE

Sound groundwater sample integrity is dependent primarily on strict adherence to properly
conceived monitoring well construction and development procedures. In addition, it is equally
important that boreholes (i.e., soil borings, wells, and piezometers) be abandoned properly, when
necessary, to preclude the possibility of cross-contamination of water-bearing zones. To ensure
that these goals are met, the following monitoring well drilling and completion procedures will
be utilized.
4.2

PRELIMINARY PROCEDURES

It should not be assumed that the rig will arrive on-site completely decontaminated from the
previous job; therefore, the rig should always be inspected. Road dust can contain elevated levels
of organics and inorganics attached to it. It is always a good idea to have the drillers lay out all
the tools from their side tool panels and wash both the tools and the storage compartments.
Between holes and on-site locations, dirty tools should be decontaminated before being returned
to these compartments.
Standard field procedures should be followed at each borehole location:
Check the location and number of the drilling location against a map and against the
flag or stake. A good rule of thumb is to measure twice and drill once. Make sure you
have a utility clearance for that location.
Back the rig into position so you do not have to drive over the finished hole.
Check the condition of the driller’s downhole measuring device. Often these devices
are missing several inches, tenths of inches, or feet, and, if used, will result in
contradictory hole and well completion information. Remove any electrical tape or
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materials from any devices that, if lost downhole, could result in possible
contamination of groundwater. Ensure that the measuring device is decontaminated
each time it is used.
Drilling is a team effort that includes WESTON personnel and the driller. Arrange
with the driller before activities begin to keep you informed of what he/she sees or
believes is happening downhole. For example, the driller can often tell you when the
soil is getting harder or softer, or when he/s he is losing or gaining fluids (the hole is
making water). These comments often may be related later to lithologic and
hydrostratigraphic changes and, therefore, may verify WESTON logs.
4.3

HOLLOW-STEM AUGER DRILLING

Hollow-stem auger drilling techniques will be employed to advance most of the borings.
Hollow-stem auger drilling uses a series of interlocking auger flights that consist of a continuous
spiral or thread that is wrapped around and welded to a central hollow (tubular) stem or axle. The
finished tool resembles a wood or machine screw, but without the taper. The lead auger has a set
of teeth that cut into the penetrated earth materials. The auger threads then convey the cuttings to
the surface. Hollow-stem augers are specified by their inside diameter and not the outer diameter
of the hole they drill. All hollow-stem auger drilling will be conducted in accordance with
ASTM Standard D5784, “Standard Guide for Use of Hollow-Stem Augers for Geoenvironmental
Exploration and the Installation of Subsurface Water-Quality Monitoring Devices.”
4.3.1

Advantages
Usually the hollow-stem auger is a smaller-sized rig than other drilling methods,
resulting in more mobility. Its shorter boom also allows this type of rig to drill in
areas of low clearance.
Generally, hollow-stem auger drilling is less messy than mud rotary techniques that
require a water supply and may result in the need to containerize drilling fluids (e.g.,
muds) as well as cuttings.
Because no drilling muds are used (introduced to the hole), soil and groundwater
samples are considered more accurate or representative. Well development time
should also be less than for the methods that use mud.
Sample moisture content is more likely to be representative of the formation.
Small-diameter monitoring wells can be installed quickly and efficiently. The augers
provide a temporary casing that prevents borehole collapse, and there are no extra
drilling fluids with which to contend.
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4.3.2

Limitations
Limited in depth of penetration to approximately 75 feet (even less as auger size
increases), depending on the materials encountered and the size of the drill rig.
Difficult to drill through running or heaving sands.
Can smear a layer of fine-grained soil on the side of borehole that may prevent
groundwater from entering. In tight formations or in areas of difficult drilling, the
friction of the augers may bake this skin, resulting in the finished well having limited
or no recharge. The finer the matrix, the greater the chance for smearing the side of
the hole.
Can carry contamination down the hole during the drilling process.
In many formations, the auguring process can be slower than other methods.
Not effective in gravelly or in bouldery soils.
Limits the size of hole that can be drilled.
Generally limited to overburden, weathered, or extremely soft bedrock.

4.3.3

Procedures
Once the rig is in place, ensure that it is level by insisting that the driller have a
carpenter’s level on each rig. Use the level on the rig and the auger. Some rigs have
built-in bubble levels. Hanging the first auger and visually assessing its plumbness is
not as acceptable, particularly on holes expected to be 15 feet or greater in depth.
The first split-spoon is generally taken outside the augers. Standard blow count
procedures, including the ASTM-prescribed hammer weight and fall distances, must
be followed and documented. Samples within the first 1 to 2 feet of the surface are
often compressed by the split-spoon advancement process, resulting in what appears
to be reduced recoveries.
Measure and record the outer diameter of the augers (these may be worn and quite a
bit less than the manufacturer’s claim). These data are required for Soil Boring Log
input (borehole width).
Do not allow the driller to double spoon during sampling. This is done by sampling
an interval (e.g., 5 to 7 feet below ground surface (ft bgs)) and, without auguring over
that interval, immediately sampling the next interval (e.g., 7 to 9 ft bgs) using the
previous split-spoon’s hole for guidance. This usually results in soil from the upper
hole collecting in the second spoon, thereby compromising the sample.
After the first sample is collected, a 5-foot length of auger is advanced, and a
split-spoon sample is collected from 5 to 7 feet. This is referred to as a 5-foot
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sampling interval. Continuous sampling is performed by split-spooning an interval
(e.g., 10 to 12 feet), then advancing the augers over that same interval, so the next
sample would be taken ahead of the augers, from 12 to 14 feet, and so on.
A center plug, which prevents earthen materials from moving up into the augers,
should be used in all but the hardest of materials. The center plug is connected to the
drive head of the rig by rods to ensure that the plug and rods rotate with the auger
flights.
The rods used to lower the split-spoon into the augers are also used, along with the
auger count, to measure the relative position of the spoon from the surface. Inspect
the rods prior to use to ensure that they are the lengths the drillers perceive them to
be.
Carefully watch the progression of the spoon while recording blow counts and note
irregularities in the penetration rate. The use of “fingers” or sand catchers in the
sampler may help produce better retrieval volumes in non-cohesive soils.
Record observations of:
Auger penetration rates.
Characteristics of auger cuttings (i.e., moisture content, color, and texture),
including changes in the nature (behavior) of the cuttings. For example, if the soil
begins to form balls or rope, moisture in the soil has probably increased at that
depth.
Gravel, boulders, and competent bedrock will make the rig bounce, vibrate, or
dance as well as chatter.
Steam coming off the augers. Slow the rig down if possible to prevent baking.
Remember that the cuttings appear at the surface after a time lag, and that this lag
increases with the depth of the hole; therefore, it is not possible to correlate
cuttings with the exact depth being drilled.
Running, heaving, or flowing sands occur when augers intercept a saturated soil unit
whose fluid or formational pressure pushes its materials out into the boring and up the
augers. The use of a center plug can help prevent this, but not after the fact. If running
sands are encountered, the following techniques may be used:
Remove augers and continue the hole using the rotary-flush (case-and-wash or
drive-and-wash) technique (this technique will be used unless directed otherwise;
see Subsection 4.4).
Fill the augers with potable water to apply a reverse/positive pressure against that
of the sands.
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Drill down below the running sand unit and muck out the augers using a sand
pump, dart bailer, and/or roller bit wash.
Drilling into or through sand (flowing and non-flowing), gravel, or expanding clay
(i.e., clay units that, because of overburden pressures, expand into the hole) can lock
up and bind the augers. Avoid leaving the augers in the hole for any prolonged period
(e.g., overnight) if any of these conditions are encountered. This may be difficult
when rock coring is required.
Record on a routine basis the levels of any fluids (depth to water and/or product) in
the auger string.
Depth to bedrock is based on a combination of both split-spoon and auger refusal. If
spoon refusal (50 blows with no penetration) is met and the recovered sample does
not verify bedrock, attempt to auger deeper. A cobble or boulder may have stopped
the spoon. Continuing the borehole using the augers may push the obstruction aside.
If the augers advance, continue to the next scheduled sampling interval and attempt to
collect another spoon sample. Continue this process until both the spoon and augers
have met refusal. Document all refusals (being careful to label them as being either
spoon or auger refusal), rig gyrations, and physical conditions of spoons. The only
certain way to determine bedrock refusal is to take a core.
If a boulder is struck with the augers and the target depth has not been achieved,
move approximately 5 feet away from the hole if you are installing a well (10 feet
away if you are not) and begin drilling a new borehole. Ensure that the original
borehole is properly abandoned (see SOP GW-1).
The 6-inch inside diameter augers used for 2-inch-diameter groundwater monitoring
well placement can generally be used to a depth of 50 feet. At locations where the
overburden is greater than 50 or where heaving sands are expected, hollow-stem
auger methods may be replaced with the case-and-wash drilling method described in
the following subsections.
4.4

CASE-AND-WASH

In areas where the hollow stem auger method is inappropriate (e.g., drilling through a confining
unit or in areas where the borehole will not stay open), case-and-wash drilling or drive-and-wash
procedures may be used. Once the casing depth is reached (not more than 5 feet into the
confining unit), the augers are filled with water to keep the hole open after the augers are
removed. A permanent casing is next set 5 feet in to the confining unit. The casing should not be
pushed or driven into the confining unit. The casing is cemented in place using a
cement/bentonite grout. Once the cement has set (a minimum of 12 hours), a smaller diameter
temporary drive casing is inserted into the permanent casing. The borehole is then finished to the
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target depth by alternating split-spoon sampling and washing ahead using a roller bit (which cuts
ahead of the temporary casing) and potable water as the circulating fluid. Intermediate casing can
be installed without grouting if cross-contamination is not of concern and the primary purpose is
to maintain an open hole in running sands.
4.4.1

Advantages
More effective against running/heavy sands than hollow-stem auger drilling
techniques.
Relatively rapid in terms of downhole drilling speed compared to hollow-stem auger.
Water is used to advance the hole (rather than mud), and development time is
shortened with a resulting decrease in the volume of wastewater for disposal. Sample
integrity is less likely to be uncertain.
Reduced borehole smearing and baking.

4.4.2

Limitations
Limited by the initial size of the auger hole.
Slower than methods that do not require casing to be advanced with the bit.
Requires a large source of potable water.
Produces wastes and fluids that may require disposal.

4.4.3

Procedures
It is important to measure and document water levels during each of the drilling
procedures. Measure water or fluid levels in the permanent casing and, as drilling
proceeds, in the temporary casing as an indication of vertical head differ between the
two intercepted units.
Displace mud between the borehole wall and the permanent casing by tremie grouting
with a cement/bentonite.
Wait a minimum of 12 hours for the cement grout to harden before re-entering the
hole to drill.
Before the temporary casing has been put in place and after the cement is cured,
remove the mud from inside the permanent casing by suction, bailer, or pump. This
mixture is potentially contaminated with chemicals from the upper water-bearing
zone, and needs to be containerized and disposed of properly. The casing needs to be
rinsed out as thoroughly as possible to remove any residue of contaminated mud.
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Similarly, the mud pan also needs to be cleaned. Once these activities have been
completed, fresh, potable water can be added to the hole, and the temporary casing
can be advanced through the low-permeability unit that the permanent casing is keyed
into.
Keep a record of downhole depths. When practical, measure or verify rod lengths.
Document drilling rates as an indication of lithologic change. Ask the driller to
inform you of the changes he/she feels with the rig, or when there are changes in fluid
pressures. Fluid losses in unconsolidated materials may be indicative of porosity and
permeability.
Keep a log of fluid used and lost during the drilling process. The quantity of fluids
lost in the targeted screened interval should be added to the net number of volumes of
water evacuated from a well during development.
4.5

ROTOSONIC DRILLING

Rotosonic is a core drilling method that employs simultaneous high frequency vibration and low
speed rotational motion along with downward pressure to advance the core barrel without use of
drilling fluid or air. The core barrel can generally advance from 5 to 20 feet at one time,
depending on the length of the core barrel. The drill cuttings are brought to the surface by
removal of the entire core barrel from the borehole and the cuttings are vibrated out of the barrel.
If required for logging purposes, the cuttings are collected in plastic sleeves. An outer casing is
generally washed-down with water to stabilize the borehole from collapse and heaving sand. The
outer casing prevents cross-contamination and formation mixing.
4.5.1

Advantages
No drilling fluids or muds are required to bring the cuttings to the surface and the
aquifer is less likely to be contaminated by the drilling method.
Rotosonic drilling generates less cuttings than other drilling methods.
Provides continuous core.
Drills almost any formation.
Ability to obtain large diameter (3- to 10-inch) continuous core samples of almost any
overburden formation without the use of air, fluid or additive circulation, and with or
without rotation.
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Can drill and sample through boulders, wood, concrete and other construction debris
which with conventional rigs usually causes refusal and necessitates moving and
re-drilling.
Allows for piezometric observation during the boring process.
Can lower overall project costs
4.5.2

Limitations
Not widely available
Borehole depths limited to 300 ft bgs.
Harder bedrock such as granite can be drilled and sampled, though the costs are
higher due to excessive wear on bits, drill pipe and the drill head. If large amounts of
hard bedrock need to be drilled and sampled the Sonic rig can be quickly adapted for
diamond wire-line or air hammer drilling.

4.5.3

Procedures

The Sonic drilling system employs simultaneous, high-frequency, vibratory energy and the
optional/adjustable application of low speed rotational motion and down-pressure to advance the
cutting edge of a Sonic drill bit. This action produces a uniform borehole while providing
continuous, representative, relatively undisturbed core samples of both overburden and most
bedrock formations.
The Sonic system can drill and sample softer bedrock formations such as sandstone, limestone,
shale and slate with excellent results. However, this does not imply that Sonic requires
“circulation” through this addition of water, but rather lubrication and cleansing of the bit
generally with low volumes and pressures, which generally dissipate into the formation easily.
A Sonic drill rig advances a 3- to 10-inch-diameter (nominal) core barrel for sampling and can
advance up to a 12-inch-diameter outer casing for the construction of wells, casings, anchors and
grout holes. When drilling, the core barrel is advanced ahead of the outer casing, micropile or
anchor in one to thirty foot in outer casing can be advanced down over the inner barrel, to collect
a relatively undisturbed core sample as an inherent part of the drilling process. The outer casing
can be advanced completely dry in most situations, or it can be advanced with water, air or
drilling fluid additives, depending upon the formations being drilled, the depth and the diameter
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of the borehole. Nominal outer casing diameters are 3.5-inch, 4.5-inch, 5.5-inch, 7.5-inch,
8.5-inch, 10.5-inch and 12.5-inch, although a variety of casing sizes and combinations are
possible.
Very few, if any, drill cuttings are conveyed to the surface, except for the core sample itself. As a
result the volume of drill cuttings generated during Sonic drilling is in most cases only 10% to
20% of the volume created by hollow stem auger, rotary, or cable tool methods. Optimum
penetration rates are obtained when the vibration frequency and down-pressure work in harmony
(Boart Longyear Co., Environmental Drilling Div., Sonic Drilling, 2005).
4.6

AIR ROTARY DRILLING

Air rotary uses air as a primary means of transporting drill cuttings to the surface. A large
compressor provides filtered air that is piped to the swivel hose connected to the top of the Kelly
bushing or drill pipe. The air, forced down the drill pipe, escapes through small ports at the
bottom of the drill bit, thereby lifting the cuttings and cooling the bit. The cuttings are blown out
the top of the hole and are collected at the surface in a cyclone unit and a two-to four-yard
roll-off container. Injection of a small volume of clean water into the air system controls dust and
lowers the temperature of the air so that the swivel is cooled. Air drilling is effective in
semi-consolidated or consolidated materials.
A second direct rotary method using air is called the “down-the-hole” or percussion downhole
hammer drilling system. A pneumatic drill operated at the end of the drill pipe rapidly strikes the
rock while the drill pipe is slowly rotated. The percussive effect is similar to the blows delivered
by a cable tool bit. Cuttings are removed continuously by the air used to drive the hammer.
4.6.1

Advantages
Air rotary drilling is typically used for softer formation materials, such as limestone,
sandstone, and some of the softer metamorphic rocks; percussion air rotary methods
are used for harder metamorphic and igneous rock formations.
Equipment is generally available.
Borehole advancement can exceed several hundred ft per day (without sampling).
Least expensive method measured on a footage basis.
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4.6.2

Limitations
Ineffective in hard metamorphic and igneous rocks.
When drilling in areas of groundwater contaminated with VOCs, the air discharge of
the drilling process is effective at discharging VOCs dissolved in groundwater to the
atmosphere.

4.6.3

Procedures
Utilizing air rotary/air hammer drilling techniques, advance the borehole through the
fill and overburden to the top of bedrock. In some cases due to water table or soil
conditions, mud rotary drilling methods will be required to maintain an open
borehole. In such cases, the mud/water mixture will be used instead of air as the
drilling fluid.
Advance 5-inch-diameter steel casing from just above ground surface to bedrock
surface by hydraulic pressure, driving and/or spinning.
Drill a 5-inch-diameter borehole though the 5-inch casing approximately 5 feet to 20
feet into the bedrock surface (penetration into bedrock to be determined based on
competency of the bedrock and exploration objectives).
Within the 5-inch casing, advance 4-inch-diameter casing approximately 5 feet to 20
feet into the bedrock surface (penetration into bedrock to be determined based on
competency of the bedrock). Grout the casing into place, allowing the grout to set up
overnight. Remove the 5-inch casing.
Once the grout has cured, continue to advance the borehole with a 3 7/8-inch air
rotary/air hammer bit to the target termination depth. Record the rate of borehole
advancement (feet per minute) on the field log.
Use a washtub to separate soil and rock cuttings from the drilling water. In the event
the drilling water cannot be released to the ground surface, the water will be
containerized and treated on site prior to release to the ground surface.
Collect drill cuttings from beneath the drilling skirt using a screen strainer with a long
handle. Obtain samples at 20-foot intervals and/or when fractures are encountered
during and place on a clean sheet of poly. Be sure to segregate samples.
Visually inspect the drill cuttings for changes in lithology, color, texture, etc. In
addition note odors and the presence of sheen, staining or globules in the drill cuttings
or wash water. Record on the field log. Transfer cuttings to clean, glass drillers jars,
labeled with the boring number and sample depth.
Field screening for total VOCs will be performed on drill cuttings and drilling water
samples using jar headspace methods with a FID or photoionization detector (PID)
equipped with an 11.7 electron volt lamp. Drilling water will be placed on the ground
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surface as investigation derived waste contingent upon total VOC field screening
results.
Drill cuttings will be drummed. Due to the compressed air used during drilling,
volatilization will occur during removal of the drill cuttings from the borehole. The
FID should also be used to monitor the air space proximate to the borehole.
Drill cuttings and drill water samples exhibiting jar headspace readings greater than
100 and 10 ppm, respectively or greater will be containerized in 55-gallon open-top
steel drums and/or stockpiled and covered with poly should characterization of drill
cuttings or treatment of drilling water becomes necessary. Monitoring of total VOCs
within the breathing zone around the drill rig will also be performed and documented
in accordance with the SSHSP.
When water-bearing fractures are encountered during drilling, the drill rig shall be
used to perform “blow tests.” Blow tests are completed to estimate the net flow rate
of the borehole. In the event that water bearing fractures are not readily apparent,
perform blow tests at 20-foot intervals. At the completion of the borehole, a final
blow test should be performed for a minimum of 15 minutes.
Following completion of the borehole, collect the depth to water using a water level
meter, referencing to the top of permanent casing and/or ground surface. Note that the
depth to water will likely not represent static water level until the borehole has been
purged and allowed to recover. Collect several measurements over time to estimate
the rate of borehole recharge.

5.

WELL CONSTRUCTION

5.1

MATERIALS

5.1.1

Casing/Screen

Polyvinyl chloride (PVC) used for screens, casings, and fittings will conform to the National
Sanitation Foundation (NSF) Standard 14 for potable water usage or ASTM Standard F480, and
bear the appropriate rating logo. If screen and/or casing manufacturers or suppliers remove or do
not apply this logo, WESTON will verify that NSF or ASTM has appropriately rated the screens
and/or casing. All materials will be as chemically inert as technically practical with respect to the
site environment. All well screens will be commercially fabricated, machine-slotted, and have an
inside diameter equal to or greater than the inside diameter of the well casing. No fitting will
restrict the inside diameter of the joined casing and/or screen. All screens, casings, and fittings
will be new. Screens will have the largest open area per unit length that is practical for the
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adjacent aquifer and available filter. Couplings within the casing and between the casing and
screen will be compatibly threaded. Thermal or solvent welded couplings on plastic pipe will not
be used. This also applies to threaded or slip-joint couplings thermally welded to the casing by the
manufacturer or in the field.

Each cap will be constructed to preclude binding to the well casing due to tightness of fit,
unclean surface, or frost, and secure enough to preclude debris and insects from entering the
well. Caps and risers may be threaded; however, sufficient annular space will be allowed
between the well and protective casing to enable one to thaw any frosted shut caps. Preferably,
unfiltered vents will not be placed in these caps or in the well riser/stickup. Unfiltered vents may
compromise water s ample integrity by allowing foreign materials to enter the well between
sampling events. Caps will be loose enough to allow equilibration between hydrostatic and
atmospheric pressures or have filtered vents. Special cap (and riser) designs will be provided for
wells in floodplains and those instances where the top of the well may be below grade, e.g., in
roadways and parking lots.
The use of well centralizers will be considered for wells deeper than 20 feet. When used, they
will be of PVC, PTFE, or stainless steel and attached to the casing at regular intervals by means
of stainless steel fasteners or strapping. Centralizers will not be attached to the well screen or to
that part of the well casing exposed to the granular filter or bentonite seal. Centralizers will be
oriented to allow for the unrestricted passage of the tremie pipe(s) used for filter pack and grout
placement.
5.1.2

Filter Pack

All granular filters will be approved prior to drilling and will be discussed in the work plans.
Discussions will include composition, source, placement, and gradation. Selection of the filter
pack grain size shall be based on the grain size of the formation screened; composite filter packs
may be used in cases where the filter pack screens formations of different grain size (refer to
ASTM D5092 for specific requirements). If t he actual gradation is to be determined during
drilling, then more than one filter pack gradation will be available so that well installation will
not be unnecessarily delayed.
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Granular filter packs will be visually free of material that would pass through a No. 200 [75micrometer (µm)] sieve, inert, siliceous, composed of rounded grains, and of appropriate size for
the well screen and host environment. The filter material will be packaged in bags by the
supplier and therein delivered to the site.
The filter pack material shall be placed in the borehole annulus at a slow, uniform rate, in a
manner to prevent bridging. As filter pack material is added to the annulus, the drill string will be
removed slowly, allowing the filter pack material to settle into place while preventing collapse of
the borehole. A measuring device will be used to sound the filter pack level in the borehole
annulus during placement to detect and prevent bridging.
5.1.3

Bentonite Seal

Bentonite is the only material that is allowed for sealing or as drilling mud under normal
circumstances. This includes any form of bentonite (powders, granules, or pellets) intended for
drilling mud, grout, or seals. Chips or pellets of an appropriate size depending on the annular
space available will be used to form the well seal. If chips are used, they should be sieved to
remove fine-grained material.
Organic additives will not be used in drilling mud. An exception might be made for some
high-yield bentonites, to which the manufacturer has added a small quantity of polymer. The use
of any bentonite will be discussed in the work plans. Bentonite will be used only if absolutely
necessary to ensure that the borehole will not collapse or to improve cuttings removal.
5.1.4

Grout

Grout, when used in monitoring well construction or borehole/well abandonment, will be
composed of Portland cement, bentonite (0 to 10% dry bentonite per 94-pound sack of dry
cement), and a maximum 6 to 7 gallons of approved water per sack of cement. The amount of
water per sack of cement required for a pumpable mix will vary with the amount of bentonite
used. The amount of water used will be kept to a minimum. Neither additives nor borehole
cuttings will be mixed with the grout.
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All grout materials will be combined in an aboveground rigid container or mixer, and
mechanically (not manually) blended on-site to produce a thick, lump-free mixture throughout
the mixing vessel. The mixed grout will be recirculated through the grout pump prior to
placement. Grout will be placed using a grout pump and pipe/tremie. The grout pipe will be of
rigid construction for vertical control of pipe placement. Drill rods, rigid PVC, or metal pipes are
suggested stock for tremie pipes. If hoses or flexible plastics must be used, they may have to be
fitted with a length of steel pipe at the downhole end to keep the flexible material from curling
and embedding itself into the borehole wall. This is especially true in cold weather when the
coiled material resists straightening. Grout pipes will have side discharge. The side discharge
will help to maintain the integrity of the underlying material (especially the bentonite seal). The
grout materials within the annular space seal shall be allowed to settle, and will be topped off to
ground surface within 24 hours of the initial grout placement. Prior to exposing any portion of
the borehole above the seal by removal of the drill casing, the annulus between the drill casing
and the well casing should be filled with sufficient bentonite-cement grout using a tremie pipe to
allow for planned drill casing removal. The grout will be pumped into the annular space under
pressure using a tremie pipe placed at the top of the bentonite seal to ensure a continuous seal.
The grout should not penetrate any portion of the well screen or granular filter pack. Disturbance
of the bentonite seal should be minimal.
5.2

WATER SOURCE

To the extent practical, the use of drilling water will be held to a minimum. When water usage is
deemed necessary, the source of any water used in drilling, grouting, sealing, filter placement,
well installation, well decommissioning/abandonment, or equipment washing will be approved
prior to arrival of the drilling equipment on-site and specified in the work plans. Desirable
characteristics for the source include:
An uncontaminated aquifer origin.
Wellhead upgradient of potential contaminant sources.
Free of survey-related contaminants by virtue of pretesting (sampling and analysis
using a laboratory validated for those contaminants using methods within that
validation).
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Water that is untreated and unfiltered.
A tap having accessibility and capacity (greater than 10 gpm) compatible with project
schedules and equipment.
Only one designated tap for access.
Surface water bodies will not be used, if at all practical. If a suitable source exists
on-site, that source will be used. The drilling subcontractor will have the
responsibility to procure, transport, and store the water required for project needs in a
manner that avoids the chemical contamination or degradation of the water once
obtained. The drilling subcontractor will also be responsible for any heating, thermal
insulation, or agitation of the water to maintain the water as a fluid for its intended uses.
5.3

DELIVERY, STORAGE, AND HANDLING OF MATERIALS

Materials will be delivered to the site and stored in a secure area. Subcontractors are generally
responsible for scheduling delivery and ordering those supplies pertaining to the installation of
wells. An inventory will be kept to track the materials. Perishable materials will be covered with
tarps and secured to prevent water damage. All materials will be handled in a safe manner and in
accordance with health and safety protocols.

