
AZ HWMA PERMIT PERMIT ATTACHMENT F 

EPA ID NO. AZD 980 814 479 QAPP ADDENDUM 

UNIVERSAL PROPULSION COMPANY DRAFT PERMIT 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT F 

 

QUALITY ASSURANCE PROJECT PLAN ADDENDUM 



AZ HWMA PERMIT PERMIT ATTACHMENT F 

EPA ID NO. AZD 980 814 479 QAPP ADDENDUM 

UNIVERSAL PROPULSION COMPANY DRAFT PERMIT 

 

 

 

 
TABLE OF CONTENTS 

 

 

 

LIST OF EXHIBITS 

 

 

Exhibit H-1  QAPP Addendum, revised September 2020 

 



AZ HWMA PERMIT PERMIT ATTACHMENT F 

EPA ID NO. AZD 980 814 479 QAPP ADDENDUM 

UNIVERSAL PROPULSION COMPANY DRAFT PERMIT 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exhibit F-1  

QAPP Addendum, Revised September 2020 
 



 
Former Universal Propulsion Company, Inc. 
25401 N. Central Avenue  Phoenix, AZ 85085-2837 

 

 
 
 
 
 
 

Quality Assurance 
Project Plan Addendum 
 

Groundwater Monitoring Program 
 
 

September 2020 

 

 

 
 

 Report Prepared By: 

ARCADIS U.S., Inc. 
410 N. 44th Street 
Suite 1000 
Phoenix, AZ 85008-6945 
 
 
 

 

30042640 

 
 

 



 Table of Contents
 

    

 
Universal Propulsion Company, Inc. 
Quality Assurance Project Plan Addendum August 2020 
30042640 

 i 

 

 

1. Introduction 1-1 

2. Program Objectives 2-1 

3. Project Organization and Responsibility 3-1 

4. Data Quality Objectives 4-1 

4.1. DATA QUALITY OBJECTIVES..................................................................................... 4-1 
4.1.1. State the Problem .......................................................................................... 4-1 
4.1.2. Identify the Decision ...................................................................................... 4-1 
4.1.3. Identify the Inputs to the Decision ................................................................. 4-1 
4.1.4. Define the Boundaries of the Study .............................................................. 4-2 
4.1.5. Develop a Decision Rule ............................................................................... 4-2 
4.1.6. Specify Tolerable Limits on Decision Errors ................................................. 4-2 
4.1.7. Optimize the Design for Obtaining Data ........................................................ 4-2 

5. Data Generation and Acquisition 5-1 

5.1. Monitoring Program Network ........................................................................................ 5-1 
5.1.1. UPCO Facility Wells ...................................................................................... 5-1 
5.1.2. Private Wells ................................................................................................. 5-1 

5.2. Field Activities Methods, Handling, and Custody Requirements .................................. 5-1 
5.2.1. Water Level Measurements .......................................................................... 5-1 
5.2.2. Groundwater Sampling .................................................................................. 5-2 

5.2.2.1. UPCO Facility Wells ................................................................. 5-2 
5.2.2.2. Private Wells ............................................................................. 5-2 

5.2.3. Equipment Decontamination ......................................................................... 5-3 
5.3. Sampling Frequency, Constituents, and Analytical Methods ....................................... 5-3 
5.4. Sample Handling and Custody ..................................................................................... 5-4 

5.4.1. Sample Volumes, Containers, and Preservation .......................................... 5-5 
5.5. Quality Control .............................................................................................................. 5-5 

5.5.1. Field QC Samples ......................................................................................... 5-5 
5.5.1.1. Field Duplicates ........................................................................ 5-5 
5.5.1.2. Trip Blanks ................................................................................ 5-5 
5.5.1.3. Field Splits ................................................................................ 5-6 

5.5.2. Laboratory QC Samples ................................................................................ 5-6 

6. Quality Assurance Management 6-1 

6.1. Data Quality Management ............................................................................................ 6-1 
6.1.1. Data Management ......................................................................................... 6-1 
6.1.2. Data Verification and Data Validation ........................................................... 6-1 

6.1.2.1. Laboratory Data Review ........................................................... 6-1 
6.1.2.2. Data Verification ....................................................................... 6-2 
6.1.2.3. Data Reporting ......................................................................... 6-2 

6.2. Assessment and Oversight ........................................................................................... 6-3 
6.2.1. Assessment and Response Actions .............................................................. 6-3 

6.2.1.1. Purpose/Background ................................................................ 6-3 
6.2.1.2. Assessment of Project Activities .............................................. 6-3 



 Table of Contents
 

    

 
Universal Propulsion Company, Inc. 
Quality Assurance Project Plan Addendum August 2020 
30042640 

 ii 

 

6.2.2. Reporting and Resolution of Issues .............................................................. 6-4 
6.2.3. Quality Assurance Reporting To Management ............................................. 6-4 

7. References 7-1 

 
 
 
 