6.

WELL INSTALLATION

6.1

PREPARATION

Every morning before entering the field, the field team and drilling subcontractor will meet to
discuss the location and construction criteria for the day’s activities. The field geologist will also
ensure that the drilling subcontractor obtains all necessary supplies for the day’s work (e.g.,
bentonite, Portland cement, and screen and riser), and has decontaminated all equipment and
manmade construction materials to be used downhole (e.g., augers and PVC screen and riser).
All available data (e.g., borehole logs) should be reviewed to determine expected formation
depths prior to the day’s drilling.
6.2

DOCUMENTATION

During any activities pertaining to well construction, abandonment, or development, the field
geologist will note in the field logbook the following information:

G:\PROJECTS\20118002\AppendixD\Groundwater SOPs\GW-3.doc

Page 17 of 28

1 December 2011

Length of time required to perform all drill rig activities (e.g., overdrilling, well
construction, abandonment/grouting, development times, and pumping rates).
All well construction/abandonment supplies used (e.g., bentonite, Portland cement,
filter sand, and screen/riser footage).
Any difficulties in well construction, development, or abandonment. This information
may be used to substantiate a change of scope or explain anomalous sampling data.
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Exact measurements (using a tape measure) of screen, end cap trap, and riser lengths.
A completed well construction diagram.
At the end of the day or the following morning, before commencing with daily activities, the
field geologist should go over the day’s billing (time and materials). The driller’s signature
should be obtained acknowledging the accuracy of the figures reported. This is the only information
available to verify subcontractor invoices.

Get a copy of Driller’s Log of Activities for the same period.
Submit Well Completion Form.
Submit Borehole Completion Form.
The following procedure will be used to drill wells and piezometers:
Mobilize to decontamination area.
Decontaminate all equipment according to SOP G-6.
Inspect the rig for any leaks (e.g., oil or hydraulic fluid) and the equipment for
cleanliness (i.e., lack of dirt and grease). The only lubricant that may be used on
equipment that enters a borehole is Teflon tape (with the exception of Num a Lube,
which may be used in a downhole hammer).
Mobilize to the site.
Survey the well location for utilities, access, and work areas.
Set up exclusion zone and work areas.
Set up sampling and monitoring equipment, including a sample description table
covered with polyethylene sheeting, if appropriate.
Lithologic samples will normally be collected, field screened with a PID or FID, and
described for every 5-foot interval (minimum), or more often if a change in lithology
is observed or is required. Augered intervals between split-spoon samples will be
described from cuttings when practical.
Record all observations in the field logbook. It is critical to note any change in
lithology, texture, color, moisture content, and bedding.
Complete borehole and record completion information in the field logbook.
Mark boring by appropriate method.
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Clean up area (i.e., leave the site as close to its original condition as possible):
Drum or spread any cuttings.
Line up, properly seal, and label all drums, noting the type of material in the drum
and field instrument readings (see SOP G-7).
Remove all trash.
Borehole completion may take one of two forms:
Piezometer construction.
Monitor well construction.
Completion procedures for each borehole type are described in the following subsections.
6.3

PIEZOMETERS

Piezometers are installed where additional information is needed to more accurately evaluate the

groundwater flow direction in a given aquifer. Piezometers can also be used to collect
groundwater samples for analytical screening purposes.
6.3.1

Construction

The following piezometer construction procedures will be followed:
Piezometers will generally be constructed in boreholes advanced with 4.25-inch
inside diameter, hollow-stem augers.
Piezometers will be constructed within the augers as the augers are pulled back and
will typically be constructed using either 1-or 2-inch-diameter PVC with a 5-foot
screen length and a threaded bottom cap with a drain hole drilled in the bottom cap to
allow drainage if the water table drops below the total depth of the piezometer. The
well screen will be machine-slotted with No. 10 slots (0.010 inch). The screened
section will be threaded to attach to the PVC riser pipe. PVC cement will never be
used to joint sections.
Place decontaminated PVC screen and riser into the auger.
Use Morie No. 1 or finer sand to create a filter pack that will extend from total depth
to approximately 1 to 2 feet above the top of the screen as the augers are withdrawn
from the borehole.
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Place a minimum 3-foot-thick bentonite pellet seal above the filter pack. Add pellets
slowly to minimize the risk of bridging that could result in inadequate sealing
properties. Allow pellets to hydrate for 10 to 15 minutes. If the seal is located above
the water table (dry), use a pure bentonite slurry or pour potable water on the pellets
to cause them to hydrate. Depending on the hydrogeologic conditions encountered in
the borehole and/or intended use, actual screen and filter pack lengths may vary (e.g.,
1- or 2-foot screens may be used). The Project Manager (PM) is responsible for
approving any nonstandard construction details based on intended use and lithologic
constraints.
Tremie grout a cement/bentonite grout slurry from the top of the seal to 4 ft bgs. The
grout slurry will consist of the following ratio of components:
94 pounds of Type I Portland cement.
4 pounds of pure sodium bentonite powder.
No more than 6.5 gallons of potable water.
Proper grouting techniques are required to prevent cross-contamination. Thus, it is
imperative that the field team closely supervise all grouting operations.
Two piezometers may be installed in the same borehole if logistics warrant this type
of procedure (i.e., difficult access or thick concrete at the ground surface). Nested
piezometer installation will be conducted as described previously, except that a
bentonite seal will be installed as an impermeable layer between the screened
intervals. Specifically, the lower screen’s bentonite seal will extend to 1 foot below
the proposed depth of the upper screen. A minimum 1-foot-thick filter pack base
(normally 2 feet thick) will be added to avoid possible contact of the upper screen
with the bentonite seal.
Complete the piezometer as directed in Section 7.
6.4
6.4.1

OVERBURDEN MONITORING WELLS
Specifications

Overburden monitoring wells generally will be constructed in a borehole advanced by
hollow-stem augers and without the use of drilling fluids, where possible; however, in areas of
running sands or difficult drilling, case-and-wash techniques, using 8-inch interior diameter,
hardened-steel casing with a drive shoe and a tricone roller technique will be used. For
descriptive purposes, split-spoon samples will normally be continuously collected, or less
frequently at 5-foot intervals under the discretion of the client. Lithology will be described
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following the Unified Soil Classification System (USCS). All water used for drilling operations
and well development will be obtained from documented supply wells.
The overburden wells generally will monitor 5- to 10-foot intervals, or as specified in the work
plan; however, screen length may be modified by the field geologist to accommodate specific
data needs. Proposed screened intervals may be changed based on the results of soil screening
with a PID or FID, or when highly permeable zones are encountered. Wells installed to monitor
the water table will be screened from approximately 3 feet above the existing water level in the
borehole to approximately 7 feet below this level to allow for seasonal groundwater table
fluctuations. Where floating product is suspected to exist, screens will be installed to extend
5 feet above the water table.
After completion of the borehole, the monitoring well will be constructed using Schedule 40
PVC riser and well screen. The PVC well screen will be machine-slotted and will be No. 10
(0.010-inch). Filter pack and well slot size was selected based on the mean grain size of the
majority of the finely grained geologic deposits in the screened interval, and was designed to
retain most of the formation.
Morie or equivalent sand, used for the sand pack, should not extend less than 2 feet above the top
of the screen. The mean grain size of the filter pack should be twice the mean grain size of the
formation material based on lithologic information. A seal consisting of pure sodium bentonite
pellets or chips, approximately 3 feet thick, will be placed above the filter pack. A minimum of
3 to 4 hours for hydration of the bentonite pellets or tabs is required when cement grout is used
above the seal. If bentonite chips are used, the minimum hydration time could be twice as long.
If the seal is above the water table, the pellets will be hydrated with potable water. Bentonite
chips should not be placed in the vadose zone. Cement/bentonite grout will be tremied into place
from the top of the bentonite seal to the ground surface. The protective casing will then be
installed, and grout will be added to the annulus between the borehole and the exterior wall of
the protective casing. To prevent frost heaving, a pure bentonite slurry will be added to the
annulus between the well casing and the interior of the protective casing. Each batch of grout
will be mixed to consist of 94 pounds of Type I Portland cement or equivalent, 4 pounds of pure
sodium bentonite powder, and not more than 6.5 gallons of potable water. The bentonite pellets
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and grout seal should be a minimum of 5 feet thick (2 feet of pellets and at least 3 feet of
cement/bentonite grout).
All well casing will be decontaminated as described in SOP G-6. The PVC casing and screen
will be joined with flush-threaded joints. Glue is not permitted to join casing or screen. If a slip
cap is used for a bottom cap, it should be affixed to the well screen using stainless steel screws.
All PVC will conform to the ASTM Standard F480or NSF Standard 14 (plastic pipe system).
6.4.2

Construction

A diagram depicting single-cased groundwater monitoring well construction details is shown in
Figure 1. The following construction details will be followed when installing single-cased
overburden wells:
Discuss construction details (screen and filter pack size).
Lower screen and riser into the augers or temporary casing to the bottom of the well.
If the well exceeds 50 feet in depth, two centralizers will be used.
Add the appropriate grade of Morie or equivalent sand to the annulus around the
screen to 2 feet above the screen as the augers are pulled back. If case-and-wash
methods are used, the sand will be added while the temporary casing is pulled back.
Add a 3-foot-thick seal consisting of pure sodium bentonite pellets or chips. If the
seal will be above the water table, potable water will be poured on the pellets to cause
them to hydrate.
Pellets will be tamped down to the top of the sand pack and allowed to hydrate for
3 to 4 hours before the rest of the annulus is grouted.
Tremie grout (above the bentonite seal).
Complete well as directed in Section 7.
Note: The bentonite and grout seal should be a minimum of 5 feet thick (2 feet of
pellets or bentonite slurry and at least 3 feet of cement/bentonite grout). Deviations
from these procedures are sometimes necessary because of field conditions, but must
be approved.
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7.

WELL COMPLETION

7.1

BACKGROUND

Elements of well protection are intended to protect the monitoring well from physical damage, to
prevent erosion and/or ponding in the immediate vicinity of the monitoring well, and to enhance
the validity of the water samples.
The potential for physical damage is lessened by the installation of padlocked, protective
iron/steel casing over the monitoring well and iron/steel posts around the well (when needed for
protection). The casing and posts will be new. The protective casing diameter or minimum
dimension will be 2 inches greater than the nominal diameter of the monitoring well, and the
nominal length will be 5 feet. The protective casing will be vented to the atmosphere via a
hinged locking cap that will prevent entry of water, but will not be airtight. The concrete/cement
filled posts will be at least 3 inches in diameter and the top modified to preclude the entry of
water. The nominal length of the posts will be 6 feet. Special circumstances necessitating
different materials will be addressed in the work plan. The protective casing and posts for the
aboveground finished monitoring wells will be painted yellow for corrosion protection and
visibility.
Erosion and/or ponding in the immediate vicinity of the monitoring well may be prevented by
assuring that the ground surface slopes away from the monitoring well protective casing by the
installation of a 3-ft by 3-ft coarse gravel blanket or cement pad around the well.
Wells will contain a locking cover on the protective casing. The cover will be hinged or
telescoped, but not threaded. All locks on these covers should be opened by a single key, if
possible.
7.2

ABOVEGROUND WELL COMPLETION

Aboveground wells will be completed as follows:
Extend the well casing 2 to 3 feet above ground surface.
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Provide an end plug or casing cap for each well. Use a filtered vented cap or drill a
small (0.125-inch) hole into the PVC riser just below the PVC cap or into the PVC
cap to allow air circulation in the well.
Shield the extended well casing with a carbon steel protective casing that is set over
the well casing and cap and extends to a depth of 3 ft bgs.
Grout the annular space between the borehole and the protective casing with
cement/bentonite grout to a depth of 4 ft bgs.
Fill the annular space between the well casing and the protective casing with pure
sodium bentonite slurry to protect the well casing from frost heave.
A ground surface seal shall be constructed using a minimum of 6 inches of concrete
below the land surface and sloped away from the protective casing. The ground
surface seal shall be installed around the protective cover and may not be placed
between the protective cover pipe and the well casing. The top of the anchor pad at
the outer edge shall be at the level of the surrounding ground surface and slope
upward toward the casing at 1/4 inch per foot.
Drill a small diameter hole (0.25- to 0.375-inch) in the protective casing (weep hole)
near the top of the cement pad to allow for drainage, and mark a survey location on
the inner casing (mark with an indelible marker or cut a small notch in the PVC on
the side toward the hinge).
Install a lockable cap or lid on the protective casing.
Mark the well number clearly on the protective casing cap using impact lettering.
Install three 3-inch-diameter, concrete-filled steel guard posts (bollards), if directed to
do so by the on-site geologist.
The bollards will be 6 feet in total length and installed radially from each well head.
Recess the guard posts approximately 2 feet into the ground outside of the cement pad
and set in concrete approximately 3 to 5 feet from the protective casing.
Fill each guard post with concrete.
All wells will be secured as soon as possible after drilling. Corrosion-resistant locks
will be used for both flush and aboveground well assemblies. The locks must have
extended shanks.
7.3

FLUSH-MOUNTED WELL COMPLETION

Groundwater monitoring wells will be completed aboveground at most locations. Where well
stickup is of concern, the well will be completed as a flush mount, level with the ground surface.
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Flush-mounted wells will be completed as follows:
Cut the casing 2 to 3 inches bgs, and install a protective locking lid consisting of a
cast-iron valve box assembly or manhole cover. The flush-mounted protective cover
pipe may not extend beyond the annular space seal.
Center the lid assembly in a 3-foot-diameter concrete pad sloped away from the valve
box. The concrete anchor pad surrounding the flush-mounted protective cover pipe
shall be placed to a minimum depth of 6 inches bgs to prevent frost heaving. The top
of the anchor pad at the outer edge shall be at the level of the surrounding ground
surface and slope upward toward the casing at 1/4 inch per foot.
Provide a compressive cap with a filtered vent for equilibrium and to prevent
infiltration of surface water.
There may be no more than 12 inches between the top of the monitoring well casing
and the top of the flush-mounted cover pipe after installation.
Clearly mark the well number on the valve box lid and well casing using an impact
labeling method or equivalent, and mark a surveying point on the inner casing.

8.

MAINTENANCE

Wells need to be examined periodically (normally during sampling) to determine if they have
been damaged, vandalized, or otherwise compromised, and also to check for evidence of
disintegration such as cracked casing, pads, or surface seals, and to check the security of the well
(locked cap).

9.

PRECAUTIONS
Refer to the APP for discussions of hazards and preventive measures.
Make sure all utility clearances have been obtained.
Be especially observant of overhead hazards (e.g., electric, trees).
Stop drilling if unexpected refusal is encountered within 10 feet of grade and evaluate
cuttings. It may be an unmarked utility or other hazard.

10.
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FIGURE 1
TYPICAL OVERBURDEN WELL INSTALLATION
99P-0604

STANDARD OPERATING PROCEDURE GW-4
WELL DEVELOPMENT
1.

SCOPE AND APPLICATION

Well development is the process by which foreign materials and solids are removed from the
screen filter pack or open hole, allowing water to flow freely into the well. This process is
accomplished by moving water through the well screen or borehole into and out of the
surrounding material. Well development serves four principal purposes:
Removes materials that have built up in the openings of the screen or borehole during
the well drilling and installation process.
Removes fine materials from the side of the borehole that result from the drilling
procedures (e.g., drilling mud).
Increases hydraulic conductivity of the filter pack and adjacent geologic materials by
removing fine materials.
Stabilizes the fine materials that remain in the vicinity of the well, thereby retarding
their entry into the well.
The benefits are increased yield and reduced suspended solids, which result in better sample
representativeness.
Well development will be conducted in accordance with the New Hampshire Contaminated Site
Management Rules Env-Or 600 Contaminated Site Management, Env-Or 610.04 Groundwater
Monitoring Wells. (a) Each monitoring well shall be designed, installed, developed, maintained,
and decommissioned in accordance with We 100-1000 and the practices described in: (1)
“Standards Relating to Environmental Site Characterization” Second Edition, document
identification number ASTM ENVSIT-06, dated 2006; and (2) ASTM ENVSAM-06. (b) Each
monitoring well shall be: (1) Constructed, maintained, and decommissioned only by a New
Hampshire-licensed water well contractor holding a valid technical drillers license under RSA
482-B; (2) Developed prior to sampling; and (3) Allowed to equilibrate a minimum of 2 weeks
following installation prior to sampling.
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The well will be developed using mechanical surging or equivalent and overpumping. In this
method (surge blocking), a surge block is pushed in and pulled out of the well in a plunger-like
fashion. As fines are flushed into the well, they are pumped out or bailed out. This method is the
most effective method of development, but is used only to develop screened wells because it may
cause collapse in an open borehole.
All materials placed in the wells must be decontaminated prior to their use. The tubing will be
dedicated to each individual well and will be disposed of after use. All pumps must be equipped
with clean wiring (no electrical or duct tape), and have either polyvinyl chloride (PVC) or
polyethylene tubing. If well yields cannot sustain the flow rate of the submersible pump, a
dedicated or disposable bailer will be used to evacuate the well. Water will not be added to the
well to aid in development, nor will any type of air-lift technique be used.

2.

EQUIPMENT
Well development forms and pens
Deionized water and decontamination supplies
Stopwatch/wristwatch
Electronic water level measurement device
Surge block
Submersible pump
Generator (or battery source)
Polyethylene tubing
Bailer (as required)
Flow rate/volume measurement devices
Turbidity meter
Thermometer
pH meter
Electrical conductivity meter
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Organic vapor detector (photoionization detector (PID) or flame ionization detector
(FID))
Dissolved oxygen meter (optional)
Eh meter (optional)
1,000-ml Imhoff cone (optional)

3.

RELATED PROCEDURES

SOP G-1
SOP G-2
SOP G-6
SOP G-7
SOP GW-6

4.

Field Documentation
Calibration and Use of Water Quality Instruments
Decontamination
Management of Investigation Derived Waste (IDW)
Water Level and Well Depth Measurements

WELL DEVELOPMENT PROCEDURES

Overburden wells are developed as follows:
Development should not be performed sooner than 24 hours after installation to
ensure that the grout has had ample time to cure, unless grout is above the depth of
the water table.
Overburden well development will be performed using surge block or similar
techniques. Depending on well construction design, the surging will either be
performed manually using a surge block connected to a tremie pipe (or equivalent) or
operated mechanically from the drilling rig. The entire length of the saturated well
screen will b e surged. Surging will alternate with pumping for a minimum of 1 hour
or up to 4 hours, until sediment production nearly ceases.
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The wells will then be pumped (if yields are high enough: >0.5 gpm) using a
decontaminated submersible pump (low-yielding wells should be pumped with a
2-inch outer diameter adjustable rate pump or manually bailed). All pumps will be
equipped with clean wiring and PVC or polyethylene tubing. The submersible pumps
should be capable of operating at a range of pumping rates [generally from 1 to
10 gallons per minute (gpm)], either by use of different pumps or throttling back on
pump flow to meet well yield conditions.
At regular intervals (such as every 15 minutes during development), purge rate; depth
to water; and groundwater pH, temperature, electrical conductivity, PID/FID
readings, turbidity, incremental, and total volume purged will be recorded. All purge
water will be containerized. Well development will proceed until the following
conditions are met:
Clear, sediment-free formation water is produced from the wells.
Stabilization of water quality parameters. Stabilization will be defined by the
following variances between three successive readings: pH within ± 0.1%;
conductivity within ± 3%; DO, ORP, and turbidity within ± 10%; and temperature
within ± 1oC (Puls and Barcelona, 1996).
At least three well volumes (including the saturated filter material in the annulus)
plus the volume of water added during the drilling process (if any) have been
removed from the well.
Five well volumes have been purged, regardless of stabilization of the water
quality parameters.
Turbidity measurements are less than or equal to 5 nephelometric turbidity units
(NTUs).
-The sediment thickness remaining in the well is less than 5% of the screen
length.
After 4 hours, if a turbidity of 5 NTU cannot be achieved, well development will
discontinue, and the final turbidity will be noted in the log.
Because one of the objectives during well development is the determination of well
yield in gpm, the depth to water will be measured at the same time as the other
parameters, and the flow of the submersible pump (if used) will be adjusted so that
the water level stabilizes. At that point, flow rate should be approximately equal to
well yield. The submersible pump intake will be placed below the water level and
lowered as the water level drops. If the well goes dry during development, water
levels should be recorded during a 10-minute recovery test that will be run to
determine the rate at which groundwater is entering the well. Water levels are taken at
intervals of 0 seconds, 15 seconds, 30 seconds, 1 minute, 2 minutes, 5 minutes, and
10 minutes. At the end of development, an estimation of yield will be recorded on the
Well Development Form.
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STANDARD OPERATING PROCEDURE GW-6
WATER LEVEL AND WELL DEPTH MEASUREMENTS
1.

SCOPE AND APPLICATION

This Standard Operating Procedure (SOP) delineates the protocols for measuring water level and
well depth. This procedure is applicable to the sampling of monitoring wells and must be
performed prior to any activities that may disturb the water level, such as purging or aquifer
testing.
These measurements will be taken at least 24 hours after development or immediately before
sampling. In low yield situations, recovery of water levels to equilibrium may occur over a longer
timeframe. If the measurements are to be used for contouring groundwater data, every attempt

should be made to collect the water levels within a 24-hour period. Measurement will be made
using an electronic water level meter. The depth to groundwater will be measured and reported to
the nearest 0.01 foot. Measurement will be made from the highest point on the rim of the well
casing or riser (not protective casing). This same point on the well casing will be surveyed for
vertical control. Surface water levels will be measured at least to the nearest 0.1 foot using an
adjacent temporary or permanent survey marker as a datum for current and future reference. For
those projects involving the installation of monitoring wells, at least one set of static water level
measurements should be made over a single, consecutive 10-to-12-hour period for all projectrelated wells; both newly installed and specified existing wells before any purging and sampling
activities begins.

2.

EQUIPMENT
Electronic water level indicator with cable measured at 0.01-foot increments
Tape for total depth measurement (optional)
Transducer and datalogger (optional for continuous monitoring)
Oil-water interface probe (optional)
Plastic sheeting
Photoionization detector (PID) or intrinsically safe flame ionization detector (FID)

3.

RELATED PROCEDURES

SOP G-1 Field Documentation
SOP G-2 Calibration and Use of Water Quality Instruments
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SOP G-6 Decontamination

4.

PROCEDURE

4.1

PRELIMINARY STEPS
Locate the well and verify its position on the site map. Record whether positive
identification was obtained, including the well number and any identifying marks or
codes contained on the well or protective casing. Note any damage or missing locks.
All monitoring wells should be locked at all times, or within a secure locked area, to
ensure the integrity of the well.
Open the well.
Locate the permanent reference mark at the top of the casing. The reference point will
be scribed, notched, or otherwise noted on the top of the casing. If no such marks are
present, measure from the highest point of the well casing, and note this in the field
notebook.
Record any observations and remarks regarding the completion characteristics and
well condition, such as evidence of cracked casing or surface seals, security of the
well (locked cap), and evidence of tampering.
Keep all equipment and supplies protected from gross contamination; use plastic
sheeting. Keep the water level indicator probe in its protective compartment when not
in use.

4.2

OPERATION
Sample the air in the well head for gross organic vapors by lifting the well cap only
high enough for an organic vapor monitor (PID or FID) probe to be entered into the
well casing. This will indicate the level of gross volatile contaminants as well as the
potential for sampler exposure. Always perform non-aqueous phase liquid (NAPL)
checks in wells with suspected NAPL contamination, and in wells where headspace
tests reveal the presence of volatiles. Always perform a NAPL check the first time a
well is sampled.
Remove cap. Allow well to vent for at least 90 seconds.

4.2.1

NAPL Present

If NAPL contamination is suspected, use an interface probe and the following procedure to
determine the existence and thickness of NAPLs:

Open the probe housing, turn the probe on, and test the alarm. Slowly lower the probe
into the well until the alarm sounds. A continuous alarm indicates a NAPL, while an
intermittent alarm indicates water. If a NAPL is detected, record the initial level (first
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alarm). Mark the spot by grasping the cable with the thumb and forefinger at the top
of the casing. If a mark is present on the casing, use the mark as the reference point. If
no permanent mark is present make one using the highest point on the casing as the
reference point and record in log book.
Continue to slowly lower the probe until it passes into the water phase. Record the
water level and the thickness of NAPL (NAPL – water depths).
Continue to slowly lower the probe through the water column to check for the
presence of dense nonaqueous phase liquid (DNAPL).
Measure depths to DNAPL and the bottom of the well, and record the thickness of
any DNAPL layer.
Fully decontaminate the probe and the length of tape used at that location (see SOP
G-6).
4.2.2

No NAPL Present

If no NAPL is present, use an electronic water level detector as follows:
The water level meter will be removed from the case, the sounder will be turned on,
and the battery and sensitivity scale will be test checked by pushing the red button.
Adjust the sensitivity scale (volume) until the buzzer is heard.
Slowly lower the probe and cable into the well, allowing the cable reel to unwind.
Continue lowering until the meter buzzer is heard. The probe will be very slowly
raised and lowered until the point is reached where the meter just begins to buzz.
Marking the spot by grasping the cable with the thumb and forefingers at the top of
the casing measuring point, the cable will be withdrawn and the depth will be
recorded. If no permanent mark is present make one using the highest point on the
casing as the reference point and record in logbook.
To measure the well depth, the probe sounder will be turned off and the water level
meter cable will be lowered until slack is noted in the cable. The cable will be very
slowly raised and lowered until the exact bottom of the well is determined. The depth
will be measured and recorded. The well depth and the time will be recorded in a
field logbook. Note: if the electric water level indicator is used to determine the depth
of the well, the offset distance from the tip to the electrode must be added to the
depth.
Withdraw the tape and probe, and wipe with paper towels, clean with phosphate-free
detergent (e.g., Liquinox®), and rinse with de-ionized water, cloth-wipe, and allow to
air dry between consecutive water level measurements.
Generally proceed from clean to “dirty” wells to minimize the possibility of cross
contamination.
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5.

CALIBRATION

No field calibration is necessary.

6.

EQUIPMENT BLANKS

An equipment blank will be collected at a frequency of once per day during equipment use
duration, per equipment type, per matrix, and per parameter. This is conducted to determine the
effectiveness of decontamination practices for the measurement probe. Equipment blank samples
are collected as follows:
Sample bottles for equipment blanks are of the same type as routine sample bottles
and will be prepared prior to sampling.
Pour ASTM Type II reagent-grade water over the measurement probe and into the
equipment blank sample jars.
After all bottles are filled, label the sampling equipment with the associated routine
sample ID number and use that sampling equipment to collect the environmental
sample at that particular sampling location.
Once collected, handle equipment blank samples in the same manner as routine samples.

7.

PRECAUTIONS
Check instrument batteries prior to each use.
Fully decontaminate probe and tape. If NAPL is present an additional solvent such as
Hexane may be required. It may be necessary to both rinse and wipe the tape and
probe with hexane to remove all of the NAPL.
Make sure that the cable is not twisted and that the cable is intact and the lengths are
correct (cables are sometimes spliced and may be shortened in the process).

8.

BIBLIOGRAPHY

EPA (U.S. Environmental Protection Agency), Office of Solid Waste and Emergency Response.
1989. Accuracy of Depth to Groundwater Measurements. EPA Superfund Groundwater Issue.
EPA/540/4-89/002.
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STANDARD OPERATING PROCEDURE SS-1

SOIL SAMPLING USING DIRECT-PUSH TECHNOLOGY

1.

SCOPE AND APPLICATION

The objective of this standard operating procedure (SOP) is to provide guidance and general
reference information on soil sampling using direct-push technology [DPT (e.g., Geoprobe®
drilling rig)] and collecting representative soil samples at depth and recovering them for visual
inspection and/or chemical analysis.
A DPT drill rig is a hydraulically powered drilling machine that utilizes both pressure and
percussion to advance sampling and logging tools into the subsurface. DPT drill rigs and
equipment can be used to perform soil core and soil gas sampling, groundwater sampling, soil
conductivity and contaminant logging, grouting, and materials injection.

2.

EQUIPMENT
DPT drill rig (Geoprobe® or equivalent) and tooling
Vinyl end caps and Teflon tape (if required)
Trash bags
Paper towels
Field logbook
Work plan
Folding ruler marked in tenths of an inch
Tape measure
Grain size chart
Munsell color chart
Appropriate sampling device
Stainless steel trowels
Stainless steel bowls
Plastic resealable bags (1 quart + 1 gallon size)
Sharpies or other permanent marker
Flagging
Mean Streak or other paint markers
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3.

RELATED PROCEDURES

SOP A-1: Calibration and Use of Air Monitoring Instruments
SOP G-1: Field Documentation
SOP G-3: Field Sample Numbering
SOP G-4: Quality Assurance/Quality Control
SOP G-6: Decontamination
SOP G-7: Management of Investigation-Derived Waste
SOP G-8: Sample Chain-of-Custody
SOP G-9: Sample Packing and Shipping
SOP G-11: MEC Anomaly Avoidance
SOP GW-1: Borehole/Well Abandonment
SOP GW-3: Groundwater Monitoring Well Installation
SOP SS-2: Soil Sampling for Volatile Constituent Analysis
SOP SS-3: Soil Sampling

4.

PROCEDURE

4.1

GENERAL PROCEDURE

When used to collect soil samples, the assembled soil sampler is attached to the leading end of a
probe rod and driven into the subsurface using a DPT soil probing machine. Additional probe
rods are connected in succession to advance the sampler to depth. Depending on the type of
sampling system used, the sampler may be used as an open-tube, closed -piston, or dual-tube
sampler.
The simplest and most common use of the sampler is as an open-tube sampler. In this method,
coring starts at the ground surface with an open-ended sampler. From the ground surface, the
sampler is advanced one sampling interval and then retrieved from the hole with the first soil
core. In stable soil, the open-tube sampler is inserted back down the same hole to obtain the next
core. Operators have reported coring to depths well exceeding 30 feet (9 meters) with this
method.
In unstable soil, which tends to collapse into the core hole, the sampler can be equipped with a
piston assembly. This assembly locks into the cutting shoe and prevents soil from entering the
sampler as it is advanced to the bottom of an existing hole.
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The closed-piston sampler is not designed to be driven through undisturbed soil containing
gravel, asphalt, coarse sand, or rubble. In this case, the soil should be removed down to the
sampling depth using an open-tube sampler, or a pilot hole may be drilled. The closed-piston
sampler is then installed and the sampler is inserted or driven back down the same hole. When
the leading end of the sampler reaches the top of the next sampling interval, the piston is
unlocked using extension rods inserted down the inside of the probe rods, and the sampler driven
through the sample interval.
For a continuous-cased boring, a dual-tube system can be used that allows collection of a
continuous soil core without removing the lengths of outer casing. The outer casing bears the
force of the drive hammer, while smaller inner rods are used to seat a sample liner in the cutting
shoe. The inner rods and sample liner are removed to retrieve the sample, a new liner is then
seated into the cutting shoe, and additional outer casing is added at the surface to continue
driving the tooling string.
Soil samples are collected within a liner, which is a removable/replaceable, thin-walled tube
inserted inside the sample tube for the purpose of containing and storing soil samples. Liner
materials include stainless steel, brass, polytetrafluoroethylene (PTFE or Teflon®), polyvinyl
chloride (PVC), cellulose acetate butyrate (CAB), and polyethylene terephtalate glycol (PETG).
4.2

GENERAL CONSIDERATIONS
1. Ensure that the driller has at least three or four samplers. This allows the collection of
several samples before stopping to clean and decontaminate the equipment.
2. Ensure that a collapsible table or stand is available to hold decontaminated sampler
tubes and liners. Equipment must be protected from contamination by placing it on a
sheet of plastic on the ground.
3. Ensure that all soil is removed from inside the sample tube. Sand particles can bind
liners in the sampler. Full liners are difficult to remove under such conditions. In
extreme cases, the soil sample must be removed from the liner before it can be freed
from the sample tube.
4. Obtain information about the subsurface and depth to bedrock before driving the
sampler. Damage may occur if the sampler is driven into rock or other impenetrable
material. The pilot hole should be made only to a depth above the sampling interval.
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4.3

OPEN-TUBE SAMPLING

A representative soil sample is obtained by driving the sampler one sampling interval from
ground surface into undisturbed soil. Upon retrieving the sampler, the liner and soil core are
removed. The sampler is then properly decontaminated, reassembled with a new liner, and
inserted back down the same hole until the top of the next sampling interval is reached. The tool
string is then driven to the depth of the subsequent continuous sampling interval.
Non-cohesive soils will often collapse to the bottom of the hole. This slough material then enters
the sampler as the next soil core is collected, resulting in a non-representative sample. A
closed-piston sampler or dual-tube system should be used under such conditions.
4.4

CLOSED-PISTON SAMPLING

It is often difficult to collect representative soil cores from significant depths with an open-tube
sampler due to soil slough. Because of this, the sampler can be equipped with a piston that locks
into the cutting shoe. This allows the sealed sampler to pass through the slough material and be
opened at the appropriate sampling interval.
The assembled sampler is connected to the leading end of a probe rod and driven into the
subsurface. Additional probe rods are connected in succession to advance the sampler to depth.
The sampler remains sealed (closed) by a piston tip as it is being driven. The piston is held in
place by a stop-pin at the trailing end of the sampler. When the sampler tip has reached the top of
the desired sampling interval, a series of extension rods, sufficient to reach depth, are coupled
together and lowered down the inside diameter of the probe rods. After the extension rods and
stop-pin have been removed, the tool string is advanced the depth of the sampling interval. The
piston is displaced inside the sampler body by the soil as the sample is collected. To recover the
sample, the sampler is retrieved from the hole and the liner containing the soil sample is
removed. The driller will not be allowed to over-drive the sampler.
4.5

DUAL-TUBE SAMPLING

A dual-tube system is a method of collecting continuous soil cores with the added benefit of a
cased hole. One set of rods, with the leading edge equipped with a cutting shoe, is driven into the

G:\PROJECTS\20118002\AppendixD\Soil SOPs\SS-1.doc

Page 4 of 8

1 December 2011

ground as an outer casing. These rods receive the driving force of the hammer and provide a
sealed hole from which to collect soil samples without the threat of sloughing or
cross-contamination. A second smaller set of rods is inserted into the outer casing and holds a
sample liner into the cutting shoe as the outer casing is driven one sample interval. The inner
rods are removed to retrieve the filled liner, and then rep laced with a new liner to continue
sampling at the next interval.
4.6

FIELD MEASUREMENT PROCEDURES

The purpose of this section is to identify methods for field screening soil. Visual assessment and
instrument readings will be used to screen field samples and residual samples. Residual materials
may include excess samples, cuttings, and other materials.
4.6.1

Preparation
Review screening procedures and equipment operation manuals.
Calibrate field screening instruments in accordance with the manufacturer’s
instructions and operating procedures (see SOP A-1).
Document calibrations in the field logbook.
Determine the ambient air temperature. If the ambient air temperature is below 15oC,
select an area where soil samples can be kept warm for head space readings.

4.6.2

Field Screening

Prior to and during collection of a soil or sediment sample, visually observe the sampling area,
and sample for signs of releases that include the following:

Surface discoloration or staining.
Stressed or discolored vegetation.
Physical evidence of hydrocarbons or other contamination.
Record visual observations of the sampling area in the field logbook. Include a sketch and
dimensions of any area where visual signs of a release are observed.

G:\PROJECTS\20118002\AppendixD\Soil SOPs\SS-1.doc

Page 5 of 8

1 December 2011

4.7

INSTRUMENT READINGS

Take instrument readings prior to sampling to monitor ambient air for health and safety
purposes. Record this information in the field logbook.
Soil headspace readings are taken in the following manner:
Place soil/sediment sample in a clean, dry, glass jar so that the jar is not more than
half full. Cover the jar with aluminum foil and replace the lid.
If the ambient temperature is low, bring the jarred samples to an area where they can
be warmed.
Gently shake the jar to aid sample volatilization.
Remove the lid and insert the probe through the aluminum foil, but not into the
sample since this will clog the instrument. Record the instrument reading of the area
on the log reserved for headspace readings.
Do not submit the jarred sample for laboratory analysis.
Dispose of the jarred sample in accordance with residual management protocols.
4.8

SOIL CORE RECOVERY

The soil sample is removed from the sampler by unscrewing the cutting shoe and pulling out the
liner, or the liner is removed with the inner rods in a dual-tube system. Depending upon the
sampling protocols, the soil sample may either be preserved within the liner or removed from the
liner and placed in sample jars.
If soil samples are to be collected from the liner, undisturbed samples can be obtained from
Teflon®, PVC, and PETG liners by splitting the liner. Clear plastic liners and Teflon® liners can
be slit open with a hooked-blade utility knife or other device and the samples to be analyzed
placed in appropriate containers. A manual extruder may be used to push the soil cores out of
metal liner sections for transfer to other containers.
If the samples are to be preserved in the liner, the soil sample should be secured by placing a
vinyl (or other appropriate material) end cap on each end of the liner. If the sample is to be
segmented, the liner should be cut around the outside circumference. Metal liners come with
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plastic cladding on the outside of the liner to keep four 6-inch sections aligned. Remove the
cladding and cut the sections apart with a knife. When using brass, stainless steel, and Teflon®
liners, cover the end of the sample tube with Teflon® tape before placing the end caps on the
liner. The tape should be smoothed out and pressed over the end of the soil core to minimize
headspace. However, care should be taken not to stretch and therefore thin the tape. Develop a
system such as always placing a black end cap at the bottom (down end) of the sample core and a
red end cap at the top (up end) of the core. Color-coding the ends of the liner will help to quickly
identify the top and bottom of the sample during later analysis.
4.9

DECONTAMINATION

Before and after each use, thoroughly clean all parts of the soil sampling system according to
project requirements (see SOP G-6). A new, clean liner is required for each sample interval.
Thoroughly clean the sampler before assembly, not only to remove contaminants but also to
ensure correct operation. Dirty threads complicate assembly and may lead to sampler failure.
Sand is particularly troublesome because it can bind liners in the sample tube resulting in wasted
time and lost samples.
4.10

EQUIPMENT RINSATE BLANK

An equipment rinsate blank may be required to be taken on a representative sample liner prior to
starting a project and at regular intervals. Because liners can become contaminated in storage, an
equipment rinsate blank will prove that the liners do not carry contaminates which can be
transferred to soil samples.
If an equipment rinsate blank is required, the following procedure may be used:
1. Place an end cap or other appropriate device on one end of the liner.
2. Sample bottles for equipment blanks are of the same type as routine sample bottles
and will be prepared prior to sampling.
3. Pour ASTM Type II reagent-grade water distilled water into the liner.
4. Place an end cap on the open end of the liner.
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5. From the vertical position, repeatedly invert the liner so that the distilled water
contacts the entire inner surface. Repeat this step for one minute.
6. Remove one end cap from the liner, empty contents into an appropriate sample
container, and cap the container.
7. After all bottles are filled, label the sampling equipment with the associated routine
sample ID number and use that sampling equipment to collect the environmental
sample at that particular sampling location.
Once collected, handle equipment blank samples in the same manner as routine samples.

5.

BIBLIOGRAPHY

American Society for Testing and Materials (ASTM), 1999. Standard Guide for Direct Push Soil
Sampling for Environmental Site Characterizations. Designation: D 6282-98. February.
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STANDARD OPERATING PROCEDURE SS-3
SOIL SAMPLING
1.

SCOPE AND APPLICABILITY

Instructions presented in this Standard Operating Procedure (SOP) are for collecting
representative soil samples. Soil sampling can be classified into two primary types: surficial and
subsurface. Instructions for sampling surficial soil included in this section utilize the spade and
scoop. Instructions for sampling subsurface soil included in this section utilize the following
techniques: split spoon sampler and thin-walled (Shelby) tube. There are also specific sampling
protocols presented for riverbank and/or floodplain sampling using hand augering.

2.

EQUIPMENT
Field logbook
Muncell® color chart
Grain size card
Hand lens
Clipboard
Folding rule (in feet and tenths)
Pocket penetrometer (if required)
Indelible ink markers
Squirt bottle (with deionized water)
Plastic sheeting
Paper towels
Pens (blue or black)
Eye protection
Work gloves
Surgical gloves
Sample jars
Sample jar labels
Chain-of-custody forms
Photoionization detector (PID)
Decontamination materials
Appropriate sampling device
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3.

RELATED PROCEDURES

SOP A-1: Calibration and Use of Air Monitoring Instruments
SOP G-1: Field Documentation
SOP G-3: Field Sample Numbering
SOP G-4: Quality Assurance/Quality Control
SOP G-6: Decontamination
SOP G-7: Management of Investigation-Derived Waste
SOP G-8: Sample Chain-of-Custody
SOP G-9: Sample Packing and Shipping
SOP G-11: MEC Anomaly Avoidance
SOP GW-1: Borehole/Well Abandonment
SOP SS-1: Soil Sampling Using Direct-Push Technology
SOP SS-2: Soil Sampling for Volatile Constituent Analysis

4.

PROCEDURE

4.1

SAMPLING LOCATIONS

Sampling at sites is usually conducted in an attempt to discover contamination and to define its
extent and variability. With such an objective, it is most logical to choose sample locations that
will yield the most information about site conditions. Because of the nature of the media, soil
samples can vary considerably across a site. Physical properties of the soil, including grain size
and cohesiveness, may limit the depth from which samples can be collected and the method
required to collect them. In most soil, hand-powered equipment can be used only to a depth of
approximately 4 to 5 feet. At greater depths, soil sampling is normally performed with a drill rig
or other mechanically driven device.
4.2

SAMPLE TYPES

The type of sample should be designated when selecting a sampling method. Application
techniques for sample methods include discrete (grab) or composite samples. A discrete (grab)
sample is defined as a discrete aliquot representative of a specific location at a given point in
time. The sample is collected immediately and at one particular point in the sample matrix. The
representativeness of such samples is defined by the nature of the materials being sampled. In
general, as sources vary over time and distance, the representativeness of grab samples will
decrease. Composites are samples composed of two or more specific aliquots (discrete samples)
collected at various sampling locations and/or different points in time. Analysis of this type of
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sample produces an average value and can, in certain instances, be used as an alternative to
analyzing a number of individual grab samples and calculating an average value. It should be
noted, however, that compositing can m ask the presence of contaminants by diluting isolated
concentrations of analytes that may be present in the environmental matrix.
4.3

SAMPLE COLLECTION

Each sampling technique presents various advantages and disadvantages for its application. For
example, sample disturbance, sample volume, chemical/physical reactivity between potential
contaminants and sampling tool materials, and ease of decontamination vary from technique to
technique. Subsurface soil conditions themselves will restrict the application of certain samples.
For example, the thin-walled tube sampler is not applicable for sampling sands.
Presented below are sampling instructions for the most common techniques of collecting soil
samples. Prior to sample collection, the soil sampling location and characteristics (e.g., soil type,
depth) should be recorded in the field logbook. Selection of soil sampling equipment is usually
based on the depth of the samples. Manual techniques are usually selected for surface or shallow
subsurface soil sampling. At greater depths, mechanically driven equipment is usually required
to overcome torque induced by soil resistance and depth.
4.3.1
4.3.1.1

Surficial Sampling
Spade and Scoop

The spade and scoop method is a very accurate, representative method for collecting surface and
shallow subsurface soil samples. This method is usually limited to soil depths less than 1 foot.
Method Summary and Equipment

The simplest, most direct method of collecting surface soil samples is to use a spade and
stainless steel scoop. A typical garden spade can be used to remove the top cover of soil to the
required depth, and the smaller stainless steel scoop can be used to collect the sample.
Sampling Procedure

Place plastic sheeting on the ground around the sampling location to prevent crosscontamination.
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Carefully remove the top layer of soil to the desired sample depth with a pre-cleaned
or decontaminated spade.
Install grade stake with flagging to mark sample location
Collect horizontal coordinates with Global positioning system (GPS) for sample
location documentation.
Take digital photographs of the sampling location.
Using a pre-cleaned or decontaminated stainless steel scoop or trowel, collect the
sample aliquot for volatile organic compound (VOC) analysis first (if applicable),
then homogenize enough soil in a stainless steel bowl for the remaining sample
containers. VOC sample collection will be conducted
.
Transfer sample into the appropriate sample bottle with a stainless steel laboratory
spoon or equivalent.
Remove any soil clinging to the bottle threads or rim, and secure the cap tightly.
Label the sample bottle with the appropriate sample label. Complete the label
carefully and clearly, addressing all the categories or parameters.
Place filled sample containers in sealable plastic bags.
Pack in loose ice immediately.
Complete all chain-of-custody documents and record in the field.
Prepare samples for shipping.
Decontaminate sampling equipment after use.
4.3.2
4.3.2.1

Subsurface Sampling
Split-Spoon Sampler

The split spoon sampler is used for sampling subsurface soil in cohesive and non-cohesive type
soils. It is used extensively for collecting subsurface soil samples for chemical analysis. The split
spoon sampler will require a drill rig and crew for collecting samples at a depth greater than
5 feet. The split-spoon sampler will be the primary subsurface sampling device used.
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Method Summary and Equipment

The split spoon sampler is typically a 2- or 3-inch-diameter, thick-walled, steel tube that is split
lengthwise. If a 2-inch-diameter split spoon sampler is used, then standard penetration tests can
be taken to determine the density of the soil (ASTM D1586). A cutting shoe is attached to the
lower end; the upper end contains a check valve and is connected to the drill rods. When a boring
is advanced to the point that a sample is to be taken, drill tools are removed, and the sampler is
lowered into the hole on the bottom of the drill rods. The sampler is driven into the ground in
accordance with the standard penetration test.
Sampling Procedure

Place plastic sheeting on the ground around the sampling location to prevent crosscontamination.
Install grade stake with flagging to mark sample location
Collect horizontal coordinates with Global positioning system (GPS) for sample
location documentation.
Take digital photographs of the sampling location.
Assemble the sampler by aligning both sides of the barrel and then screwing the drive
shoe on the bottom and the heavier headpiece on top.
Place the sampler in a perpendicular position on the material to be sampled.
Drive the tube utilizing a sledge hammer or drill rig if available. Do not drive past the
bottom of the headpiece because this will result in compression of the sample.
Record the length of the tube that penetrated the material being sampled and the
number of blows required to obtain this depth. Typically, the number of blows per
6 inches of depth is recorded.
Withdraw the sampler and open it by unscrewing the drive shoe and head, and
splitting the barrel. If split samples are desired, a decontaminated stainless steel knife
should be utilized to split the tube contents in half longitudinally.
Begin sampling with the acquisition of any grab VOC samples, conducting the
sampling with as little disturbance as possible to the media. VOC sample collection
will be conducted
Samples .
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If homogenization of the sample location is appropriate for the remaining analytical
parameters or if compositing of different locations is desired, the sample is
transferred to the stainless steel bowl for mixing.
Transfer sample into an appropriate sample bottle with a stainless steel laboratory
spoon or equivalent.
Remove any soil clinging to the bottle threads or rim, and secure the cap tightly.
Label the sample bottle with the appropriate sample label. Be sure to label the bottle
carefully and clearly, addressing all the categories or parameters.
Place filled and bagged sample containers in loose ice immediately.
Complete all chain-of-custody documents and record in the field.
Prepare samples for shipping.
Decontaminate sampling equipment after use and between sampling locations.
4.3.2.2

Thin-Walled (Shelby) Tube Sampler

Applicability

Thin-walled tube samplers allow collection of undisturbed samples in cohesive type soil
(i.e., clays). They are primarily used for collecting soil samples for certain geotechnical tests.
Thin-walled tube samplers are not the ideal container for transporting samples to the laboratory
for chemical analysis. The opportunity for describing the soil is diminished because most of the
soil is concealed in the tube. The Shelby Tube will be used only in clayey material where an
undisturbed sample is required, and the field crew has specifically been instructed to use a
Shelby Tube sampler.
Method Summary and Equipment

The thin-walled tube sampler is designed to take undisturbed samples in cohesive type soils. The
thin-walled tube sampler is available in brass, galvanized steel, plain steel, or stainless steel, and
is manufactured in either 30- or 36-inch lengths. It is available in 2-, 3-, and 5-inch diameters;
however, the 3-inch diameter is the most commonly used. Thin-walled tube samplers are usually
used for sampling cohesive soils for geotechnical evaluation, rather than chemical analysis.
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Sampling Procedure

Place plastic sheeting on the ground around the sampling location to prevent crosscontamination.
Install grade stake with flagging to mark sample location
Collect horizontal coordinates with Global positioning system (GPS) for sample
location documentation.
Take digital photographs of the sampling location.
Place the sampler in a perpendicular position on the material to be sampled.
Push the tube into the soil by a continuous and rapid motion, without impact or
twisting. In no instance should the tube be pushed further than the length provided for
the soil sample.
When the soil is so hard that a pushing motion will not penetrate the sample
sufficiently for recovery, it may be necessary to collect a disturbed sample with the
split-spoon sampler. Extremely dense and hard soil may result in damage to the thinwalled tube sampler.
Before pulling out the tube, rotate the tube at least two revolutions to shear off the
sample at the bottom. For geotechnical analysis, seal the ends of the tube with wax or
rubber packers to preserve the moisture content. In such instances, the procedures and
preparation for shipment should be in accordance with ASTM Method D1587. For
chemical samples, seal the ends of the tube with Teflon-lined plastic caps or
equivalent. Seal each end cap with plastic electrical tape.
Label the sample tube with the appropriate sample label. Be sure to complete the
label carefully and clearly, addressing all the categories or parameters.
Complete all chain-of-custody documents and record in the field.
Prepare samples for shipping.
Decontaminate sampling equipment after use and between sampling locations.
4.3.2.3