Tables 

Table 1 UPCO Well Information 

Table 2 Private Well Information 

Table 3 Sample Container and Preservation Requirements  
 
 

Figures 

Figure 1 Site Location Map 

Figure 2 Site Facilities Map 

Figure 3 Existing Groundwater Monitor and Private Wells 
 
 

Appendices 

Appendix A Monitor Well Construction Details 

Appendix B EPA Method 6850/6860 Analytical Information 
 
 
 
 



    

 

Universal Propulsion Company, Inc. 
Quality Assurance Project Plan Addendum January 2020 
30042640 

 1-1 

 
 

 

1. Introduction 

This addendum to the 2004 Quality Assurance Project Plan (QAPP) (Hargis + 
Associates, [H+A], 2004) outlines the data quality objectives (DQOs) and the framework 
for collecting data that meets the DQOs for the on-going monitoring program at and near 
the former Universal Propulsion Company, Inc. (UPCO) facility in Phoenix, Arizona.  
This document does not replace the approved QAPP, but rather provides updated 
procedures for meeting DQOs based on changes to the monitoring program since the 
2004 QAPP was originally developed.  This document is an update to the QAPP 
Addendum submitted in January 2016 (ARCADIS, 2016). 

The monitoring program is pursuant to the Arizona Hazardous Waste Management Act 
(AZ HWMA) Permit entered into by UPCO and the Arizona Department of 
Environmental Quality (ADEQ).  The main purpose of the monitoring is to continue to 
assess the groundwater quality at and near the former UPCO facility for constituents of 
concern and to evaluate groundwater flow conditions.   
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2. Program Objectives 

The primary objective of the monitoring program is to monitor the groundwater quality at 
and near the former UPCO facility for constituents of concern (COC) identified during 
the Remedial Investigation (RI) (ARCADIS, 2011b) and the Corrective Measures Study 
(CMS) (ARCADIS, 2015b) and to evaluate groundwater flow conditions in an effort to 
support the Corrective Action (as necessary).  The area for continued monitoring includes 
the former facility, residences along the north and northwest property boundary, and 
approximately 1,000 feet downgradient to the west and south of the site.  
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3. Project Organization and Responsibility 

Responsibilities for the Project Director (i.e, Project Manager), Task Manager, Quality 
Assurance (QA) Manager, and Field Task Managers remain the same as presented in the 
2004 QAPP. 
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4. Data Quality Objectives 

4.1. DATA QUALITY OBJECTIVES 

DQOs are qualitative and quantitative statements that specify the minimum level of data 
quality assurance necessary to support project decisions.  DQOs are initially identified 
during project scoping and are incorporated into the QAPP to provide implementable 
objectives that ensure that the data obtained are of a quality consistent with their intended 
uses. To establish DQOs, the intended use of the data, possible consequences of incorrect 
decisions attributed to inadequate or invalid data, and an acceptable level of uncertainty 
must be considered. The following seven steps are involved with the development of 
DQOs.  

4.1.1. State the Problem 

The primary objective of the groundwater monitoring program is to continue monitoring 
impacts identified during the RI and CMS at and near the facility and to evaluate 
groundwater flow conditions to support the Corrective Actions (as necessary).  The 
investigation area for continued monitoring includes the former facility, residences along 
the north and northwest property boundary, and approximately 1,000 feet downgradient 
to the west and south of the site.  

4.1.2. Identify the Decision 

The monitoring program addresses the following: 

 Monitoring of the groundwater treatment system performance on groundwater 
impacts;  

 Monitoring of groundwater elevations and flow direction; and 

 Inspection of well integrity and site security.   

4.1.3. Identify the Inputs to the Decision 

Information required to address the decisions includes water level measurements, 
groundwater sampling, and analytical data (perchlorate, 1,4-dioxane, and 1,2-
dichloroethene)  The analytical results will be compared to the ADEQ-approved Site 
groundwater cleanup standards for the COCs, as established in the CMI Work Plan 
(Arcadis 2016).    
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4.1.4. Define the Boundaries of the Study 

The area for continued groundwater monitoring includes the former facility, residences 
along the north and northwest property boundary, and approximately 1000 feet 
downgradient to the west and south of the site.  The site location is presented in Figures 1 
and 2.  The UPCO monitoring network is summarized in Table 1 and presented in Figure 
3.  The private well monitoring network is summarized in Table 2 and presented in 
Figure 3. 

4.1.5. Develop a Decision Rule 

The analytical results will be compared to the ADEQ-approved Site groundwater cleanup 
standards for the COCs and assess performance of the groundwater treatment facility.  
Results and recommendations will be provided to ADEQ if expansion or revisions to the 
monitoring plan, as appropriate. 