Hand Augering

Riverbank and Floodplain Sampling

Instructions presented in this SOP are for collecting representative soil samples at riverbank
and/or floodplain locations.
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Applicability

Hand augering is an accurate and efficient method for sampling soil. Soil samples are removed at
discrete depths. Hand augering proves inefficient where the subsurface contains large gravel, or
when the surface and subsurface are frozen. VOC sample collection will be conducted in accordance

Method Summary and Equipment

The auger is attached to an auger handle. Typically, there are three standard size augers available
for use (with internal diameters of 4, 2, and 1 inch, respectively). A single auger can be used to
collect a discrete sample at a specified depth or the augers can be used in succession (from
highest to lowest internal diameter) to take three discrete samples at different depths (such as 0 to
6 inches, 12 to 18 inches, and 24 to 30 inches below ground surface (bgs)) at the same location.
Sampling Procedure (discrete samples/different depths)

Place plastic sheeting on the ground around the sampling location to prevent crosscontamination.
Install grade stake with flagging to mark sample location
Collect horizontal coordinates with Global positioning system (GPS) for sample
location documentation.
Take digital photographs of the sampling location.
Attach the 4-inch internal diameter auger on the auger handle.
Clear the area of any vegetation, if necessary.
Begin augering at the sample location. Auger to a depth of 6 inches.
VOC samples will be collected as discrete samples from each auger depth interval
directly from the auger. VOC sample collection will be conducted in accordance with
.
Remove all soil from the auger and place in a clean stainless steel bowl for
homogenizing. This is the first sample with a depth of 0 to 6 inches bgs.
Collect a portion of the sample from this depth interval for PID screening.
If it is too difficult to auger to a depth of 6 inches, remove soil sequentially until
reaching the 6-inch depth.
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After collecting the first sample, use the same auger (4-inch internal diameter) to
auger the soil from 6 to 12 inches bgs. Remove the auger from the auger handle and
set aside. Be careful to let the soil from the 6- to 12-inch depth remain in the auger.
Replace surgical gloves (to prevent cross-contamination) and attach a clean 2-inch
internal diameter auger to the auger handle.
Auger from 12 to 18 inches bgs. This is the second sample. VOC sample will be
collected as discrete samples from each auger depth interval directly from the auger.
Carefully place this soil in a second clean stainless steel bowl for homogenizing.
Collect a portion of the sample from this depth interval for PID screening.
Using the same auger, auger to a depth of 24 inches. Remove the auger from the
auger handle, again keeping the soil in the auger.
Replace surgical gloves (to prevent cross-contamination) and attach a 1-inch internal
diameter auger on the auger handle and collect the third sample. The third sample is
the soil at a depth of 24 to 30 inches. VOC sample will be collected as discrete
samples from each auger depth interval directly from the auger.
Place this soil in a third clean stainless steel bowl for homogenizing.
Collect a portion of the sample from this depth interval for PID screening.
Once the three samples have been collected, place the soil in the first two augers back
in the sample location.
Homogenize the soil in the third bowl. Use a new pair of gloves to avoid crosscontamination. Document the soil description and place soil in desired jars as
necessary. Label the jars with the correct sample identifier (ID) number and other
necessary information (see SOP G-3) and place in sealable plastic bags
With PID screen soil from each depth interval.
Pack the sample jars in a cooler filled with loose ice as soon as possible.
Repeat this procedure for the other two soil samples. If any soil remains, place in the
same sampling hole to avoid spreading possible contamination.
Prepare samples for shipping.
Decontaminate all sampling equipment after use and between sampling locations.
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4.4

FIELD MEASUREMENT PROCEDURES

The purpose of this section is to identify methods for field screening soil. Visual assessment and
instrument readings will be used to screen field samples and residual samples. Residual materials
may include excess samples, cuttings, and other materials.
4.4.1

Preparation
Review screening procedures and equipment operation manuals.
instructions and operating procedures (see SOP A-1).
Document calibrations in the field logbook.
Determine the ambient air temperature. If the ambient air temperature is below 15oC,
select an area where soil samples can be kept warm for head space readings.

4.4.2

Field Screening

Prior to and during collection of a soil or sediment sample, visually observe the sampling area,
and sample for signs of releases that include the following:

Surface discoloration or staining.
Stressed or discolored vegetation.
Physical evidence of hydrocarbons or other contamination.
Record visual observations of the sampling area in the field logbook. Include a sketch and
dimensions of any area where visual signs of a release are observed.
4.5

INSTRUMENT READINGS

Take instrument readings prior to sampling to monitor ambient air for health and safety
purposes. Record this information in the field logbook.
Soil and/or sediment headspace readings are taken in the following manner:
Place soil/sediment sample in a clean, dry, glass jar so that the jar is not more than
half full. Cover the jar with aluminum foil and replace the lid.
If the ambient temperature is low, bring the jarred samples to an area where they can
be warmed.
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Gently shake the jar to aid sample volatilization.
Remove the lid and insert the probe through the aluminum foil, but not into the
sample since this will clog the instrument. Record the instrument reading of the area
on the log reserved for headspace readings.
Do not submit the jarred sample for laboratory analysis.
Dispose of the jarred sample in accordance with residual management protocols.
4.6
4.6.1

SOIL SAMPLING FOR VOLATILE ORGANIC COMPOUNDS
EnCoreTM Sampler

The EnCore Sampler has been approved for collection of samples, and this method is the
preferred sampling method for use at the site. The EnCore Sampler (or equivalent) selects a
small volume (about 5 grams) of soil that is stored in a chamber that is submitted to the
analytical laboratory. The sample must be received, prepped, and analyzed within 2 days of
collection; therefore, all samples must be shipped the day they are collected. VOC sample
collection will be conducted
Samples .
Two or three EnCore samplers will be required per analytical sample:
One EnCore sampler for low-concentration analysis.
One EnCore sampler for high-concentration analysis or low-concentration
duplication.
One EnCore sampler for re-preparation.
One volatile organic analyte (VOA) jar with Teflon cap for moisture determination.
The EnCore Sampler is a single use device. It cannot be cleaned and/or reused. The following is
the procedure for using the EnCore Sampler:
Hold the coring body and push the plunger rod down until the small o-ring rests
against the tabs. This will ensure that the plunger moves freely.
Depress the locking lever on the EnCore T-Handle. Place the coring body, plunger
end first, into the open end of the T -Handle, aligning the two slots on the coring body
with the two locking pins in the T-Handle.
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Twist the coring body clockwise to lock the pins in the slots. Check to ensure the
sampler is locked in place. The sampler is now ready for use.
Turn the T-Handle with the T up and the coring body down. This positions the
plunger bottom flush with the bottom of the coring body (ensure that the plunger
bottom is in position).
Using the T-Handle, push the sampler into the soil until the coring body is completely
filled. When full, the small o-ring will be centered in the T-Handle viewing hole.
Remove the sampler from the soil and wipe any excess soil from the exterior of the
coring body.
Place a cap on the coring body while it is still in the T-Handle. Push and twist the cap
over the bottom until the grooves on the locking arms seat over the ridge on the
coring body. The cap must be seated to seal the sampler.
Remove the capped sampler by depressing the locking lever on the T-Handle while
twisting and pulling the sampler from the T-Handle.
Lock the plunger by rotating the extended plunger rod fully counter-clockwise until
the wings rest firmly against the tabs.
Attach a completed circular label from the EnCore Sampler bag to the cap on the
coring body.
Complete the outside label on the EnCore Sampler bag and add a custody seal.
Return the full EnCore Sampler to a resealable plastic bag. Seal the bag and pack in
loose ice.
It should be noted that EnCore Samplers can be used for all soil sampling activities, i.e., surface
soil, sediment, etc., by sub-sampling the sampling device (e.g., shovel, coring device, split spoon). In
a soil matrix that is nonrequired sample volume, and then capped.
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METHOD 6200
FIELD PORTABLE X-RAY FLUORESCENCE SPECTROMETRY FOR THE
DETERMINATION OF ELEMENTAL CONCENTRATIONS IN SOIL AND SEDIMENT
SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.
In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application. The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.
1.0

SCOPE AND APPLICATION

1.1
This method is applicable to the in situ and intrusive analysis of the 26 analytes
listed below for soil and sediment samples. Some common elements are not listed in this
method because they are considered "light" elements that cannot be detected by field portable
x-ray fluorescence (FPXRF). These light elements are: lithium, beryllium, sodium, magnesium,
aluminum, silicon, and phosphorus. Most of the analytes listed below are of environmental
concern, while a few others have interference effects or change the elemental composition of
the matrix, affecting quantitation of the analytes of interest. Generally elements of atomic
number 16 or greater can be detected and quantitated by FPXRF. The following RCRA
analytes have been determined by this method:

Analytes

CAS Registry No.

Antimony (Sb)
Arsenic (As)
Barium (Ba)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Lead (Pb)

7440-36-0
7440-38-0
7440-39-3
7440-43-9
7440-47-3
7440-48-4
7440-50-8
7439-92-1

Mercury (Hg)
Nickel (Ni)
Selenium (Se)

7439-97-6
7440-02-0
7782-49-2

Silver (Ag)
Thallium (Tl)
Tin (Sn)

7440-22-4
7440-28-0
7440-31-5
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Analytes

CAS Registry No.

Vanadium (V)
Zinc (Zn)

7440-62-2
7440-66-6

In addition, the following non-RCRA analytes have been determined by this method:

Analytes

CAS Registry No.

Calcium (Ca)
Iron (Fe)
Manganese (Mn)
Molybdenum (Mo)
Potassium (K)
Rubidium (Rb)
Strontium (Sr)
Thorium (Th)
Titanium (Ti)
Zirconium (Zr)

7440-70-2
7439-89-6
7439-96-5
7439-93-7
7440-09-7
7440-17-7
7440-24-6
7440-29-1
7440-32-6
7440-67-7

1.2
This method is a screening method to be used with confirmatory analysis using
other techniques (e.g., flame atomic absorption spectrometry (FLAA), graphite furnance atomic
absorption spectrometry (GFAA), inductively coupled plasma-atomic emission spectrometry,
(ICP-AES), or inductively coupled plasma-mass spectrometry, (ICP-MS)). This method’s main
strength is that it is a rapid field screening procedure. The method's lower limits of detection are
typically above the toxicity characteristic regulatory level for most RCRA analytes. However,
when the obtainable values for precision, accuracy, and laboratory-established sensitivity of this
method meet project-specific data quality objectives (DQOs), FPXRF is a fast, powerful, cost
effective technology for site characterization.
1.3
The method sensitivity or lower limit of detection depends on several factors,
including the analyte of interest, the type of detector used, the type of excitation source, the
strength of the excitation source, count times used to irradiate the sample, physical matrix
effects, chemical matrix effects, and interelement spectral interferences. Example lower limits
of detection for analytes of interest in environmental applications are shown in Table 1. These
limits apply to a clean spiked matrix of quartz sand (silicon dioxide) free of interelement spectral
interferences using long (100 -600 second) count times. These sensitivity values are given for
guidance only and may not always be achievable, since they will vary depending on the sample
matrix, which instrument is used, and operating conditions. A discussion of performance-based
sensitivity is presented in Sec. 9.6.
1.4
Analysts should consult the disclaimer statement at the front of the manual and the
information in Chapter Two for guidance on the intended flexibility in the choice of methods,
apparatus, materials, reagents, and supplies, and on the responsibilities of the analyst for
demonstrating that the techniques employed are appropriate for the analytes of interest, in the
matrix of interest, and at the levels of concern.
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In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements. The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.
1.5
Use of this method is restricted to use by, or under supervision of, personnel
appropriately experienced and trained in the use and operation of an XRF instrument. Each
analyst must demonstrate the ability to generate acceptable results with this method.
2.0

SUMMARY OF METHOD

2.1
The FPXRF technologies described in this method use either sealed radioisotope
sources or x-ray tubes to irradiate samples with x-rays. When a sample is irradiated with x-rays,
the source x-rays may undergo either scattering or absorption by sample atoms. This latter
process is known as the photoelectric effect. When an atom absorbs the source x-rays, the
incident radiation dislodges electrons from the innermost shells of the atom, creating vacancies.
The electron vacancies are filled by electrons cascading in from outer electron shells. Electrons
in outer shells have higher energy states than inner shell electrons, and the outer shell electrons
give off energy as they cascade down into the inner shell vacancies. This rearrangement of
electrons results in emission of x-rays characteristic of the given atom. The emission of x-rays,
in this manner, is termed x-ray fluorescence.
Three electron shells are generally involved in emission of x-rays during FPXRF analysis
of environmental samples. The three electron shells include the K, L, and M shells. A typical
emission pattern, also called an emission spectrum, for a given metal has multiple intensity
peaks generated from the emission of K, L, or M shell electrons. The most commonly
measured x-ray emissions are from the K and L shells; only metals with an atomic number
greater than 57 have measurable M shell emissions.
Each characteristic x-ray line is defined with the letter K, L, or M, which signifies which
shell had the original vacancy and by a subscript alpha ( ), beta ( ), or gamma ( ) etc., which
indicates the higher shell from which electrons fell to fill the vacancy and produce the x-ray. For
example, a K line is produced by a vacancy in the K shell filled by an L shell electron, whereas
a K line is produced by a vacancy in the K shell filled by an M shell electron. The K transition
is on average 6 to 7 times more probable than the K transition; therefore, the K line is
approximately 7 times more intense than the K line for a given element, making the K line the
choice for quantitation purposes.
The K lines for a given element are the most energetic lines and are the preferred lines for
analysis. For a given atom, the x-rays emitted from L transitions are always less energetic than
those emitted from K transitions. Unlike the K lines, the main L emission lines (L and L ) for an
element are of nearly equal intensity. The choice of one or the other depends on what
interfering element lines might be present. The L emission lines are useful for analyses
involving elements of atomic number (Z) 58 (cerium) through 92 (uranium).
An x-ray source can excite characteristic x-rays from an element only if the source energy
is greater than the absorption edge energy for the particular line group of the element, that is,
the K absorption edge, L absorption edge, or M absorption edge energy. The absorption edge
energy is somewhat greater than the corresponding line energy. Actually, the K absorption
edge energy is approximately the sum of the K, L, and M line energies of the particular element,
and the L absorption edge energy is approximately the sum of the L and M line energies.
FPXRF is more sensitive to an element with an absorption edge energy close to but less than
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the excitation energy of the source. For example, when using a cadmium-109 source, which
has an excitation energy of 22.1 kiloelectron volts (keV), FPXRF would exhibit better sensitivity
for zirconium which has a K line energy of 15.77 keV than to chromium, which has a K line
energy of 5.41 keV.
2.2
Under this method, inorganic analytes of interest are identified and quantitated
using a field portable energy-dispersive x-ray fluorescence spectrometer. Radiation from one or
more radioisotope sources or an electrically excited x-ray tube is used to generate characteristic
x-ray emissions from elements in a sample. Up to three sources may be used to irradiate a
sample. Each source emits a specific set of primary x-rays that excite a corresponding range of
elements in a sample. When more than one source can excite the element of interest, the
source is selected according to its excitation efficiency for the element of interest.
For measurement, the sample is positioned in front of the probe window. This can be
done in two manners using FPXRF instruments, specifically, in situ or intrusive. If operated in
the in situ mode, the probe window is placed in direct contact with the soil surface to be
analyzed. When an FPXRF instrument is operated in the intrusive mode, a soil or sediment
sample must be collected, prepared, and placed in a sample cup. The sample cup is then
placed on top of the window inside a protective cover for analysis.
Sample analysis is then initiated by exposing the sample to primary radiation from the
source. Fluorescent and backscattered x-rays from the sample enter through the detector
window and are converted into electric pulses in the detector. The detector in FPXRF
instruments is usually either a solid-state detector or a gas-filled proportional counter. Within
the detector, energies of the characteristic x-rays are converted into a train of electric pulses,
the amplitudes of which are linearly proportional to the energy of the x-rays. An electronic
multichannel analyzer (MCA) measures the pulse amplitudes, which is the basis of qualitative xray analysis. The number of counts at a given energy per unit of time is representative of the
element concentration in a sample and is the basis for quantitative analysis. Most FPXRF
instruments are menu-driven from software built into the units or from personal computers (PC).
The measurement time of each source is user-selectable. Shorter source measurement
times (30 seconds) are generally used for initial screening and hot spot delineation, and longer
measurement times (up to 300 seconds) are typically used to meet higher precision and
accuracy requirements.
FPXRF instruments can be calibrated using the following methods: internally using
fundamental parameters determined by the manufacturer, empirically based on site-specific
calibration standards (SSCS), or based on Compton peak ratios. The Compton peak is
produced by backscattering of the source radiation. Some FPXRF instruments can be
calibrated using multiple methods.
3.0

DEFINITIONS
3.1

FPXRF -- Field portable x-ray fluorescence.

3.2

MCA -- Multichannel analyzer for measuring pulse amplitude.

3.3

SSCS -- Site-specific calibration standards.

3.4

FP -- Fundamental parameter.

3.5

ROI -- Region of interest.
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3.6
SRM -- Standard reference material; a standard containing certified amounts of
metals in soil or sediment.
3.7
eV -- Electron volt; a unit of energy equivalent to the amount of energy gained by
an electron passing through a potential difference of one volt.
3.8
Refer to Chapter One, Chapter Three, and the manufacturer's instructions for other
definitions that may be relevant to this procedure.
4.0

INTERFERENCES

4.1
The total method error for FPXRF analysis is defined as the square root of the sum
of squares of both instrument precision and user- or application-related error. Generally,
instrument precision is the least significant source of error in FPXRF analysis. User- or
application-related error is generally more significant and varies with each site and method
used. Some sources of interference can be minimized or controlled by the instrument operator,
but others cannot. Common sources of user- or application-related error are discussed below.
4.2
Physical matrix effects result from variations in the physical character of the
sample. These variations may include such parameters as particle size, uniformity,
homogeneity, and surface condition. For example, if any analyte exists in the form of very fine
particles in a coarser-grained matrix, the analyte’s concentration measured by the FPXRF will
vary depending on how fine particles are distributed within the coarser-grained matrix. If the
fine particles "settle" to the bottom of the sample cup (i.e., against the cup window), the analyte
concentration measurement will be higher than if the fine particles are not mixed in well and stay
on top of the coarser-grained particles in the sample cup. One way to reduce such error is to
grind and sieve all soil samples to a uniform particle size thus reducing sample-to-sample
particle size variability. Homogeneity is always a concern when dealing with soil samples.
Every effort should be made to thoroughly mix and homogenize soil samples before analysis.
Field studies have shown heterogeneity of the sample generally has the largest impact on
comparability with confirmatory samples.
4.3
Moisture content may affect the accuracy of analysis of soil and sediment sample
analyses. When the moisture content is between 5 and 20 percent, the overall error from
moisture may be minimal. However, moisture content may be a major source of error when
analyzing samples of surface soil or sediment that are saturated with water. This error can be
minimized by drying the samples in a convection or toaster oven. Microwave drying is not
recommended because field studies have shown that microwave drying can increase variability
between FPXRF data and confirmatory analysis and because metal fragments in the sample
can cause arcing to occur in a microwave.
4.4
Inconsistent positioning of samples in front of the probe window is a potential
source of error because the x-ray signal decreases as the distance from the radioactive source
increases. This error is minimized by maintaining the same distance between the window and
each sample. For the best results, the window of the probe should be in direct contact with the
sample, which means that the sample should be flat and smooth to provide a good contact
surface.
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4.5
Chemical matrix effects result from differences in the concentrations of interfering
elements. These effects occur as either spectral interferences (peak overlaps) or as x-ray
absorption and enhancement phenomena. Both effects are common in soils contaminated with
heavy metals. As examples of absorption and enhancement effects; iron (Fe) tends to absorb
copper (Cu) x-rays, reducing the intensity of the Cu measured by the detector, while chromium
(Cr) will be enhanced at the expense of Fe because the absorption edge of Cr is slightly lower
in energy than the fluorescent peak of iron. The effects can be corrected mathematically
through the use of fundamental parameter (FP) coefficients. The effects also can be
compensated for using SSCS, which contain all the elements present on site that can interfere
with one another.
4.6
When present in a sample, certain x-ray lines from different elements can be very
close in energy and, therefore, can cause interference by producing a severely overlapped
spectrum. The degree to which a detector can resolve the two different peaks depends on the
energy resolution of the detector. If the energy difference between the two peaks in electron
volts is less than the resolution of the detector in electron volts, then the detector will not be able
to fully resolve the peaks.
The most common spectrum overlaps involve the K line of element Z-1 with the K line of
element Z. This is called the K /K interference. Because the K :K intensity ratio for a given
element usually is about 7:1, the interfering element, Z-1, must be present at large
concentrations to cause a problem. Two examples of this type of spectral interference involve
the presence of large concentrations of vanadium (V) when attempting to measure Cr or the
presence of large concentrations of Fe when attempting to measure cobalt (Co). The V K and
K energies are 4.95 and 5.43 keV, respectively, and the Cr K energy is 5.41 keV. The Fe K
and K energies are 6.40 and 7.06 keV, respectively, and the Co K energy is 6.92 keV. The
difference between the V K and Cr K energies is 20 eV, and the difference between the Fe K
and the Co K energies is 140 eV. The resolution of the highest-resolution detectors in FPXRF
instruments is 170 eV. Therefore, large amounts of V and Fe will interfere with quantitation of
Cr or Co, respectively. The presence of Fe is a frequent problem because it is often found in
soils at tens of thousands of parts per million (ppm).
4.7
Other interferences can arise from K/L, K/M, and L/M line overlaps, although these
overlaps are less common. Examples of such overlap involve arsenic (As) K /lead (Pb) L and
sulfur (S) K /Pb M . In the As/Pb case, Pb can be measured from the Pb L line, and As can be
measured from either the As K or the As Kß line; in this way the interference can be corrected.
If the As K line is used, sensitivity will be decreased by a factor of two to five times because it is
a less intense line than the As K line. If the As K line is used in the presence of Pb,
mathematical corrections within the instrument software can be used to subtract out the Pb
interference. However, because of the limits of mathematical corrections, As concentrations
cannot be efficiently calculated for samples with Pb:As ratios of 10:1 or more. This high ratio of
Pb to As may result in reporting of a "nondetect" or a "less than" value (e.g., <300 ppm) for As,
regardless of the actual concentration present.
No instrument can fully compensate for this interference. It is important for an operator to
understand this limitation of FPXRF instruments and consult with the manufacturer of the
FPXRF instrument to evaluate options to minimize this limitation. The operator’s decision will
be based on action levels for metals in soil established for the site, matrix effects, capabilities of
the instrument, data quality objectives, and the ratio of lead to arsenic known to be present at
the site. If a site is encountered that contains lead at concentrations greater than ten times the
concentration of arsenic it is advisable that all critical soil samples be sent off site for
confirmatory analysis using other techniques (e.g., flame atomic absorption spectrometry
(FLAA), graphite furnance atomic absorption spectrometry (GFAA), inductively coupled plasma6200 - 6
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atomic emission spectrometry, (ICP-AES), or inductively coupled plasma-mass spectrometry,
(ICP-MS)).
4.8
If SSCS are used to calibrate an FPXRF instrument, the samples collected must be
representative of the site under investigation. Representative soil sampling ensures that a
sample or group of samples accurately reflects the concentrations of the contaminants of
concern at a given time and location. Analytical results for representative samples reflect
variations in the presence and concentration ranges of contaminants throughout a site.
Variables affecting sample representativeness include differences in soil type, contaminant
concentration variability, sample collection and preparation variability, and analytical variability,
all of which should be minimized as much as possible.
4.9
Soil physical and chemical effects may be corrected using SSCS that have been
analyzed by inductively coupled plasma (ICP) or atomic absorption (AA) methods. However, a
major source of error can be introduced if these samples are not representative of the site or if
the analytical error is large. Another concern is the type of digestion procedure used to prepare
the soil samples for the reference analysis. Analytical results for the confirmatory method will
vary depending on whether a partial digestion procedure, such as Method 3050, or a total
digestion procedure, such as Method 3052, is used. It is known that depending on the nature of
the soil or sediment, Method 3050 will achieve differing extraction efficiencies for different
analytes of interest. The confirmatory method should meet the project-specific data quality
objectives (DQOs).
XRF measures the total concentration of an element; therefore, to achieve the greatest
comparability of this method with the reference method (reduced bias), a total digestion
procedure should be used for sample preparation. However, in the study used to generate the
performance data for this method (see Table 8), the confirmatory method used was Method
3050, and the FPXRF data compared very well with regression correlation coefficients (r often
exceeding 0.95, except for barium and chromium). The critical factor is that the digestion
procedure and analytical reference method used should meet the DQOs of the project and
match the method used for confirmation analysis.
4.10 Ambient temperature changes can affect the gain of the amplifiers producing
instrument drift. Gain or drift is primarily a function of the electronics (amplifier or preamplifier)
and not the detector as most instrument detectors are cooled to a constant temperature. Most
FPXRF instruments have a built-in automatic gain control. If the automatic gain control is
allowed to make periodic adjustments, the instrument will compensate for the influence of
temperature changes on its energy scale. If the FPXRF instrument has an automatic gain
control function, the operator will not have to adjust the instrument’s gain unless an error
message appears. If an error message appears, the operator should follow the manufacturer’s
procedures for troubleshooting the problem. Often, this involves performing a new energy
calibration. The performance of an energy calibration check to assess drift is a quality control
measure discussed in Sec. 9.2.
If the operator is instructed by the manufacturer to manually conduct a gain check
because of increasing or decreasing ambient temperature, it is standard to perform a gain
check after every 10 to 20 sample measurements or once an hour whichever is more frequent.
It is also suggested that a gain check be performed if the temperature fluctuates more than 10
F. The operator should follow the manufacturer’s recommendations for gain check frequency.
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5.0

SAFETY

5.1
This method does not address all safety issues associated with its use. The user
is responsible for maintaining a safe work environment and a current awareness file of OSHA
regulations regarding the safe handling of the chemicals listed in this method. A reference file
of material safety data sheets (MSDSs) should be available to all personnel involved in these
analyses.
NOTE:

No MSDS applies directly to the radiation-producing instrument because that is
covered under the Nuclear Regulatory Commission (NRC) or applicable state
regulations.

5.2
Proper training for the safe operation of the instrument and radiation training
should be completed by the analyst prior to analysis. Radiation safety for each specific
instrument can be found in the operator’s manual. Protective shielding should never be
removed by the analyst or any personnel other than the manufacturer. The analyst should be
aware of the local state and national regulations that pertain to the use of radiation-producing
equipment and radioactive materials with which compliance is required. There should be a
person appointed within the organization that is solely responsible for properly instructing all
personnel, maintaining inspection records, and monitoring x-ray equipment at regular intervals.
Licenses for radioactive materials are of two types, specifically: (1) a general license
which is usually initiated by the manufacturer for receiving, acquiring, owning, possessing,
using, and transferring radioactive material incorporated in a device or equipment, and (2) a
specific license which is issued to named persons for the operation of radioactive instruments
as required by local, state, or federal agencies. A copy of the radioactive material license (for
specific licenses only) and leak tests should be present with the instrument at all times and
available to local and national authorities upon request.
X-ray tubes do not require radioactive material licenses or leak tests, but do require
approvals and licenses which vary from state to state. In addition, fail-safe x-ray warning lights
should be illuminated whenever an x-ray tube is energized. Provisions listed above concerning
radiation safety regulations, shielding, training, and responsible personnel apply to x-ray tubes
just as to radioactive sources. In addition, a log of the times and operating conditions should be
kept whenever an x-ray tube is energized. An additional hazard present with x-ray tubes is the
danger of electric shock from the high voltage supply, however, if the tube is properly positioned
within the instrument, this is only a negligible risk. Any instrument (x-ray tube or radioisotope
based) is capable of delivering an electric shock from the basic circuitry when the system is
inappropriately opened.
5.3
Radiation monitoring equipment should be used with the handling and operation of
the instrument. The operator and the surrounding environment should be monitored continually
for analyst exposure to radiation. Thermal luminescent detectors (TLD) in the form of badges
and rings are used to monitor operator radiation exposure. The TLDs or badges should be worn
in the area of maximum exposure. The maximum permissible whole-body dose from
occupational exposure is 5 Roentgen Equivalent Man (REM) per year. Possible exposure
pathways for radiation to enter the body are ingestion, inhaling, and absorption. The best
precaution to prevent radiation exposure is distance and shielding.
6.0

EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
6200 - 8

Revision 0
February 2007

use. The products and instrument settings cited in SW-846 methods represent those products
and settings used during method development or subsequently evaluated by the Agency.
Glassware, reagents, supplies, equipment, and settings other than those listed in this manual
may be employed provided that method performance appropriate for the intended application
has been demonstrated and documented.
6.1
FPXRF spectrometer -- An FPXRF spectrometer consists of four major
components: (1) a source that provides x-rays; (2) a sample presentation device; (3) a detector
that converts x-ray-generated photons emitted from the sample into measurable electronic
signals; and (4) a data processing unit that contains an emission or fluorescence energy
analyzer, such as an MCA, that processes the signals into an x-ray energy spectrum from which
elemental concentrations in the sample may be calculated, and a data display and storage
system. These components and additional, optional items, are discussed below.
6.1.1
Excitation sources -- FPXRF instruments use either a sealed radioisotope
source or an x-ray tube to provide the excitation source. Many FPXRF instruments use
sealed radioisotope sources to produce x-rays in order to irradiate samples. The FPXRF
instrument may contain between one and three radioisotope sources. Common
radioisotope sources used for analysis for metals in soils are iron Fe-55 (55Fe), cadmium
Cd-109 (109Cd), americium Am-241 (241Am), and curium Cm-244 (244Cm). These sources
may be contained in a probe along with a window and the detector; the probe may be
connected to a data reduction and handling system by means of a flexible cable.
Alternatively, the sources, window, and detector may be included in the same unit as the
data reduction and handling system.
The relative strength of the radioisotope sources is measured in units of millicuries
(mCi). All other components of the FPXRF system being equal, the stronger the source,
the greater the sensitivity and precision of a given instrument. Radioisotope sources
undergo constant decay. In fact, it is this decay process that emits the primary x-rays
used to excite samples for FPXRF analysis. The decay of radioisotopes is measured in
"half-lives." The half-life of a radioisotope is defined as the length of time required to
reduce the radioisotopes strength or activity by half. Developers of FPXRF technologies
recommend source replacement at regular intervals based on the source's half-life. This
is due to the ever increasing time required for the analysis rather than a decrease in
instrument performance. The characteristic x-rays emitted from each of the different
sources have energies capable of exciting a certain range of analytes in a sample. Table
2 summarizes the characteristics of four common radioisotope sources.
X-ray tubes have higher radiation output, no intrinsic lifetime limit, produce
constant output over their lifetime, and do not have the disposal problems of radioactive
sources but are just now appearing in FPXRF instruments. An electrically-excited x-ray
tube operates by bombarding an anode with electrons accelerated by a high voltage. The
electrons gain an energy in electron volts equal to the accelerating voltage and can excite
atomic transitions in the anode, which then produces characteristic x-rays. These
characteristic x-rays are emitted through a window which contains the vacuum necessary
for the electron acceleration. An important difference between x-ray tubes and radioactive
sources is that the electrons which bombard the anode also produce a continuum of
x-rays across a broad range of energies in addition to the characteristic x-rays. This
continuum is weak compared to the characteristic x-rays but can provide substantial
excitation since it covers a broad energy range. It has the undesired property of producing
background in the spectrum near the analyte x-ray lines when it is scattered by the
sample. For this reason a filter is often used between the x-ray tube and the sample to
suppress the continuum radiation while passing the characteristic x-rays from the anode.
This filter is sometimes incorporated into the window of the x-ray tube. The choice of
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accelerating voltage is governed both by the anode material, since the electrons must
have sufficient energy to excite the anode, which requires a voltage greater than the
absorption edge of the anode material and by the instrument’s ability to cool the x-ray
tube. The anode is most efficiently excited by voltages 2 to 2.5 times the edge energy
(most x-rays per unit power to the tube), although voltages as low as 1.5 times the
absorption edge energy will work. The characteristic x-rays emitted by the anode are
capable of exciting a range of elements in the sample just as with a radioactive source.
Table 3 gives the recommended operating voltages and the sample elements excited for
some common anodes.
6.1.2
Sample presentation device -- FPXRF instruments can be operated in two
modes: in situ and intrusive. If operated in the in situ mode, the probe window is placed
in direct contact with the soil surface to be analyzed. When an FPXRF instrument is
operated in the intrusive mode, a soil or sediment sample must be collected, prepared,
and placed in a sample cup. For FPXRF instruments operated in the intrusive mode, the
probe may be rotated so that the window faces either upward or downward. A protective
sample cover is placed over the window, and the sample cup is placed on top of the
window inside the protective sample cover for analysis.
6.1.3
Detectors -- The detectors in the FPXRF instruments can be either solidstate detectors or gas-filled, proportional counter detectors. Common solid-state detectors
include mercuric iodide (HgI2), silicon pin diode and lithium-drifted silicon Si(Li). The HgI2
detector is operated at a moderately subambient temperature controlled by a low power
thermoelectric cooler. The silicon pin diode detector also is cooled via the thermoelectric
Peltier effect. The Si(Li) detector must be cooled to at least -90 C either with liquid
nitrogen or by thermoelectric cooling via the Peltier effect. Instruments with a Si(Li)
detector have an internal liquid nitrogen dewar with a capacity of 0.5 to 1.0 L. Proportional
counter detectors are rugged and lightweight, which are important features of a field
portable detector. However, the resolution of a proportional counter detector is not as
good as that of a solid-state detector. The energy resolution of a detector for
characteristic x-rays is usually expressed in terms of full width at half-maximum (FWHM)
height of the manganese K peak at 5.89 keV. The typical resolutions of the above
mentioned detectors are as follows: HgI2-270 eV; silicon pin diode-250 eV; Si(Li)–170 eV;
and gas-filled, proportional counter-750 eV.
During operation of a solid-state detector, an x-ray photon strikes a biased, solidstate crystal and loses energy in the crystal by producing electron-hole pairs. The electric
charge produced is collected and provides a current pulse that is directly proportional to
the energy of the x-ray photon absorbed by the crystal of the detector. A gas-filled,
proportional counter detector is an ionization chamber filled with a mixture of noble and
other gases. An x-ray photon entering the chamber ionizes the gas atoms. The electric
charge produced is collected and provides an electric signal that is directly proportional to
the energy of the x-ray photon absorbed by the gas in the detector.
6.1.4
Data processing units -- The key component in the data processing unit of
an FPXRF instrument is the MCA. The MCA receives pulses from the detector and sorts
them by their amplitudes (energy level). The MCA counts pulses per second to determine
the height of the peak in a spectrum, which is indicative of the target analyte's
concentration. The spectrum of element peaks are built on the MCA. The MCAs in
FPXRF instruments have from 256 to 2,048 channels. The concentrations of target
analytes are usually shown in ppm on a liquid crystal display (LCD) in the instrument.
FPXRF instruments can store both spectra and from 3,000 to 5,000 sets of numerical
analytical results. Most FPXRF instruments are menu-driven from software built into the
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units or from PCs. Once the data–storage memory of an FPXRF unit is full or at any other
time, data can be downloaded by means of an RS-232 port and cable to a PC.
6.2

Spare battery and battery charger.

6.3
Polyethylene sample cups -- 31 to 40 mm in diameter with collar, or equivalent
(appropriate for FPXRF instrument).
6.4
X-ray window film -- MylarTM, KaptonTM, SpectroleneTM, polypropylene, or
equivalent; 2.5 to 6.0 µm thick.
6.5
Mortar and pestle -- Glass, agate, or aluminum oxide; for grinding soil and
sediment samples.
6.6

Containers -- Glass or plastic to store samples.

6.7
Sieves -- 60-mesh (0.25 mm), stainless-steel, Nylon, or equivalent for preparing
soil and sediment samples.
6.8

Trowels -- For smoothing soil surfaces and collecting soil samples.

6.9

Plastic bags -- Used for collection and homogenization of soil samples.

6.10 Drying oven -- Standard convection or toaster oven, for soil and sediment samples
that require drying.
7.0

REAGENTS AND STANDARDS

7.1
Reagent grade chemicals must be used in all tests. Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.
7.2
Pure element standards -- Each pure, single-element standard is intended to
produce strong characteristic x-ray peaks of the element of interest only. Other elements
present must not contribute to the fluorescence spectrum. A set of pure element standards for
commonly sought analytes is supplied by the instrument manufacturer, if designated for the
instrument; not all instruments require the pure element standards. The standards are used to
set the region of interest (ROI) for each element. They also can be used as energy calibration
and resolution check samples.
7.3
Site-specific calibration standards -- Instruments that employ fundamental
parameters (FP) or similar mathematical models in minimizing matrix effects may not require
SSCS. If the FP calibration model is to be optimized or if empirical calibration is necessary,
then SSCSs must be collected, prepared, and analyzed.
7.3.1
The SSCS must be representative of the matrix to be analyzed by
FPXRF. These samples must be well homogenized. A minimum of 10 samples spanning
the concentration ranges of the analytes of interest and of the interfering elements must
be obtained from the site. A sample size of 4 to 8 ounces is recommended, and standard
glass sampling jars should be used.
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7.3.2
Each sample should be oven-dried for 2 to 4 hr at a temperature of less
than 150 C. If mercury is to be analyzed, a separate sample portion should be dried at
ambient temperature as heating may volatilize the mercury. When the sample is dry, all
large, organic debris and nonrepresentative material, such as twigs, leaves, roots, insects,
asphalt, and rock should be removed. The sample should be homogenized (see Sec.
7.3.3) and then a representative portion ground with a mortar and pestle or other
mechanical means, prior to passing through a 60-mesh sieve. Only the coarse rock
fraction should remain on the screen.
7.3.3
The sample should be homogenized by using a riffle splitter or by placing
150 to 200 g of the dried, sieved sample on a piece of kraft or butcher paper about 1.5 by
1.5 feet in size. Each corner of the paper should be lifted alternately, rolling the soil over
on itself and toward the opposite corner. The soil should be rolled on itself 20 times.
Approximately 5 g of the sample should then be removed and placed in a sample cup for
FPXRF analysis. The rest of the prepared sample should be sent off site for ICP or AA
analysis. The method use for confirmatory analysis should meet the data quality
objectives of the project.
7.4
Blank samples -- The blank samples should be from a "clean" quartz or silicon
dioxide matrix that is free of any analytes at concentrations above the established lower limit of
detection. These samples are used to monitor for cross-contamination and laboratory-induced
contaminants or interferences.
7.5
Standard reference materials -- Standard reference materials (SRMs) are
standards containing certified amounts of metals in soil or sediment. These standards are used
for accuracy and performance checks of FPXRF analyses. SRMs can be obtained from the
National Institute of Standards and Technology (NIST), the U.S. Geological Survey (USGS), the
Canadian National Research Council, and the national bureau of standards in foreign nations.
Pertinent NIST SRMs for FPXRF analysis include 2704, Buffalo River Sediment; 2709, San
Joaquin Soil; and 2710 and 2711, Montana Soil. These SRMs contain soil or sediment from
actual sites that has been analyzed using independent inorganic analytical methods by many
different laboratories. When these SRMs are unavailable, alternate standards may be used
(e.g., NIST 2702).
8.0

SAMPLE COLLECTION, PRESERVATION, AND STORAGE

Sample handling and preservation procedures used in FPXRF analyses should follow the
guidelines in Chapter Three, "Inorganic Analytes."
9.0

QUALITY CONTROL

9.1
Follow the manufacturer’s instructions for the quality control procedures specific to
use of the testing product. Refer to Chapter One for additional guidance on quality assurance
(QA) and quality control (QC) protocols. Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a
Quality Assurance Project Plan (QAPP) or a Sampling and Analysis Plan (SAP), which
translates project objectives and specifications into directions for those that will implement the
project and assess the results.
9.2
Energy calibration check -- To determine whether an FPXRF instrument is
operating within resolution and stability tolerances, an energy calibration check should be run.
The energy calibration check determines whether the characteristic x-ray lines are shifting,
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which would indicate drift within the instrument. As discussed in Sec. 4.10, this check also
serves as a gain check in the event that ambient temperatures are fluctuating greatly (more than
10 F).
9.2.1
The energy calibration check should be run at a frequency consistent with
manufacturer’s recommendations. Generally, this would be at the beginning of each
working day, after the batteries are changed or the instrument is shut off, at the end of
each working day, and at any other time when the instrument operator believes that drift is
occurring during analysis. A pure element such as iron, manganese, copper, or lead is
often used for the energy calibration check. A manufacturer-recommended count time per
source should be used for the check.
9.2.2
The instrument manufacturer’s manual specifies the channel or
kiloelectron volt level at which a pure element peak should appear and the expected
intensity of the peak. The intensity and channel number of the pure element as measured
using the source should be checked and compared to the manufacturer's
recommendation. If the energy calibration check does not meet the manufacturer's
criteria, then the pure element sample should be repositioned and reanalyzed. If the
criteria are still not met, then an energy calibration should be performed as described in
the manufacturer's manual. With some FPXRF instruments, once a spectrum is acquired
from the energy calibration check, the peak can be optimized and realigned to the
manufacturer's specifications using their software.
9.3
Blank samples -- Two types of blank samples should be analyzed for FPXRF
analysis, specifically, instrument blanks and method blanks.
9.3.1
An instrument blank is used to verify that no contamination exists in the
spectrometer or on the probe window. The instrument blank can be silicon dioxide, a
polytetraflurorethylene (PTFE) block, a quartz block, "clean" sand, or lithium carbonate.
This instrument blank should be analyzed on each working day before and after analyses
are conducted and once per every twenty samples. An instrument blank should also be
analyzed whenever contamination is suspected by the analyst. The frequency of analysis
will vary with the data quality objectives of the project. A manufacturer-recommended
count time per source should be used for the blank analysis. No element concentrations
above the established lower limit of detection should be found in the instrument blank. If
concentrations exceed these limits, then the probe window and the check sample should
be checked for contamination. If contamination is not a problem, then the instrument must
be "zeroed" by following the manufacturer's instructions.
9.3.2
A method blank is used to monitor for laboratory-induced contaminants or
interferences. The method blank can be "clean" silica sand or lithium carbonate that
undergoes the same preparation procedure as the samples. A method blank must be
analyzed at least daily. The frequency of analysis will depend on the data quality
objectives of the project. If the method blank does not contain the target analyte at a level
that interferes with the project-specific data quality objectives then the method blank would
be considered acceptable. In the absence of project-specific data quality objectives, if the
blank is less than the lowest level of detection or less than 10% of the lowest sample
concentration for the analyte, whichever is greater, then the method blank would be
considered acceptable. If the method blank cannot be considered acceptable, the cause
of the problem must be identified, and all samples analyzed with the method blank must
be reanalyzed.
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9.4
Calibration verification checks -- A calibration verification check sample is used to
check the accuracy of the instrument and to assess the stability and consistency of the analysis
for the analytes of interest. A check sample should be analyzed at the beginning of each
working day, during active sample analyses, and at the end of each working day. The
frequency of calibration checks during active analysis will depend on the data quality objectives
of the project. The check sample should be a well characterized soil sample from the site that is
representative of site samples in terms of particle size and degree of homogeneity and that
contains contaminants at concentrations near the action levels. If a site-specific sample is not
available, then an NIST or other SRM that contains the analytes of interest can be used to verify
the accuracy of the instrument. The measured value for each target analyte should be within
±20 percent (%D) of the true value for the calibration verification check to be acceptable. If a
measured value falls outside this range, then the check sample should be reanalyzed. If the
value continues to fall outside the acceptance range, the instrument should be recalibrated, and
the batch of samples analyzed before the unacceptable calibration verification check must be
reanalyzed.
9.5
Precision measurements -- The precision of the method is monitored by analyzing
a sample with low, moderate, or high concentrations of target analytes. The frequency of
precision measurements will depend on the data quality objectives for the data. A minimum of
one precision sample should be run per day. Each precision sample should be analyzed 7
times in replicate. It is recommended that precision measurements be obtained for samples
with varying concentration ranges to assess the effect of concentration on method precision.
Determining method precision for analytes at concentrations near the site action levels can be
extremely important if the FPXRF results are to be used in an enforcement action; therefore,
selection of at least one sample with target analyte concentrations at or near the site action
levels or levels of concern is recommended. A precision sample is analyzed by the instrument
for the same field analysis time as used for other project samples. The relative standard
deviation (RSD) of the sample mean is used to assess method precision. For FPXRF data to
be considered adequately precise, the RSD should not be greater than 20 percent with the
exception of chromium. RSD values for chromium should not be greater than 30 percent. If
both in situ and intrusive analytical techniques are used during the course of one day, it is
recommended that separate precision calculations be performed for each analysis type.
The equation for calculating RSD is as follows:
RSD = (SD/Mean Concentration) x 100
where:
RSD
SD
Mean concentration

=
=
=

Relative standard deviation for the precision measurement for the
analyte
Standard deviation of the concentration for the analyte
Mean concentration for the analyte

The precision or reproducibility of a measurement will improve with increasing count time,
however, increasing the count time by a factor of 4 will provide only 2 times better precision, so
there is a point of diminishing return. Increasing the count time also improves the sensitivity,
but decreases sample throughput.
9.6
The lower limits of detection should be established from actual measured
performance based on spike recoveries in the matrix of concern or from acceptable method
performance on a certified reference material of the appropriate matrix and within the
appropriate calibration range for the application. This is considered the best estimate of the true
method sensitivity as opposed to a statistical determination based on the standard deviation of
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replicate analyses of a low-concentration sample. While the statistical approach demonstrates
the potential data variability for a given sample matrix at one point in time, it does not represent
what can be detected or most importantly the lowest concentration that can be calibrated. For
this reason the sensitivity should be established as the lowest point of detection based on
acceptable target analyte recovery in the desired sample matrix.
9.7
Confirmatory samples -- The comparability of the FPXRF analysis is determined by
submitting FPXRF-analyzed samples for analysis at a laboratory. The method of confirmatory
analysis must meet the project and XRF measurement data quality objectives. The
confirmatory samples must be splits of the well homogenized sample material. In some cases
the prepared sample cups can be submitted. A minimum of 1 sample for each 20 FPXRFanalyzed samples should be submitted for confirmatory analysis. This frequency will depend on
project-specific data quality objectives. The confirmatory analyses can also be used to verify
the quality of the FPXRF data. The confirmatory samples should be selected from the lower,
middle, and upper range of concentrations measured by the FPXRF. They should also include
samples with analyte concentrations at or near the site action levels. The results of the
confirmatory analysis and FPXRF analyses should be evaluated with a least squares linear
regression analysis. If the measured concentrations span more than one order of magnitude,
the data should be log-transformed to standardize variance which is proportional to the
magnitude of measurement. The correlation coefficient (r) for the results should be 0.7 or
greater for the FPXRF data to be considered screening level data. If the r is 0.9 or greater and
inferential statistics indicate the FPXRF data and the confirmatory data are statistically
equivalent at a 99 percent confidence level, the data could potentially meet definitive level data
criteria.
10.0 CALIBRATION AND STANDARDIZATION
10.1 Instrument calibration -- Instrument calibration procedures vary among FPXRF
instruments. Users of this method should follow the calibration procedures outlined in the
operator's manual for each specific FPXRF instrument. Generally, however, three types of
calibration procedures exist for FPXRF instruments, namely: FP calibration, empirical
calibration, and the Compton peak ratio or normalization method. These three types of
calibration are discussed below.
10.2 Fundamental parameters calibration -- FP calibration procedures are extremely
variable. An FP calibration provides the analyst with a "standardless" calibration. The
advantages of FP calibrations over empirical calibrations include the following:
•

No previously collected site-specific samples are necessary, although
site-specific samples with confirmed and validated analytical results for all
elements present could be used.

•

Cost is reduced because fewer confirmatory laboratory results or
calibration standards are necessary.

However, the analyst should be aware of the limitations imposed on FP calibration by
particle size and matrix effects. These limitations can be minimized by adhering to the
preparation procedure described in Sec. 7.3. The two FP calibration processes discussed
below are based on an effective energy FP routine and a back scatter with FP (BFP) routine.
Each FPXRF FP calibration process is based on a different iterative algorithmic method. The
calibration procedure for each routine is explained in detail in the manufacturer's user manual
for each FPXRF instrument; in addition, training courses are offered for each instrument.
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10.2.1 Effective energy FP calibration -- The effective energy FP calibration is
performed by the manufacturer before an instrument is sent to the analyst. Although
SSCS can be used, the calibration relies on pure element standards or SRMs such as
those obtained from NIST for the FP calibration. The effective energy routine relies on the
spectrometer response to pure elements and FP iterative algorithms to compensate for
various matrix effects.
Alpha coefficients are calculated using a variation of the Sherman equation, which
calculates theoretical intensities from the measurement of pure element samples. These
coefficients indicate the quantitative effect of each matrix element on an analyte's
measured x-ray intensity. Next, the Lachance Traill algorithm is solved as a set of
simultaneous equations based on the theoretical intensities. The alpha coefficients are
then downloaded into the specific instrument.
The working effective energy FP calibration curve must be verified before sample
analysis begins on each working day, after every 20 samples are analyzed, and at the end
of sampling. This verification is performed by analyzing either an NIST SRM or an SSCS
that is representative of the site-specific samples. This SRM or SSCS serves as a
calibration check. A manufacturer-recommended count time per source should be used
for the calibration check. The analyst must then adjust the y-intercept and slope of the
calibration curve to best fit the known concentrations of target analytes in the SRM or
SSCS.
A percent difference (%D) is then calculated for each target analyte. The %D
should be within ±20 percent of the certified value for each analyte. If the %D falls outside
this acceptance range, then the calibration curve should be adjusted by varying the slope
of the line or the y-intercept value for the analyte. The SRM or SSCS is reanalyzed until
the %D falls within ±20 percent. The group of 20 samples analyzed before an out-ofcontrol calibration check should be reanalyzed.
The equation to calibrate %D is as follows:
%D = ((Cs - Ck) / Ck) x 100
where:
%D = Percent difference
Ck = Certified concentration of standard sample
Cs = Measured concentration of standard sample
10.2.2 BFP calibration -- BFP calibration relies on the ability of the liquid
nitrogen-cooled, Si(Li) solid-state detector to separate the coherent (Compton) and
incoherent (Rayleigh) backscatter peaks of primary radiation. These peak intensities are
known to be a function of sample composition, and the ratio of the Compton to Rayleigh
peak is a function of the mass absorption of the sample. The calibration procedure is
explained in detail in the instrument manufacturer's manual. Following is a general
description of the BFP calibration procedure.
The concentrations of all detected and quantified elements are entered into the
computer software system. Certified element results for an NIST SRM or confirmed and
validated results for an SSCS can be used. In addition, the concentrations of oxygen and
silicon must be entered; these two concentrations are not found in standard metals
analyses. The manufacturer provides silicon and oxygen concentrations for typical soil
types. Pure element standards are then analyzed using a manufacturer-recommended
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count time per source. The results are used to calculate correction factors in order to
adjust for spectrum overlap of elements.
The working BFP calibration curve must be verified before sample analysis begins
on each working day, after every 20 samples are analyzed, and at the end of the analysis.
This verification is performed by analyzing either an NIST SRM or an SSCS that is
representative of the site-specific samples. This SRM or SSCS serves as a calibration
check. The standard sample is analyzed using a manufacturer-recommended count time
per source to check the calibration curve. The analyst must then adjust the y-intercept
and slope of the calibration curve to best fit the known concentrations of target analytes in
the SRM or SSCS.
A %D is then calculated for each target analyte. The %D should fall within ±20
percent of the certified value for each analyte. If the %D falls outside this acceptance
range, then the calibration curve should be adjusted by varying the slope of the line the yintercept value for the analyte. The standard sample is reanalyzed until the %D falls within
±20 percent. The group of 20 samples analyzed before an out-of-control calibration check
should be reanalyzed.
10.3 Empirical calibration -- An empirical calibration can be performed with SSCS, sitetypical standards, or standards prepared from metal oxides. A discussion of SSCS is included
in Sec. 7.3; if no previously characterized samples exist for a specific site, site-typical standards
can be used. Site-typical standards may be selected from commercially available characterized
soils or from SSCS prepared for another site. The site-typical standards should closely
approximate the site's soil matrix with respect to particle size distribution, mineralogy, and
contaminant analytes. If neither SSCS nor site-typical standards are available, it is possible to
make gravimetric standards by adding metal oxides to a "clean" sand or silicon dioxide matrix
that simulates soil. Metal oxides can be purchased from various chemical vendors. If standards
are made on site, a balance capable of weighing items to at least two decimal places is
necessary. Concentrated ICP or AA standard solutions can also be used to make standards.
These solutions are available in concentrations of 10,000 parts per million, thus only small
volumes have to be added to the soil.
An empirical calibration using SSCS involves analysis of SSCS by the FPXRF instrument
and by a conventional analytical method such as ICP or AA. A total acid digestion procedure
should be used by the laboratory for sample preparation. Generally, a minimum of 10 and a
maximum of 30 well characterized SSCS, site-typical standards, or prepared metal oxide
standards are necessary to perform an adequate empirical calibration. The exact number of
standards depends on the number of analytes of interest and interfering elements.
Theoretically, an empirical calibration with SSCS should provide the most accurate data for a
site because the calibration compensates for site-specific matrix effects.
The first step in an empirical calibration is to analyze the pure element standards for the
elements of interest. This enables the instrument to set channel limits for each element for
spectral deconvolution. Next the SSCS, site-typical standards, or prepared metal oxide
standards are analyzed using a count time of 200 seconds per source or a count time
recommended by the manufacturer. This will produce a spectrum and net intensity of each
analyte in each standard. The analyte concentrations for each standard are then entered into
the instrument software; these concentrations are those obtained from the laboratory, the
certified results, or the gravimetrically determined concentrations of the prepared standards.
This gives the instrument analyte values to regress against corresponding intensities during the
modeling stage. The regression equation correlates the concentrations of an analyte with its
net intensity.
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The calibration equation is developed using a least squares fit regression analysis. After
the regression terms to be used in the equation are defined, a mathematical equation can be
developed to calculate the analyte concentration in an unknown sample. In some FPXRF
instruments, the software of the instrument calculates the regression equation. The software
uses calculated intercept and slope values to form a multiterm equation. In conjunction with the
software in the instrument, the operator can adjust the multiterm equation to minimize
interelement interferences and optimize the intensity calibration curve.
It is possible to define up to six linear or nonlinear terms in the regression equation.
Terms can be added and deleted to optimize the equation. The goal is to produce an equation
with the smallest regression error and the highest correlation coefficient. These values are
automatically computed by the software as the regression terms are added, deleted, or
modified. It is also possible to delete data points from the regression line if these points are
significant outliers or if they are heavily weighing the data. Once the regression equation has
been selected for an analyte, the equation can be entered into the software for quantitation of
analytes in subsequent samples. For an empirical calibration to be acceptable, the regression
equation for a specific analyte should have a correlation coefficient of 0.98 or greater or meet
the DQOs of the project.
In an empirical calibration, one must apply the DQOs of the project and ascertain critical or
action levels for the analytes of interest. It is within these concentration ranges or around these
action levels that the FPXRF instrument should be calibrated most accurately. It may not be
possible to develop a good regression equation over several orders of analyte concentration.
10.4 Compton normalization method -- The Compton normalization method is based on
analysis of a single, certified standard and normalization for the Compton peak. The Compton
peak is produced from incoherent backscattering of x-ray radiation from the excitation source
and is present in the spectrum of every sample. The Compton peak intensity changes with
differing matrices. Generally, matrices dominated by lighter elements produce a larger
Compton peak, and those dominated by heavier elements produce a smaller Compton peak.
Normalizing to the Compton peak can reduce problems with varying matrix effects among
samples. Compton normalization is similar to the use of internal standards in organics analysis.
The Compton normalization method may not be effective when analyte concentrations exceed a
few percent.
The certified standard used for this type of calibration could be an NIST SRM such as
2710 or 2711. The SRM must be a matrix similar to the samples and must contain the analytes
of interests at concentrations near those expected in the samples. First, a response factor has
to be determined for each analyte. This factor is calculated by dividing the net peak intensity by
the analyte concentration. The net peak intensity is gross intensity corrected for baseline
reading. Concentrations of analytes in samples are then determined by multiplying the baseline
corrected analyte signal intensity by the normalization factor and by the response factor. The
normalization factor is the quotient of the baseline corrected Compton K peak intensity of the
SRM divided by that of the samples. Depending on the FPXRF instrument used, these
calculations may be done manually or by the instrument software.
11.0 PROCEDURE
11.1 Operation of the various FPXRF instruments will vary according to the
manufacturers' protocols. Before operating any FPXRF instrument, one should consult the
manufacturer's manual. Most manufacturers recommend that their instruments be allowed to
warm up for 15 to 30 minutes before analysis of samples. This will help alleviate drift or energy
calibration problems later during analysis.
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11.2 Each FPXRF instrument should be operated according to the manufacturer's
recommendations. There are two modes in which FPXRF instruments can be operated: in situ
and intrusive. The in situ mode involves analysis of an undisturbed soil sediment or sample.
Intrusive analysis involves collection and preparation of a soil or sediment sample before
analysis. Some FPXRF instruments can operate in both modes of analysis, while others are
designed to operate in only one mode. The two modes of analysis are discussed below.
11.3 For in situ analysis, remove any large or nonrepresentative debris from the soil
surface before analysis. This debris includes rocks, pebbles, leaves, vegetation, roots, and
concrete. Also, the soil surface must be as smooth as possible so that the probe window will
have good contact with the surface. This may require some leveling of the surface with a
stainless-steel trowel. During the study conducted to provide example performance data for this
method, this modest amount of sample preparation was found to take less than 5 min per
sample location. The last requirement is that the soil or sediment not be saturated with water.
Manufacturers state that their FPXRF instruments will perform adequately for soils with moisture
contents of 5 to 20 percent but will not perform well for saturated soils, especially if ponded
water exists on the surface. Another recommended technique for in situ analysis is to tamp the
soil to increase soil density and compactness for better repeatability and representativeness.
This condition is especially important for heavy element analysis, such as barium. Source count
times for in situ analysis usually range from 30 to 120 seconds, but source count times will vary
among instruments and depending on the desired method sensitivity. Due to the
heterogeneous nature of the soil sample, in situ analysis can provide only “screening” type data.
11.4 For intrusive analysis of surface or sediment, it is recommended that a sample be
collected from a 4- by 4-inch square that is 1 inch deep. This will produce a soil sample of
approximately 375 g or 250 cm3, which is enough soil to fill an 8-ounce jar. However, the exact
dimensions and sample depth should take into consideration the heterogeneous deposition of
contaminants and will ultimately depend on the desired project-specific data quality objectives.
The sample should be homogenized, dried, and ground before analysis. The sample can be
homogenized before or after drying. The homogenization technique to be used after drying is
discussed in Sec. 4.2. If the sample is homogenized before drying, it should be thoroughly
mixed in a beaker or similar container, or if the sample is moist and has a high clay content, it
can be kneaded in a plastic bag. One way to monitor homogenization when the sample is
kneaded in a plastic bag is to add sodium fluorescein dye to the sample. After the moist sample
has been homogenized, it is examined under an ultraviolet light to assess the distribution of
sodium fluorescein throughout the sample. If the fluorescent dye is evenly distributed in the
sample, homogenization is considered complete; if the dye is not evenly distributed, mixing
should continue until the sample has been thoroughly homogenized. During the study
conducted to provide data for this method, the time necessary for homogenization procedure
using the fluorescein dye ranged from 3 to 5 min per sample. As demonstrated in Secs. 13.5
and 13.7, homogenization has the greatest impact on the reduction of sampling variability. It
produces little or no contamination. Often, the direct analysis through the plastic bag is possible
without the more labor intensive steps of drying, grinding, and sieving given in Secs. 11.5 and
11.6. Of course, to achieve the best data quality possible all four steps should be followed.
11.5 Once the soil or sediment sample has been homogenized, it should be dried. This
can be accomplished with a toaster oven or convection oven. A small aliquot of the sample (20
to 50 g) is placed in a suitable container for drying. The sample should be dried for 2 to 4 hr in
the convection or toaster oven at a temperature not greater than 150 C. Samples may also be
air dried under ambient temperature conditions using a 10- to 20-g portion. Regardless of what
drying mechanism is used, the drying process is considered complete when a constant sample
weight can be obtained. Care should be taken to avoid sample cross-contamination and these
measures can be evaluated by including an appropriate method blank sample along with any
sample preparation process.
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CAUTION: Microwave drying is not a recommended procedure. Field studies have shown that
microwave drying can increase variability between the FPXRF data and
confirmatory analysis. High levels of metals in a sample can cause arcing in the
microwave oven, and sometimes slag forms in the sample. Microwave oven drying
can also melt plastic containers used to hold the sample.
11.6 The homogenized dried sample material should be ground with a mortar and pestle
and passed through a 60-mesh sieve to achieve a uniform particle size. Sample grinding
should continue until at least 90 percent of the original sample passes through the sieve. The
grinding step normally takes an average of 10 min per sample. An aliquot of the sieved sample
should then be placed in a 31.0-mm polyethylene sample cup (or equivalent) for analysis. The
sample cup should be one-half to three-quarters full at a minimum. The sample cup should be
covered with a 2.5 µm Mylar (or equivalent) film for analysis. The rest of the soil sample should
be placed in a jar, labeled, and archived for possible confirmation analysis. All equipment
including the mortar, pestle, and sieves must be thoroughly cleaned so that any crosscontamination is below the established lower limit of detection of the procedure or DQOs of the
analysis. If all recommended sample preparation steps are followed, there is a high probability
the desired laboratory data quality may be obtained.
12.0 DATA ANALYSIS AND CALCULATIONS
Most FPXRF instruments have software capable of storing all analytical results and
spectra. The results are displayed in ppm and can be downloaded to a personal computer,
which can be used to provide a hard copy printout. Individual measurements that are smaller
than three times their associated SD should not be used for quantitation. See the
manufacturer’s instructions regarding data analysis and calculations.
13.0 METHOD PERFORMANCE
13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of
the methods. Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method. These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.
13.2 The sections to follow discuss three performance evaluation factors; namely,
precision, accuracy, and comparability. The example data presented in Tables 4 through 8
were generated from results obtained from six FPXRF instruments (see Sec. 13.3). The soil
samples analyzed by the six FPXRF instruments were collected from two sites in the United
States. The soil samples contained several of the target analytes at concentrations ranging
from "nondetect" to tens of thousands of mg/kg. These data are provided for guidance
purposes only.
13.3 The six FPXRF instruments included the TN 9000 and TN Lead Analyzer
manufactured by TN Spectrace; the X-MET 920 with a SiLi detector and X-MET 920 with a gasfilled proportional detector manufactured by Metorex, Inc.; the XL Spectrum Analyzer
manufactured by Niton; and the MAP Spectrum Analyzer manufactured by Scitec. The TN 9000
and TN Lead Analyzer both have a HgI2 detector. The TN 9000 utilized an Fe-55, Cd-109, and
Am-241 source. The TN Lead Analyzer had only a Cd-109 source. The X-Met 920 with the SiLi
detector had a Cd-109 and Am-241 source. The X-MET 920 with the gas-filled proportional
detector had only a Cd-109 source. The XL Spectrum Analyzer utilized a silicon pin-diode
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detector and a Cd-109 source. The MAP Spectrum Analyzer utilized a solid-state silicon
detector and a Cd-109 source.
13.4 All example data presented in Tables 4 through 8 were generated using the
following calibrations and source count times. The TN 9000 and TN Lead Analyzer were
calibrated using fundamental parameters using NIST SRM 2710 as a calibration check sample.
The TN 9000 was operated using 100, 60, and 60 second count times for the Cd-109, Fe-55,
and Am-241 sources, respectively. The TN Lead analyzer was operated using a 60 second
count time for the Cd-109 source. The X-MET 920 with the Si(Li) detector was calibrated using
fundamental parameters and one well characterized site-specific soil standard as a calibration
check. It used 140 and 100 second count times for the Cd-109 and Am-241 sources,
respectively. The X-MET 920 with the gas-filled proportional detector was calibrated empirically
using between 10 and 20 well characterized site-specific soil standards. It used 120 second
times for the Cd-109 source. The XL Spectrum Analyzer utilized NIST SRM 2710 for calibration
and the Compton peak normalization procedure for quantitation based on 60 second count
times for the Cd-109 source. The MAP Spectrum Analyzer was internally calibrated by the
manufacturer. The calibration was checked using a well-characterized site-specific soil
standard. It used 240 second times for the Cd-109 source.
13.5 Precision measurements -- The example precision data are presented in Table 4.
These data are provided for guidance purposes only. Each of the six FPXRF instruments
performed 10 replicate measurements on 12 soil samples that had analyte concentrations
ranging from "nondetects" to thousands of mg/kg. Each of the 12 soil samples underwent 4
different preparation techniques from in situ (no preparation) to dried and ground in a sample
cup. Therefore, there were 48 precision data points for five of the instruments and 24 precision
points for the MAP Spectrum Analyzer. The replicate measurements were taken using the
source count times discussed at the beginning of this section.
For each detectable analyte in each precision sample a mean concentration, standard
deviation, and RSD was calculated for each analyte. The data presented in Table 4 is an
average RSD for the precision samples that had analyte concentrations at 5 to 10 times the
lower limit of detection for that analyte for each instrument. Some analytes such as mercury,
selenium, silver, and thorium were not detected in any of the precision samples so these
analytes are not listed in Table 4. Some analytes such as cadmium, nickel, and tin were only
detected at concentrations near the lower limit of detection so that an RSD value calculated at 5
to 10 times this limit was not possible.
One FPXRF instrument collected replicate measurements on an additional nine soil
samples to provide a better assessment of the effect of sample preparation on precision. Table
5 shows these results. These data are provided for guidance purposes only. The additional
nine soil samples were comprised of three from each texture and had analyte concentrations
ranging from near the lower limit of detection for the FPXRF analyzer to thousands of mg/kg.
The FPXRF analyzer only collected replicate measurements from three of the preparation
methods; no measurements were collected from the in situ homogenized samples. The FPXRF
analyzer conducted five replicate measurements of the in situ field samples by taking
measurements at five different points within the 4-inch by 4-inch sample square. Ten replicate
measurements were collected for both the intrusive undried and unground and intrusive dried
and ground samples contained in cups. The cups were shaken between each replicate
measurement.
Table 5 shows that the precision dramatically improved from the in situ to the intrusive
measurements. In general there was a slight improvement in precision when the sample was
dried and ground. Two factors caused the precision for the in situ measurements to be poorer.
The major factor is soil heterogeneity. By moving the probe within the 4-inch by 4-inch square,
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measurements of different soil samples were actually taking place within the square. Table 5
illustrates the dominant effect of soil heterogeneity. It overwhelmed instrument precision when
the FPXRF analyzer was used in this mode. The second factor that caused the RSD values to
be higher for the in situ measurements is the fact that only five instead of ten replicates were
taken. A lesser number of measurements caused the standard deviation to be larger which in
turn elevated the RSD values.
13.6 Accuracy measurements -- Five of the FPXRF instruments (not including the MAP
Spectrum Analyzer) analyzed 18 SRMs using the source count times and calibration methods
given at the beginning of this section. The 18 SRMs included 9 soil SRMs, 4 stream or river
sediment SRMs, 2 sludge SRMs, and 3 ash SRMs. Each of the SRMs contained known
concentrations of certain target analytes. A percent recovery was calculated for each analyte in
each SRM for each FPXRF instrument. Table 6 presents a summary of this data. With the
exception of cadmium, chromium, and nickel, the values presented in Table 6 were generated
from the 13 soil and sediment SRMs only. The 2 sludge and 3 ash SRMs were included for
cadmium, chromium, and nickel because of the low or nondetectable concentrations of these
three analytes in the soil and sediment SRMs.
Only 12 analytes are presented in Table 6. These are the analytes that are of
environmental concern and provided a significant number of detections in the SRMs for an
accuracy assessment. No data is presented for the X-MET 920 with the gas-filled proportional
detector. This FPXRF instrument was calibrated empirically using site-specific soil samples.
The percent recovery values from this instrument were very sporadic and the data did not lend
itself to presentation in Table 6.
Table 7 provides a more detailed summary of accuracy data for one particular FPXRF
instrument (TN 9000) for the 9 soil SRMs and 4 sediment SRMs. These data are provided for
guidance purposes only. Table 7 shows the certified value, measured value, and percent
recovery for five analytes. These analytes were chosen because they are of environmental
concern and were most prevalently certified for in the SRM and detected by the FPXRF
instrument. The first nine SRMs are soil and the last 4 SRMs are sediment. Percent recoveries
for the four NIST SRMs were often between 90 and 110 percent for all analytes.
13.7 Comparability -- Comparability refers to the confidence with which one data set can
be compared to another. In this case, FPXRF data generated from a large study of six FPXRF
instruments was compared to SW-846 Methods 3050 and 6010 which are the standard soil
extraction for metals and analysis by inductively coupled plasma. An evaluation of
comparability was conducted by using linear regression analysis. Three factors were
determined using the linear regression. These factors were the y-intercept, the slope of the line,
and the coefficient of determination (r2).
As part of the comparability assessment, the effects of soil type and preparation methods
were studied. Three soil types (textures) and four preparation methods were examined during
the study. The preparation methods evaluated the cumulative effect of particle size, moisture,
and homogenization on comparability. Due to the large volume of data produced during this
study, linear regression data for six analytes from only one FPXRF instrument is presented in
Table 8. Similar trends in the data were seen for all instruments. These data are provided for
guidance purposes only.
Table 8 shows the regression parameters for the whole data set, broken out by soil type,
and by preparation method. These data are provided for guidance purposes only. The soil
types are as follows: soil 1--sand; soil 2--loam; and soil 3--silty clay. The preparation methods
are as follows: preparation 1--in situ in the field; preparation 2--intrusive, sample collected and
homogenized; preparation 3--intrusive, with sample in a sample cup but sample still wet and not
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ground; and preparation 4–intrusive, with sample dried, ground, passed through a 40-mesh
sieve, and placed in sample cup.
For arsenic, copper, lead, and zinc, the comparability to the confirmatory laboratory was
excellent with r2 values ranging from 0.80 to 0.99 for all six FPXRF instruments. The slopes of
the regression lines for arsenic, copper, lead, and zinc, were generally between 0.90 and 1.00
indicating the data would need to be corrected very little or not at all to match the confirmatory
laboratory data. The r2 values and slopes of the regression lines for barium and chromium were
not as good as for the other for analytes, indicating the data would have to be corrected to
match the confirmatory laboratory.
Table 8 demonstrates that there was little effect of soil type on the regression parameters
for any of the six analytes. The only exceptions were for barium in soil 1 and copper in soil 3.
In both of these cases, however, it is actually a concentration effect and not a soil effect causing
the poorer comparability. All barium and copper concentrations in soil 1 and 3, respectively,
were less than 350 mg/kg.
Table 8 shows there was a preparation effect on the regression parameters for all six
analytes. With the exception of chromium, the regression parameters were primarily improved
going from preparation 1 to preparation 2. In this step, the sample was removed from the soil
surface, all large debris was removed, and the sample was thoroughly homogenized. The
additional two preparation methods did little to improve the regression parameters. This data
indicates that homogenization is the most critical factor when comparing the results. It is
essential that the sample sent to the confirmatory laboratory match the FPXRF sample as
closely as possible.
Sec. 11.0 of this method discusses the time necessary for each of the sample preparation
techniques. Based on the data quality objectives for the project, an analyst must decide if it is
worth the extra time necessary to dry and grind the sample for small improvements in
comparability. Homogenization requires 3 to 5 min. Drying the sample requires one to two
hours. Grinding and sieving requires another 10 to 15 min per sample. Lastly, when grinding
and sieving is conducted, time has to be allotted to decontaminate the mortars, pestles, and
sieves. Drying and grinding the samples and decontamination procedures will often dictate that
an extra person be on site so that the analyst can keep up with the sample collection crew. The
cost of requiring an extra person on site to prepare samples must be balanced with the gain in
data quality and sample throughput.
13.8 The following documents may provide additional guidance and insight on this
method and technique:
13.8.1 A. D. Hewitt, "Screening for Metals by X-ray Fluorescence
Spectrometry/Response Factor/Compton K Peak Normalization Analysis," American
Environmental Laboratory, pp 24-32, 1994.
13.8.2 S. Piorek and J. R. Pasmore, "Standardless, In Situ Analysis of Metallic
Contaminants in the Natural Environment With a PC-Based, High Resolution Portable XRay Analyzer," Third International Symposium on Field Screening Methods for Hazardous
Waste and Toxic Chemicals, Las Vegas, Nevada, February 24-26, 1993, Vol 2, pp 11351151, 1993.
13.8.3 S. Shefsky, "Sample Handling Strategies for Accurate Lead-in-soil
Measurements in the Field and Laboratory," International Symposium of Field Screening
Methods for Hazardous Waste and Toxic Chemicals, Las Vegas, NV, January 29-31,
1997.
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14.0 POLLUTION PREVENTION
14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity and/or toxicity of waste at the point of generation. Numerous opportunities for pollution
prevention exist in laboratory operation. The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice. Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation. When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.
14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
Reduction available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th St., N.W. Washington, D.C. 20036, http://www.acs.org.
15.0 WASTE MANAGEMENT
The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations. The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions. For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.
16.0 REFERENCES
1.

Metorex, X-MET 920 User's Manual.

2.

Spectrace Instruments, "Energy Dispersive X-ray Fluorescence Spectrometry: An
Introduction," 1994.

3.

TN Spectrace, Spectrace 9000 Field Portable/Benchtop XRF Training and Applications
Manual.

4.

Unpublished SITE data, received from PRC Environment Management, Inc.

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
The following pages contain the tables referenced by this method. A flow diagram of the
procedure follows the tables.
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TABLE 1
EXAMPLE INTERFERENCE FREE LOWER LIMITS OF DETECTION
Analyte

Chemical
Abstract
Series Number

Lower Limit of Detection
in Quartz Sand
(milligrams per kilogram)

Antimony (Sb)

7440-36-0

40

Arsenic (As)

7440-38-0

40

Barium (Ba)

7440-39-3

20

Cadmium (Cd)

7440-43-9

100

Calcium (Ca)

7440-70-2

70

Chromium (Cr)

7440-47-3

150

Cobalt (Co)

7440-48-4

60

Copper (Cu)

7440-50-8

50

Iron (Fe)

7439-89-6

60

Lead (Pb)

7439-92-1

20

Manganese (Mn)

7439-96-5

70

Mercury (Hg)

7439-97-6

30

Molybdenum (Mo)

7439-93-7

10

Nickel (Ni)

7440-02-0

50

Potassium (K)

7440-09-7

200

Rubidium (Rb)

7440-17-7

10

Selenium (Se)

7782-49-2

40

Silver (Ag)

7440-22-4

70

Strontium (Sr)

7440-24-6

10

Thallium (Tl)

7440-28-0

20

Thorium (Th)

7440-29-1

10

Tin (Sn)

7440-31-5

60

Titanium (Ti)

7440-32-6

50

Vanadium (V)

7440-62-2

50

Zinc (Zn)

7440-66-6

50

Zirconium (Zr)

7440-67-7

10

Source: Refs. 1, 2, and 3
These data are provided for guidance purposes only.
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TABLE 2
SUMMARY OF RADIOISOTOPE SOURCE CHARACTERISTICS
Source

Activity
(mCi)

Half-Life
(Years)

Excitation Energy
(keV)

Fe-55

20-50

2.7

5.9

Cd-109

5-30

1.3

Am-241

5-30

Cm-244

60-100

432

Elemental Analysis Range
Sulfur to Chromium
Molybdenum to Barium

K Lines
L Lines

22.1 and 87.9

Calcium to Rhodium
Tantalum to Lead
Barium to Uranium

K Lines
K Lines
L Lines

26.4 and 59.6

Copper to Thulium
Tungsten to Uranium

K Lines
L Lines

14.2

Titanium to Selenium
Lanthanum to Lead

K Lines
L Lines

17.8

Source: Refs. 1, 2, and 3

TABLE 3
SUMMARY OF X-RAY TUBE SOURCE CHARACTERISTICS
Anode
Material

Recommended
Voltage Range
(kV)

Cu

18-22

Mo

40-50

Ag

50-65

Elemental Analysis Range

K-alpha
Emission
(keV)
8.04

Potassium to Cobalt
Silver to Gadolinium

K Lines
L Lines

17.4

Cobalt to Yttrium
Europium to Radon

K Lines
L Lines

22.1

Zinc to Technicium
Ytterbium to Neptunium

K Lines
L Lines

Source: Ref. 4
Notes: The sample elements excited are chosen by taking as the lower limit the same ratio of
excitation line energy to element absorption edge as in Table 2 (approximately 0.45) and the
requirement that the excitation line energy be above the element absorption edge as the upper
limit (L2 edges used for L lines). K-beta excitation lines were ignored.
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TABLE 4
EXAMPLE PRECISION VALUES
Average Relative Standard Deviation for Each Instrument
at 5 to 10 Times the Lower Limit of Detection

Analyte
TN
9000

TN Lead
Analyzer

X-MET 920
(SiLi
Detector)

X-MET 920
(Gas-Filled
Detector)

XL
Spectrum
Analyzer

MAP
Spectrum
Analyzer

Antimony

6.54

NR

NR

NR

NR

NR

Arsenic

5.33

4.11

3.23

1.91

12.47

6.68

Barium

4.02

NR

3.31

5.91

NR

NR

a

NR

a

NR

NR

NR

2.16

NR

NR

NR

NR

NR

Chromium

22.25

25.78

22.72

3.91

30.25

NR

Cobalt

33.90

NR

NR

NR

NR

NR

Copper

7.03

9.11

8.49

9.12

12.77

14.86

Iron

1.78

1.67

1.55

NR

2.30

NR

Lead

6.45

5.93

5.05

7.56

6.97

12.16

Manganese

27.04

24.75

NR

NR

NR

NR

Molybdenum

6.95

Cadmium
Calcium

Nickel
Potassium

29.84

24.80

NR

NR

NR

12.60

NR

a

NR

a

a

NA

NR

3.90

NR

NR

NR

NR

a

NR

30.85

24.92

NR

20.92

Rubidium

13.06

NR

NR

NR

Strontium

4.28

NR

NR

NR

8.86

NR

a

NR

NR

NR

NR

NR

Titanium

4.87

NR

NR

NR

NR

NR

Zinc

7.27

7.48

4.26

2.28

10.95

0.83

Zirconium

3.58

NR

NR

NR

6.49

NR

Tin

24.32

32.69

These data are provided for guidance purposes only.
Source: Ref. 4
a
These values are biased high because the concentration of these analytes in the soil
samples was near the lower limit of detection for that particular FPXRF instrument.
NR Not reported.
NA Not applicable; analyte was reported but was below the established lower limit detection.
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TABLE 5
EXAMPLES OF PRECISION AS AFFECTED BY SAMPLE PREPARATION
Average Relative Standard Deviation for Each Preparation Method

Analyte

In Situ-Field

IntrusiveUndried and Unground

IntrusiveDried and Ground

Antimony

30.1

15.0

14.4

Arsenic

22.5

5.36

3.76

17.3

3.38

2.90

Barium
Cadmium

a

41.2

30.8

Calcium

17.5

Chromium

17.6

28.5

21.9

Cobalt

28.4

31.1

28.4

Copper

26.4

10.2

Iron

10.3

1.67

1.57

Lead

25.1

8.55

6.03

Manganese

40.5

12.3

13.0

Mercury

ND

ND

ND

Molybdenum

21.6

20.1

19.2

a

29.8

20.4

18.2

Nickel

1.68

28.3

7.90

Potassium

18.6

Rubidium

29.8

16.2

18.9

Selenium

ND

20.2

19.5

31.9

31.0

29.2

Silver

a

3.04

1.24

3.38

2.57

Strontium

15.2

Thallium

39.0

16.0

19.5

Thorium

NR

NR

NR

Tin

ND

14.1

15.3

Titanium

13.3

4.15

3.74

Vanadium

NR

NR

NR

Zinc

26.6

13.3

11.1

Zirconium

20.2

5.63

3.98

5.18

These data are provided for guidance purposes only.
Source: Ref. 4
a
These values may be biased high because the concentration of these analytes in the soil
samples was near the lower limit of detection.
ND Not detected.
NR Not reported.
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5

9

2

2

8

6

11

4

3

8

As

Ba

Cd

Cr

Cu

Fe

Pb

Mn

Ni

Sr

110-178

99-122

81-104

66-138

78-155

61-140

99-178

99-129

98-198

68-115

100-149

Range
of
% Rec.

132.6

109.8

93.1

98.9

103.7

95.0

138.4

114.3

135.3

92.8

124.3

Mean
% Rec.

23.8

12.0

9.70

19.2

26.1

28.8

NA

NA

36.9

17.3

NA

SD

--

--

3

11

6

6

--

--

--

5

--

n

--

--

92-152

68-131

89-159

38-107

--

--

--

44-105

--

Range
of
% Rec.

--

--

113.1

97.4

102.3

79.1

--

--

--

83.4

--

Mean
%
Rec.

TN Lead Analyzer

--

--

33.8

18.4

28.6

27.0

--

--

--

23.2

--

SD

--

--

--

12

6

11

7

6

9

4

--

n

--

--

--

23-94

48-94

10-210

22-273

81-202

18-848

9.7-91

--

Range
of
% Rec.

--

--

--

72.7

80.4

111.8

143.1

110.5

168.2

47.7

--

Mean
%
Rec

--

--

--

20.9

16.2

72.1

93.8

45.7

262

39.7

--

SD

X-MET 920 (SiLi Detector)

7

3

--

13

6

8

3

--

--

5

--

n

86-209

57-123

--

80-234

26-187

95-480

98-625

--

--

38-535

--

Range
of
% Rec.

125.1

87.5

--

107.3

108.6

203.0

279.2

--

--

189.8

--

Mean
%
Rec.

147

300

--

--

206

--

SD

39.5

33.5

--

39.9

52.9

XL Spectrum Analyzer

6200 - 29
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Zn
11
41-130
94.3
24.0
10
81-133
100.0 19.7
12 46-181 106.6 34.7
11
31-199
94.6 42.5
Source: Ref. 4. These data are provided for guidance purposes only.
n:
Number of samples that contained a certified value for the analyte and produced a detectable concentration from the FPXRF instrument.
SD:
Standard deviation; NA: Not applicable; only two data points, therefore, a SD was not calculated.
%Rec.: Percent recovery.
-No data.

2

n

Sb

Analyte

TN 9000

Instrument

EXAMPLE ACCURACY VALUES

TABLE 6

105

626

17.7

23.4

211

NIST 2711

NIST 2710

NIST 2709

NIST 2704

CNRC PACS-1

--

--

143

ND

ND

722

104

294

ND

--

--

429

ND

--

--

67.7

NA

NA

115.4

99.3

88.9

NA

--

--

92.5

NA

410

335

--

414

968

707

726

1300

2240

--

--

22.3

586

Meas. %Rec. Cert.
Conc.
Conc.

Arsenic

527

466

772

443

950

782

801

2581

2946

--

--

ND

1135

Meas.
Conc.

Barium

128.5

139.1

NA

107.0

98.1

110.6

110.3

198.5

131.5

--

--

NA

193.5

%Rec.

a

219

268

452

98.6

34.6

2950

114

66.0

76.0

32.6

131

753

4792

Cert.
Conc.

6200 - 30

Source: Ref. 4. These data are provided for guidance purposes only.
All concentrations in milligrams per kilogram.
%Rec.: Percent recovery; ND: Not detected; NA: Not applicable.
-No data.

--

330

USGS GXR-6

SARM-52

25.0

USGS GXR-2

--

--

BCR CRM 141

SARM-51

--

397

RTC CRM-020

BCR CRM 143R

24.8

Cert.
Conc.

RTC CRM-021

Standard
Reference
Material

193

373

302

105

ND

2834

ND

ND

106

ND

105

583

2908

Meas.
Conc.

Copper
Cert.
Conc.

Meas.
Conc.

Lead

88.1

139.2

66.9

106.2

NA

96.1

NA

NA

140.2

NA

80.5

77.4

1200

5200

404

161

18.9

5532

1162

101

690

29.4

180

5195

1107

7199

332

167

ND

5420

1172

80.9

742

ND

206

3444

60.7 144742 149947

%Rec.

EXAMPLE ACCURACY FOR TN 9000a

TABLE 7

92.2

138.4

82.3

103.5

NA

98.0

100.9

80.1

107.6

NA

114.8

66.3

103.6

%Rec.

215

2676

611

427

98.5

6476

333

ND

596

ND

1043

3916

224

81.4

121.6

74.2

97.4

93.0

93.2

94.9

NA

112.4

NA

99.0

129.6

40.9
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264

2200

824

438

106

6952

350

118

530

81.3

1055

3022

546

Cert. Meas. %Rec.
Conc. Conc.

Zinc

207

208

204

205

n

Prep 1

Prep 2

Prep 3

Prep 4

451

397

305

298

302

300

Soil 2

Soil 3

Prep 1

Prep 2

Prep 3

Prep 4

0.96

0.98

0.97

0.80

0.90

0.93

0.94

0.92

r

0.96

0.97

0.87

—

0.94

Lead

1.38

1.26

1.41

2.88

2.40

1.62

1.41

1.66

Int.

1.45

1.20

1.38

2.69

—

1.51

1.41

1.62

Int.

1.00

0.99

0.96

0.86

0.90

0.97

0.96

0.95

Slope

0.98

0.99

0.95

0.85

—

0.96

0.95

0.94

Slope

271

274

272

286

351

423

329

1103

n

313

315

315

312

400

462

393

1255

n

0.94

0.93

0.95

0.79

0.90

0.85

0.93

0.89

r

2

0.81

0.78

0.67

0.64

0.85

0.56

0.05

0.71

r2

Zinc

Int.

1.41

1.32

1.86

3.16

1.70

2.57

1.78

1.86

Int.

58.9

64.6

64.6

53.7

44.7

30.2

42.6

60.3

Barium

6200 - 31

Source: Ref. 4. These data are provided for guidance purposes only.
1
Log-transformed data
n: Number of data points; r2: Coefficient of determination; Int.: Y-intercept
—
No applicable data

357

Soil 1

1205

2

—

Soil 3

All Data

0.96

453

Soil 2

0.96

368

Soil 1

0.94

824

r2

All Data

n

Arsenic

1.01

1.00

0.93

0.87

0.98

0.90

0.93

0.95

Slope

0.55

0.53

0.52

0.55

0.59

0.66

0.11

0.54

Slope

49

49

77

105

186

—

—

280

n

246

236

246

256

136

463

385

984

n

EXAMPLE REGRESSION PARAMETERS FOR COMPARABILITY1

TABLE 8

1.99

1.45

2.04

3.89

16.60

2.09

1.26

2.19

Int.

0.75

0.73

0.51

0.80

0.66

—

—

0.70

r2

0.56

0.45

0.36

0.43

0.50

—

—

0.42

Slope

0.96

0.99

0.93

0.87

0.57

0.95

0.99

0.93

Slope
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31.6

53.7

81.3

66.1

38.9

—

—

64.6

Int.

Chromium

0.96

0.97

0.96

0.87

0.46

0.92

0.94

0.93

r2

Copper

METHOD 6200
FIELD PORTABLE X-RAY FLUORESCENCE SPECTROMETRY FOR THE
DETERMINATION OF ELEMENTAL CONCENTRATIONS IN SOIL AND SEDIMENT
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1

Scope and Application
1.1

1.2

1.3
2

Summary of Method
2.1

2.2

2.3
3

Samples are serially extracted with a solvent employing one of the following organic extraction and sample
prep methods:
2.1.1
EPA 3510C - Separatory Funnel (Aqueous)
2.1.2
EPA 3550B - Ultrasonication (Soil/Solid)
2.1.3
EPA 3540C - Soxhlet (Soil/Solid)
2.1.4
EPA 3545A - Pressurized Fluid Extraction (Soil/Solid)
2.1.5
EPA 3580A ` NAPL (Waste Dilution)
The sample extract is analyzed by injecting the extract into a gas chromatograph (GC) fitted with a narrowbore fused-silica capillary column. The GC is temperature programmed to separate the analytes based on
boiling point, followed by Mass Spec Detection (MSD) in Full-Scan mode (SCAN) or by Selected Ion
Monitoring mode (SIM).
Sample result quantitation is accomplished by comparing the detected components response, in area
counts, to that of a multipoint calibration.

Sample Preservation, Containers and Storage
3.1
3.2
3.3

3.4
4

This Standard Operating Procedure (SOP) covers the steps required to perform the analysis of SemiVolatile Organic Compounds (SVOCTs) extracted from aqueous and solid samples. This is a summary
SOP for internal use by EAI. The procedures outlined in EPA Method 8270D and EPA Method 625 are
followed with the addition of laboratory specific procedures as described below.
This method is restricted to use by or under the supervision of analysts experienced in the use of Gas
Chromatograph/Mass Spectrometer (GC/MS). Each analyst or analyst group work cell must demonstrate
the ability to generate acceptable results with this method by performing an Initial Demonstration of
Capability (IDC).
All applicable definitions can be found in the EAI QA Manual.

Once logged into EAITs database, samples are stored in the appropriate refrigerator at 4 2 C.
Sample container/preservation:
3.2.1
Aqueous: unpreserved, 1Liter amber glass container.
3.2.2
Solid/soil: unpreserved, amber glass container.
Hold times:
3.3.1
Aqueous samples are extracted within 7 days of sampling.
3.3.2
Solid samples are extracted within 14 days of sampling.
3.3.3
Waste dilutions and prepared sample extracts are analyzed within 40 days after extraction.
Sample extracts are stored at `15ºC ± 5ºC, protected from the light, in 2ml amber crimp vials with nonpierced PTFE-lined septa.

Health and Safety
4.1
4.2
4.3
4.4

The toxicity of reagents and target analytes used in this method are not precisely defined. Exposure to these
chemicals must be reduced to the lowest possible level. This may be done with the use of personal
protective equipment such as latex or nitrile gloves, safety glasses and lab coats.
Standards must be prepared in a fume hood.
All chemical (i.e. solvent and standards) handling should be performed in a fume hood while using proper
protective equipment to minimize exposure to liquid and vapor. Minimum personal protection includes
the use of laboratory safety glasses, a lab coat or apron and protective gloves.
Analysts can handle pure standard materials (neat compounds) only after they have reviewed the MSDS
sheet(s), undergone proper training and obtained prior permission from the laboratory supervisor/manager.
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4.5
4.6
5

Interferences
5.1
5.2
5.3
5.4
5.5
5.6
5.7

6

The MSDS sheets for all chemicals in-house are kept on file and may be used as a reference to answer
specific questions.
Reference the method for specific compounds known or suspected to be a carcinogen.

All blanks, samples and spikes must be evaluated for interferences. Determine if the source of the
interference is from the sampling, handling and preparation, or from the instrument.
Samples collected in plastic may produce phthalate contamination. Prevent the samples and solvent
extracts from making contact with latex gloves and other plastic surfaces.
Sample extract contamination via carryover may occur whenever high-concentration samples are analyzed.
Whenever an unusually highly concentrated sample is encountered, it should be followed by the analysis
of solvent to check for cross-contamination with no samples analyzed until a clean check has been run.
Each new solvent lot is analyzed for interferences.
Sodium Sulfate is baked-out in a muffle furnace at a temperature of 400 ºC for 4 hours to remove
interferences.
The presence of water in sample extracts may cause interference. The laboratory takes every precaution to
prevent water in the sample extract.
The following analytes may require special treatment when being determined by this method. Please refer
to Method 8270D for more specific information.
5.7.1
Benzidine is subject to oxidative losses during solvent concentration, demonstrates poor
chromatographic behavior, and rapidly degrades in the presence of a highly concentrated
Acid/Base/Neutral calibration mixes.
5.7.2
Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the gas
chromatograph, chemical reaction in an acetone solution, and photochemical decomposition.
5.7.3
N-Nitrosodiphenylamine decomposes in the gas chromatographic inlet and cannot be separated
from diphenylamine in the samples.
5.7.4
Pentachlorophenol, 2,4-Dinitrophenol, 4-Nitrophenol, Benzoic Acid, 4-Chloro-3-methylphenol,
2-Nitroaniline, 3-Nitroaniline, 4-Chloroaniline and Benzyl alcohol are subject to erratic
chromatographic behavior, especially if the GC system is contaminated with high boiling point
material.
5.7.5
1,2-Diphenylhydrazine degrades to Azobenzene in the injection port.

Apparatus and Materials
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14
6.15
6.16

Agilent 5890 or 6890 Gas Chromatograph, 5972 or 5973 MSD, GC PAL or HP 7673 Autosampler,
Agilent EnviroQuant Chemstation G1701, BA or DA.
Restek, 30 meters, 0.25mm ID and 0.25 m df column with 5m guard column.
10 L Autosampler Syringe, Fisher Scientific - Catalog #14-815-25 or L-Mark Syringe for CTC PAL,
#LMK 21064166P
11mm Septa Restek Corporation Thermolite
4mm splitless sleeve HP GC Liner Restek Corporation or equivalent
Gold-Plated Inlet Seal, Restek Corporation or equivalent
Alltech Associates Silanized Quartz Wool or equivalent
F.S. Wool Puller/Inserter Restek Corporation or equivalent
1/16j x .4mm Graphite Ferrules for GC detector
1/16j x 0.4mm Graphite Ferrules for GC Inlet
Viton fluorocarbon O-Rings for Glass Injector Sleeve (HP 5180-4182)
Syringes Restek (Hamilton Gas-Tight): 1ml ,500ul ,250ul ,100ul ,50ul ,25ul ,10ul
2mL amber target Vial 12x32mm
11mm crimp seal, Teflon/NSC Silicone
Gases: Helium, Compressed (Ultra High Purity)
Restek kLeak Detectivej

Confidential & Proprietary
Property of Eastern Analytical, Inc.

QA41500_13_8270D_625
Revision 13
May 25, 2011

Confidential and Proprietary
Eastern Analytical, Inc.

Page 4 of 19
7

Reagents
7.1
7.2
7.3
7.4
7.5
7.6

7.7

Methylene Chloride: Burdick and Jackson B & J Brand High Purity Solvent for HPLC, Gas
Chromatograph, Pesticide Residue Analysis and Spectrophotometry grade or equivalent
Stock standards are purchased as certified solutions and stored at `15 ± 5 º C. Related Certificates of
Analysis are kept on file in the Extractions Laboratory.
Stock Expiration: Purchased stock solutions expire according to the manufacturerTs expiration date.
Standard Expiration: Laboratory prepared solutions expire 6 months from preparation or on the
manufacturerTs expiration date, whichever comes first.
8270/625 tuning mix. Contains DFTPP, DDT, Pentachlorophenol, and Benzidine each at 50 ug/ml in
methylene chloride. Accustandard catalog #M-625-TS-PAK or equivalent.
Internal standard solution: SVOC IS at 2000 ug/ml in methylene chloride. ECS catalog #ECS-N-201 or
equivalent.
7.6.1
No preparation required; 10 ul added directly to 1ml of each calibration standard and sample
extract.
Initial Calibration Standards (ICAL):
7.7.1
Acid Extractables Surrogate Mix at 2000 ug/ml (ECS# ECS-Z-003)
7.7.2
Base / Neutral Surrogate Mix at 1000 ug/ml (ECS# ECS-Z-002)
7.7.3
Calibration Kit for EPA Methods 625/8270 at 2000 ug/ml (ECS# ECS-K-050 / secondary lot
ECS# ECS-K-050SS). These kits contain one vial each of the following mixes:
Base Neutrals Mix 1 (ECS-A-030)
Semi volatile Add-On (ECS-A-031)
PAH Mix (ECS-A-032)
Phenols Mix (ECS-A-006)
Benzidines Mix (ECS-A-007)
7.7.4
7.7.5

Alpha-Terpineol at 2000 ug/ml (ECS-N-TERP).
ABN multi-point calibration. Concentrations and final volumes may change to accommodate
specific project requirements or changes in instrument parameters.

ABN
625
Calibration
PAH
BN Benzidines Phenol
(ug/ml)
Mix Mix #1
Mix
Mix
200
= 100 uL 100 uL
100 uL
100 uL
100
75
50
40
25
10
5
1
0.5
0.2
0.1

7.8

=
=
=
=
=
=
=
=
=
=
=

500 ul
375 ul
250 ul
200 ul
125 ul
50 ul
25 ul
5 ul
2.5 ul
1 ul
0.5 ul

of 200
of 200
of 200
of 200
of 200
of 200
of 200
of 200
of 200
of 200
of 200

ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std
ug/ml std

aAcids
BN
Final
Add on Terpineol Surrogate Surrogate Volume
Mix
Stock
Mix
Mix MeCl2 (ml)
100 uL 100 uL 100 uL 200 uL
1
1
1
1
1
1
1
1
1
1
1
1

Independent Calibration Verifications (ICV):
7.8.1
2nd Source Calibration Kit for EPA Methods 625/8270 at 2000 ug/ml (ECS# ECS-K-050SS).
7.8.2
Method 625 Additions at 2000 ug/ml. Ultra Scientific #US-136-1 or equivalent.
7.8.3
Independent calibration verification standard. Concentrations and final volumes may change to
accommodate specific project requirements or changes in instrument parameters.
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ABN
ICV
(ug/ml)
20

8

625
PAH
BN Benzidines Phenol
Mix Mix #1
Mix
Mix
= 10 uL 10 uL
10 uL
10 uL

Final
Add on 625 Add Volume
Mix
Mix MeCl2 (ml)
10 uL
10 uL
1

Procedure
8.1
8.2
8.3
8.4

Perform daily maintenance prior to instrument analysis. To reduce column damage due to exposure to air,
lower the GC oven and injection port temperatures to 500C. Maintenance can include changing the
septum, inlet liner, and gold seal, clipping the guard column, and filling the rinse vials.
Record all maintenance activities in the GC/MS maintenance log.
GC/MS acquisition conditions:
8.3.1
See ABNSIMSCAN.M on the Chemstation instrument control panel for sample acquisition
parameters.
MS Tuning
8.4.1
A tuning standard containing DFTPP, Pentachlorophenol, and Benzidine at 50 ng/ul is analyzed
at the beginning of the analytical sequence and every 12 hours thereafter. The acceptance criteria
listed in EPA Method 8270 is followed (Table 1). Analysis of standards or sample extracts may
not begin until an acceptable DFTPP tune has been analyzed.
Table 1. DFTPP Tuning Criteria
Mass
51
68
70
127
197
198
199
275
365
441
442
443

8.4.2
8.4.3

Ion Abundance Criteria
30-60% of mass 198
< 2% of mass 69
< 2% of mass 69
40-60% of mass 198
< 1% of mass 198
Base peak, 100% relative abundance
5-9% of mass 198
10-30% of mass 198
> 1% of mass 198
Present but less than mass 443
> 50% of mass 198
17-23% of mass 442

DDT breakdown is evaluated by comparing the total combined response of DDD and DDE to
the total combined response of DDT, DDD, and DDE. DDT breakdown must be 20%.
Use the EnviroQuant software to determine the tailing factors for Pentachlorophenol and
Benzidine.
8.4.3.1
For 8270D analysis the tailing of Pentachlorophenol and Benzidine should be 2 or
less.
8.4.3.2
For 625 analysis the tailing of Pentachlorophenol must be < 5 and tailing of
Benzidine must be < 3.
8.4.3.3
The tailing factor is determined using the following formula:
Tailing Factor = BC / AB
Where:
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B = the point on the peak axis at 10% the total peak height
A = the intercept point perpendicular to B on the leading peak edge
C = the intercept point perpendicular to B on the trailing peak edge
BC =the distance between points B and C in mm
AB =the distance between points A and B in mm
8.5

Calibration
8.5.1
An initial calibration of the instrument must be performed before analyzing samples if a
calibration has not been established, or if the previous calibration is deemed invalid.
8.5.2
SCAN mode acquisition must include all ions from 35 to 500amu.
8.5.3
SIM mode acquisition must include the primary ion and at least one secondary ion for each
analyte of interest within each SIM window. Multiple analytes may be analyzed within each
window.
8.5.4
Analyze a multi-point calibration to include the concentration range necessary for meeting
project detection limit requirements.
8.5.5
Calculate the Response Factor (RF) for each individual analyte in order to determine the Relative
Standard Deviation (RSD).
8.5.6
Calculate the average of the response factors (AvgRF) for each individual analyte.
8.5.7
Calculations;
8.5.7.1

Response Factor (RF) calculation:
RF = As * Cis / Ais * Cs
Where:
As = Analyte response
Ais = Internal Standard response
Cs = Analyte concentration
Cis = Internal Standard concentration

8.5.7.2

Standard Deviation (SD) calculation:
n

( RFi
SD =

RF ) 2

i 1

n 1

Where:
RFi = Response factor for each of the calibration standards

RF = ICAL Average Response Factor for each Analyte
n = the number of calibration standards in the initial calibration
8.5.7.3

Relative Standard Deviation (RSD) calculation:
RSD = ( SD

RF

) x100

Where:
RSD = Relative Standard Deviation
SD = Standard Deviation of the individual RFs

RF = Average Response Factor
8.5.8

Calibration Evaluation
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8.5.8.1

8.6

If the percent relative standard deviation (%RSD) of the response factor is less than
20%, linearity through the origin may be assumed and the average response factor
may be used instead of a calibration curve.
8.5.8.2
Alternatively, a linear or quadratic calibration curve may be used if the %RSD
criteria is not satisfied.
8.5.8.2.1 Linear Regression: To use linear regression, the calibration must
include a minimum of 5 calibration points. The regression coefficient
kr2j must be 0.990 (krj 0.995).
8.5.8.2.2 Quadratic Regression: To use quadratic regression, the calibration must
include a minimum of 6 calibration points. The regression coefficient
kr2j must be 0.990 (krj 0.995).
8.5.8.2.3 When a curve is established using linear or quadratic regression,
requantitate the calibration standard for each analyte at the reporting
limit to determine a valid calibration. The recalculation should be
within 30% of the true standard concentration. If not, the reporting
limit must be raised to the value of the next calibration point that
exhibits acceptable recoveries.
8.5.8.3
Calculate the response factor for each analyte and compare to the method
recommended minimum response factors presented in Appendix C.
8.5.8.4
If 10% of compounds exceed the calibration fit or response factor criteria,
recalibration is not necessary as long as %RSD is <40% or krj >0.98 for the
compound in question. Note exceedances in the laboratory narrative.
Independent Calibration Verification (ICV)
8.6.1
An ICV is analyzed after each calibration at a midpoint concentration. The %Drift of all target
analytes must be <30%, except for potentially difficult analytes which must be <60%. Difficult
analytes include Benzidine, 4-Chloroaniline, 4-Nitrophenol, Phenol, 2,4-Dinitrophenol, and
Pentachlorophenol. If 10% of compounds exceed the %drift criteria, recalibration is not
necessary. Note exceedances in the laboratory narrative.
%Drift = Calculated conc - Theoretical conc * 100
Theoretical concentration

8.7

Calibration verification (CV):
8.7.1
A CV is performed daily before each analytical batch with a midpoint concentration of the
calibration curve. The CV is analyzed at the beginning of the analytical sequence, every 20
samples, or every 12 hours, whichever comes first. The acceptance limit for %drift or
%difference is 20%. If 20% of the compounds exceed the %drift or %difference, recalibration
is not necessary as long as the %drift or %difference 40% for the compound in question. Note
exceedances in the laboratory narrative.
Percent Difference (%Diff) = ((CCV Rf - ICAL Avg Rf)/ICAL Avg RF)*100
Percent Drift (%Drift) = Calculated conc - Theoretical conc * 100
Theoretical concentration

8.7.2
8.7.3

If any target analyte deviates below the allowable % deviation/drift, analyze a standard at the
reporting limit to confirm detectability. Target analytes detected within the sample requires reanalysis with acceptable calibration verification.
The internal standard response in the CV must be within 50% to 200% of the internal standard
response from the initial calibration.
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8.8

8.9

Quality Control Samples
8.8.1
The following QC samples are analyzed at a frequency of once per extraction batch (daily) or
every twenty (20) samples:
8.8.1.1
Method Blank.
8.8.1.2
Laboratory Control Sample, Laboratory Control Sample Duplicate.
8.8.1.3
Matrix Spike, Matrix Spike Duplicate as requested by project/client.
8.8.2
Method blanks, laboratory control samples, matrix spikes, or duplicate samples are subjected to
exactly the same analytical procedure as employed on field samples.
Data Reduction
8.9.1
Using the QA Check report in EnviroQuant, evaluate each sampleTs injection time and internal
standard response.
8.9.1.1
All QC and field samples must be analyzed within 12 hours after the DFTPP tune.
Any analysis occurring after the 12 hour window must be reanalyzed.
8.9.1.2
The internal standard response in each QC and field sample must be within 50% to
200% of the internal standard response from the daily CV. The internal standard
retention time in each QC and field sample must be within 0.5 minutes of the
internal standard response from the daily CV. Any sample with an internal standard
failure must be reanalyzed. If reanalysis confirms the failure, re-extraction and reanalysis may be necessary if other causes, such as matrix interference, are not
evident.
8.9.2
Generate a quantitation report for each sample.
8.9.2.1
The area response for all targets is quantitated against the calibration curve.
8.9.2.2
Evaluate the spectrum of any hit against the spectrum of the calibration standard.
The spectra should agree within 80%. Spectra below 80% agreement require
additional investigation to confirm or reject the hit. Evaluations of baseline noise,
sample matrix, and compound coelutions may be employed, but it is ultimately the
judgment of an experienced analyst to accept or reject a hit.
8.9.2.3
Save any manual integrations in QEdit.
8.9.2.4
Concentrations below the reporting limit are reported as k<RLj. Concentrations
above the highest calibration are diluted and reanalyzed.
8.9.2.5
Print the quantitation report. After inspecting the quantitation report, the analyst
must date and initial the report. Once all reports are inspected by the analyst, the
data is transferred into FileMaker.
8.9.3
Aqueous samples are reported in ug/L as aqueous total (AqTot).

Concentration

ug
L

As C is D Vi
Ais RF V s

Where:
As = Area of the peak for the Analyte in the sample
Ais = Area of the peak for the internal standard
Cis = Concentration of the Internal Standard (ug/L)
D = Dilution factor
Vi = Final volume of sample extract (mL)
RF = Mean response factor from the initial calibration
Vs = Volume of the aqueous sample extracted (L)
8.9.4

Soil samples are reported in mg/kg on a dry weight basis (SolTotDry). Solid samples that are not
amenable to oven drying are reported as solid as received (SolAsRec).
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Concentration

mg
kg

As C is D Vi
Ais RF W s

Where:
As = Area of the peak for the Analyte in the sample
Ais = Area of the peak for the internal standard
Cis = Concentration of the Internal Standard (ug/L)
D = Dilution factor
Vi = Final volume of sample extract (mL)
RF = Mean response factor from the initial calibration
Ws = Weight of sample extracted (g). Either a dry weight or wet weight
may be used, depending upon the specific application of the data.
8.10

8.11

Reporting Tentatively Identified Compounds (TIC)
8.10.1 Using the SCAN mode analyze the samples of interest along with the associated extraction
blank. SIM analysis is inappropriate for tentative identification due to the limited number of ions
monitored.
8.10.2 Set the library search parameters to use the NIST Mass Spectral Library.
8.10.3 Verify the LSC parameters are set as follows:
8.10.3.1 The Mass Spectral Data Base is set to use NIST98.l
8.10.3.2 The RTEINT Parameter File is set to LSCINT.P
8.10.3.3 The Peak Percent of Closest ISTD is 10.00
8.10.3.4 The Maximum # of LSCs to Report is adjusted to accommodate the requested
number of TICs.
8.10.4 Include all non-target compounds which have peak area counts >= 10% the nearest IS.
8.10.5 A tentative identification may be made only if the library match is 85% or better. Spectra which
cannot be determined with the library are identified as "Unknownj.
8.10.6 A relative response factor of 1 relative to the IS is assumed to estimate concentration.
8.10.7 Select the compounds which exhibit the highest estimated concentration.
8.10.8 Omit any compounds which have been determined to be present in the associated extraction
blank.
8.10.9 Using the blank narrative layout in the LIMS, list the tentative compounds and include the
following:
8.10.9.1 The compound identification
8.10.9.2 The retention time of the analyte
8.10.9.3 The estimated value of the compound
Data Entry into Filemaker
8.11.1 Using the kaaaLIMSj macro in EnviroQuant, create a kLIMS.TABj file for all QC and samples
to be reported. Move the kLIMS.TABj file to the klimsj folder of the workstation to be used for
reporting.
8.11.2 MasterPrepLog
8.11.2.1 When samples are prepped, the analyst creates QC records, sets QC pointers, and
assigns QC batch numbers. The analyst should also verify the analyst initials are
correct in the list view and that the prep data has been completed in Ext(list).
8.11.2.2 Once samples have been run, enter dilution, test type (INIT, REX1, etc.), and
instrument ID in all records.
8.11.2.3 Export records to DatLog.
8.11.3 DatLog
8.11.3.1 Select the kopen folderj icon in the menu bar and select kExtractionsj. Select the
kImport LIMS.TABj. This will propagate the sample data.
8.11.3.2 Return to Datlog and select the kGet Ext Inst Dataj button. The data will now
propagate in Datlog.
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8.11.3.3
8.11.3.4

8.11.4

8.11.5

8.11.6
8.11.7

9

Calculate data set, and verify that all calculations make sense.
Review all QC data, write a QC narrative, date, and sign off on data. Document any
deviations in the QC narrative.
8.11.3.5 Export the calculated data by selecting the kExport Found Set to All Warehousej
button.
8.11.3.6 Return to MasterPrepLog and select kreverse POP TOAj. The analysis date and
time will be populated from DatLog.
8.11.3.7 Return to DatLog and begin the QC reporting process by selecting the kTabulate QC
Smartscriptj button.
Report Builder QC
8.11.4.1.1 Using the Navigation Bar, select kLCS/LCSD 76 line w/
limits/DOA/BatchIDj.
8.11.4.1.2 Set the Batch ID.
8.11.4.1.3 If the project is Level B, duplicate the record and replace the Eastern
Analytical ID# with the Batch Number and print a copy for the final
report.
8.11.4.1.4 From the Switchboard, enter sample notes, create a new record, and
enter any QC deviations for the sample batch.
Report Builder New
8.11.5.1.1 Select the Extractions layout from the main navigator.
8.11.5.1.2 Select the ABN Reporting Button from the Extractions navigator.
8.11.5.1.3 Create a new record, enter the Eastern Analytical, Inc ID#, select k6
EXT ABNj from the list, post samples 1-8, and Include Extraction
Surrogate. Note any deviations on the bottom of the report. Print the
report.
8.11.5.1.4 For additional samples, duplicate record, change the key for the next
sample, and print report.
8.11.5.1.5 For Data Enhancement projects, also note QC or sample deviations in
the kSample Notesj interface located on the Switchboard.
Complete an Extractions Data Review Checklist.
Deliver the final Laboratory Report, QC report (if applicable), and raw sample data to the ABN
sample review bin. Deliver the raw instrument data to the ABN QC review bin. All data is
reviewed by the Extractions Manager or designee before submitting reports for client delivery.

Quality Control
9.1

9.2

9.3

9.4
9.5

The objectives of the quality control program are to demonstrate that the analytical results obtained meet
the quality needs of a project, and to provide the documentation necessary to adequately support the results.
There are several components to a quality control program which contribute to the demonstration that a
procedure is in control.
Method Detection Limits (MDL): At method startup, after major procedural or instrument modification
and annually thereafter a method detection limit study must be performed to document a statistical Method
Detection Limit, as described in 40 CFR Pt. 136 App. B. A minimum of seven replicates should be
analyzed and used to calculate a theoretical minimum concentration that can be measured at a 99%
confidence level that the result is greater than zero. The calculated value should be at a factor of three to
five times less than the Reporting Limit.
Initial Demonstration of Capability (IDC): Performed at method startup, after major instrument or
procedural modification, and when there is any change in personnel to document that the analyst is capable
of generating accurate and precise results. Use the IDC to document precision and accuracy of all new
employees. The IDC is a compilation of four LCS samples containing all the compounds to be analyzed.
The average recovery for each analyte is evaluated against LCS acceptance criteria.
Stock Expiration: Purchased stock solutions expire according to the manufacturerTs expiration date.
Method Blank
9.5.1
A blank matrix is prepared with every matrix batch of samples to demonstrate the freedom from
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9.6

background contamination. This sample is subject to all reagents, glassware, and procedures as a
field sample.
9.5.2
Acceptance criteria: < Reporting Limit. The reporting limits for all compounds are presented in
Appendix A.
9.5.3
If Blank values exceed limits, the following procedure is followed.
9.5.3.1
Investigate and document the source of contamination.
9.5.3.2
Initiate and document the steps required to minimize or eliminate the problem.
9.5.3.3
Evaluate the data impact.
9.5.3.3.1 If impacted target analytes are not detected in the field samples, the data
may be reported and the blank contamination and reasons for data
acceptance are documented.
9.5.3.3.2 If the impacted target analytes are detected in the field samples > RL,
and greater than 10x the blank level, the results may be reported
without additional action.
9.5.3.3.3 If the impacted target analytes are detected in the field samples > RL,
but less than 10x blank level, the samples and QC may first be reinjected to determine if the contamination was instrument related. If
the blank still exceeds the limit then the impacted samples should be reextracted and re-analyzed if sample volume permits.
9.5.3.3.4 If sample volumes are not sufficient for re-extraction and/or a clean
blank cannot be achieved then the deviation must be noted on the final
report and the data qualified. Blank contamination must be included in
the QC narrative.
Lab Control Sample (LCS)
9.6.1
The LCS consists of reagent water or a blank matrix spiked with known analyte(s) at a known
concentration. The purpose of the LCS is to monitor the efficiency of sample preparation,
fractionation efficiency, and analytical procedure. The LCS also provides helpful information
necessary to ascertain whether a matrix spike recovery failure is a result of matrix interference or
another procedural problem. In the event that adequate sample volumes are not provided for
matrix spikes a Lab Control Duplicate is prepared. Percent recovery and percent RSD are
calculated and compared to specific acceptance limits.
9.6.2
The formula for % Recovery is as follows:

% Recovery =

SC - UC
x 100
EV

Where:
SC = Concentration in the spiked sample
UC = Concentration in the unspiked sample
EV = Expected value
9.6.3

The formula for RPD is as follows:

Where:
R1 = Results of Sample #1
R2 = Results of Sample #2
9.6.4

The acceptance limit for all spiked compounds is presented in Appendix B. If 10% of the
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9.7

9.8

9.9

9.10
9.11

10

compounds exceed the % recovery criteria, re-extraction is not necessary as long % recovery is
>10% for the compound in question. If the % recovery of a compound exceeds the upper limit
criteria, re-extraction is not necessary as long as the sample was non-detect for the compound in
question. Note exceedances in the laboratory narrative.
Matrix Spike/Matrix Spike Duplicate (MS/MSD)
9.7.1
A matrix spike consists of a field sample spiked with a known concentration of analyte(s). An
MS/MSD is analyzed on a project/client specific basis. The matrix spike is used to demonstrate
that the field sample matrix has no effect on accurate quantitation.
9.7.2
The acceptance limits for all spiked compounds are the same as an LCS (Appendix B).
9.7.3
If the matrix spike exceeds limits, determine procedural control by reviewing results of the
laboratory control sample. If the LCS is in control it may be determined that the procedure is in
control. Unless other supporting data can be found, reanalysis of the customer sample may be
necessary to demonstrate that the problem is reproducible and thus related to the specific sample
matrix.
9.7.4
In the event that the investigation shows the failure is matrix specific, and thus the analytical
results generated could be impacted, deviations are documented in a case narrative.
Surrogates
9.8.1
Surrogates are added to each field and QC sample associated with each batch. Surrogates are
used to monitor the prep procedure used, fractionation efficiency, and to verify matrix
interference/effects.
9.8.2
The acceptance limits for surrogate compounds are presented in Appendix B. If two surrogates
from a class (acid or base/neutral) exceed criteria or any one surrogate is <10%, re-extraction
should be performed, if possible. Re-extraction is not necessary as long % recovery exceeds the
upper limit criteria and the sample was non-detect for the associated compounds. Re-extraction
is also not required if obvious matrix interference is present. Note exceedances in the laboratory
narrative.
Initial Calibration
9.9.1
Initial calibrations are analyzed when a CV to begin an analytical sequence does not meet
acceptance criteria or when major instrument maintenance or repairs are performed (i.e. new
column installation, new injection port).
9.9.2
Initial calibrations consist of at least 5 points for linear regression and at least 6 points for
quadratic regression.
9.9.3
Linear or quadratic regressions (not forced through origin) are accepted if the regression
coefficient kr2j is 0.990 (krj 0.995).
Independent Calibration Verification (ICV)
9.10.1 An ICV is analyzed after each calibration at a midpoint concentration. The %Drift of all target
analytes must be < 30%.
Calibration verification (CV):
9.11.1 A CV is performed daily before each analytical batch with the midpoint concentration of the
calibration curve. The acceptance limit for %Deviation or %Drift is 20%. The CV is analyzed at
the beginning of the analytical sequence, every 20 samples, or every 12 hours, whichever comes
first.
9.11.2 The internal standard response in the CV must be within 50% to 200% of the internal standard
response from the initial calibration.

Corrective Actions
10.1
10.2
10.3
10.4

The corrective actions outlined in the referenced EAI QA/QC Manual are followed.
The multipoint calibration is reanalyzed if the daily CV fails the % deviation or % drift criteria.
Samples are reanalyzed at a dilution if one or more analyte measured concentration exceeds the calibration
range.
Extraction Blank contamination at the Reporting Limit is investigated and rectified. If blank contamination
impacts data quality of related extraction batch samples, the reporting limit may be elevated or the entire
batch re-extracted.
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Safety, Pollution Prevention and Waste Management
11.1
11.2
11.3
11.4
11.5
11.6

12

The safety procedures outlined in the EAI Safety Manual are followed.
When possible, steps are taken to reduce waste generated from the analysis.
The waste generated from the analysis is handled as described in the EAI Lab Safety Manual.
See SOP QA00001 Waste Disposal for specifics on the disposal reagent wastes.
Target vials are place in the appropriate waste drum in the waste room after 40 days.
EAI uses the services of a subcontractor for the transportation and disposal of any wastes deemed to be
hazardous. In addition, EAI uses a subcontractor for the disposal of non-hazardous soil and solid samples.

References
12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8

EPA Method 8270D
EAI Lab Safety Manual Rev 3/18/99
EAI QA/QC Manual 2010
NELAC Standards 2003
TNI Standards 2009
SOP QA00001 Waste Disposal
EAI QA667001_ManualIntegration
EAI QA 665001_DOC
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APPENDIX A
8270D Reporting Limits

Name
Naphthalene
2-Methylnaphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo [a] anthracene
Chrysene
Benzo [b] fluoranthene
Benzo [k] fluoranthene
Benzo [a] pyrene
Indeno [1,2,3-cd] pyrene
Dibenz [a,h] anthracene
Benzo [g,h,i] perylene

Name
N-Nitrosodimethylamine
Pyridine
Phenol
Aniline
bis (2-Chloroethyl) ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis (2-chloroisopropyl) ether
4-Methylphenol
n-Nitroso-di-n-propylamine
Hexachloroethane
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PAH SIM
(Aqueous)
3510C
(ug/L)
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

ABN FULL LIST
(Aqueous)
3510C
(ug/L)
1
5
1
1
1
1
1
1
1
1
1
1
1
1
1

PAH SIM
(Solid)
3540C or 3550C (mg/kg)
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007

ABN FULL LIST
(Solid)
3540C or 3550C (mg/kg)
0.07
0.3
0.07
0.07
0.07
0.07
0.07
0.07
0.3
0.07
0.07
0.07
0.07
0.07
0.07

PAH Scan
(Solid)
3540C or 3550C
(mg/kg)
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
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APPENDIX A
8270D Reporting Limits (cont.)
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic Acid
bis (2-Chloroethoxy) methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
a-Terpineol
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
2,6-Dinitrotoluene
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl-phenylether
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenol
n-Nitrosodiphenylamine
Azobenzene
4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthalate
Fluoranthene
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1
1
1
1
50
1
1
1
1
1
1
1
1
1
5
1
1
1
5
1
1
1
1
1
5
5
1
1
1
1
1
1
5
1
1
1
1
5
1
1
1
5
1

0.07
0.07
0.07
0.07
3
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.3
0.07
0.07
0.07
0.3
0.07
0.07
0.07
0.07
0.07
0.3
0.3
0.07
0.07
0.3
0.07
0.07
0.07
0.3
0.07
0.07
0.07
0.07
0.3
0.07
0.07
0.07
0.3
0.07
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APPENDIX A
8270D Reporting Limits (cont.)
Benzidine (estimated)
Pyrene
Butylbenzylphthalate
bis (2-Ethylhexyl) phthalate
3,3'-Dichlorobenzidine
Benzo [a] anthracene
Chrysene
Di-n-octylphthalate
Benzo [b] fluoranthene
Benzo [k] fluoranthene
Benzo [a] pyrene
Indeno [1,2,3-cd] pyrene
Dibenz [a,h] anthracene
Benzo [g,h,i] perylene
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5
1
1
5
1
1
1
1
1
1
1
1
1
1

0.3
0.07
0.07
0.3
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
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APPENDIX B
ABN Surrogate and Spike Acceptance Limits
Aqueous

Surrogate
2-Fluorophenol
Phenol-d6
Nitrobenzene-d5
2-Fluorobiphenyl (8424)
2,4,6-Tribromophenol
p-Terphenyl-d14
Target Spike List
N-Nitrosodimethylamine
Pyridine
Phenol
Aniline
bis (2-Chloroethyl) ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis (2-chloroisopropyl) ether
4-Methylphenol
n-Nitroso-di-n-propylamine
Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
bis (2-Chloroethoxy) methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
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Solid

Lower
Limit(%)
21
15
35
43
15
33

Upper
Limit(%)
110
94
114
116
110
130

Lower
Limit(%)
30
30
30
30
30
30

Upper
Limit(%)
130
130
130
130
130
130

40
40
15
40
40
30
40
40
40
40
30
40
30
40
40
40
40
30
30
40
30
40
40
15
40
30
40
40
30
30
60

140
140
130
140
140
130
140
140
140
140
130
140
130
140
140
140
140
130
130
140
130
140
140
140
140
130
140
140
130
130
118

40
40
30
40
40
30
40
40
40
40
30
40
30
40
40
40
40
30
30
40
30
40
40
40
40
30
40
40
30
30
40

140
140
130
140
140
130
140
140
140
140
130
140
130
140
140
140
140
130
130
140
130
140
140
140
140
130
140
140
130
130
140
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APPENDIX B
ABN Surrogate and Spike Acceptance Limits (cont.)
2-Nitroaniline
Dimethylphthalate
2,6-Dinitrotoluene
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl-phenylether
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenol
n-Nitrosodiphenylamine
Azobenzene
4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthalate
Fluoranthene
Benzidine
Pyrene
Butylbenzylphthalate
bis (2-Ethylhexyl) phthalate
3,3'-Dichlorobenzidine
Benzo [a] anthracene
Chrysene
Di-n-octylphthalate
Benzo [b] fluoranthene
Benzo [k] fluoranthene
Benzo [a] pyrene
Indeno [1,2,3-cd] pyrene
Dibenz [a,h] anthracene
Benzo [g,h,i] perylene
Benzoic Acid
RPD Limits
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40
40
40
40
40
40
15
15
40
40
40
40
40
40
30
40
40
40
40
30
40
40
40
40
40
15
40
40
40
40
40
40
40
40
40
40
40
40
40
15

140
140
140
140
140
140
130
130
140
140
140
140
140
140
130
140
140
140
140
130
140
140
140
140
140
168
140
140
140
140
140
140
140
140
140
140
140
140
140
140

40
40
40
40
40
40
30
30
40
40
40
40
40
40
30
40
40
40
40
30
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
15

140
140
140
140
140
140
130
130
140
140
140
140
140
140
130
140
140
140
140
130
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140

Aqueous

20

Solid

30
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APPENDIX C
8270D Recommended Response Factors

Compound
N-Nitrosodimethylamine
Pyridine
Phenol
Aniline
bis (2-Chloroethyl) ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis (2-chloroisopropyl) ether
4-Methylphenol
n-Nitroso-di-n-propylamine
Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic Acid
bis (2-Chloroethoxy) methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
a-Terpineol
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
2,6-Dinitrotoluene
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Recommended
RF
0.8
0.7
0.800
0.7
0.6
0.5
0.3
0.2
0.4
0.1
0.2
0.3
0.2
0.7
0.01
0.01
0.2
0.1
0.05
0.2
0.2
0.8
0.01
0.01
0.2

Compound
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl-phenylether
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenol
n-Nitrosodiphenylamine
Azobenzene
4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthalate
Fluoranthene
Benzidine
Pyrene
Butylbenzylphthalate
bis (2-Ethylhexyl) phthalate
3,3'-Dichlorobenzidine
Benzo [a] anthracene
Chrysene
Di-n-octylphthalate
Benzo [b] fluoranthene
Benzo [k] fluoranthene
Benzo [a] pyrene
Indeno [1,2,3-cd] pyrene
Dibenz [a,h] anthracene
Benzo [g,h,i] perylene

Recommended
RF
0.9
0.01
0.9
0.01
0.01
0.8
0.2
0.01
0.4
0.9
0.01
0.01
0.01
0.1
0.1
0.05
0.7
0.7
0.01
0.01
0.6
0.6
0.01
0.01
0.01
0.8
0.7
0.01
0.7
0.7
0.7
0.5
0.4
0.5
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