4.1.6. Specify Tolerable Limits on Decision Errors 

The two decision errors for this project are: deciding that the groundwater is impacted 
when it is really not (Type I error) and deciding that the groundwater is not impacted 
when it really is (Type II error).  The consequence of a Type I decision error will be 
unnecessarily incurred project costs associated with increased monitoring and/or future 
corrective measures.  The consequence for a Type II decision error will be continued 
liability and potential risk to human health and the environment.  Precision and accuracy 
requirements for the data are presented in the 2004 QAPP.  These requirements will be 
adequate for minimizing project decision errors. 

4.1.7. Optimize the Design for Obtaining Data 

Monitoring wells have been located within areas that provide coverage of current and 
potential future groundwater migration pathways for constituents of concern (COCs).   
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5. Data Generation and Acquisition 

Data generation and acquisition will comply with methods and requirements described in 
the applicable sections of the GWTP Performance and Site-Wide Groundwater 
Monitoring Plan (GMP) (ARCADIS, 2020). This section describes the monitoring 
program and discusses the methods to be used for sampling, analysis, data handling, and 
quality control in support of the tasks performed.   

 

5.1. Monitoring Program Network 

5.1.1. UPCO Facility Wells 

UPCO facility wells, currently installed on-site and off-site, are shown on Figure 3 and 
listed in Table 1.  UPCO facility wells incorporated into the monitoring network are 
described in the GMP (ARCADIS, 2020).  Well construction information is provided in 
Appendix A.  

5.1.2. Private Wells 

Private groundwater wells currently available for monitoring are shown on Figure 3 and 
listed in Table 2.  Additional private groundwater wells may also be incorporated into the 
groundwater monitoring program network provided that the owner wants their well 
sampled and grants access.  It should be noted that UPCO’s continued monitoring of non-
UPCO facility wells is contingent upon obtaining access from the respective well owners.    

5.2. Field Activities Methods, Handling, and Custody 
Requirements 

5.2.1. Water Level Measurements 

Depth to water level measurements will be collected using an electric water level 
indicator.  Field personnel will check to see that the instruments are in proper working 
condition prior to use.  Depth to water will be measured and recorded to the nearest 0.01 
foot with respect to the top of the surveyed measurement point. At each location, the 
water level will be measured a minimum of two times to ensure an accurate measurement 
prior to recording it. Depth to water level measurements will be collected from all 
monitoring locations within a 24-hour period, if feasible.  
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5.2.2. Groundwater Sampling 

5.2.2.1. UPCO Facility Wells 

UPCO facility monitoring wells incorporated into the groundwater monitoring program 
will be purged using the existing permanent submersible pump assembly prior to 
collecting samples.  Each monitor well has a dedicated galvanized sample tee that 
attaches to the drop pipe port at the well seal during sampling activities.  The sample tee 
is equipped with a dedicated discharge line for well purging and a dedicated sampling 
port.  Sampling activities consist of the following standard procedures: 

 Purge the water until the volume of riser pipe has been removed and when 
water quality parameters, including pH, specific conductivity, and 
temperature, have stabilized to within 10% of the previous reading. 
 

 Using a flow-through cell equipped with a calibrated water quality meter 
(Aqua Troll or equivalent), approximately every five minutes during purging, 
water quality parameter measurements will be recorded on water sampling 
logs.   

 The well is purged until readings of pH, specific conductance, and 
temperature has stabilized to within 10% of the previous reading using a water 
quality meter.  The water quality meter used to measure pH and specific 
conductance is calibrated daily.  

 Samples are collected following adequate well purging.  During sample 
collection, the flow rate is reduced to minimize aeration of the water.  
Sampling containers are not stored or opened in the presence of vehicle 
exhaust, other fumes, or air born dust in the field.  New disposable latex or 
nitrile gloves are used at each well. 

 Low water producing wells are purged at the slowest flow rates possible.  If 
the well runs dry, purging will be discontinued to allow recharge into the well.  
Samples are collected within 24 hours following purging the well dry.   

 
The volatile organic analysis (VOA) vials utilized for sample collection are filled so that 
water forms a convex meniscus at the top.  The vials are capped so that no air space 
exists.  The sampler turns the vial over and gently taps it to check for bubbles, which 
indicates air space.  If air bubbles are observed in the sample vial, more sample volume is 
added until no air bubbles appear.  If additional sample must be added repeatedly to 
eliminate bubbles, the sample is recollected in a new container.  Sample containers are 
not overfilled to avoid the washing out of preservative, if applicable. 

5.2.2.2. Private Wells 

Private domestic wells along Yearling Road between Central Avenue and 7th Street that 
are incorporated into the groundwater monitoring program are sampled using existing 
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dedicated submersible pumps, when available.  Groundwater samples are collected from 
the closest available port to the well head prior to filtration or treatment systems (i.e. 
reverse osmosis, carbon filters, water softeners). 

Approximately two to three gallons of water are flushed through the sampling port prior 
to collecting samples from the private wells.  Field parameters measurements including 
pH, temperature and specific conductance are collected during private well sampling but 
the data are not used to establish parameter stabilization.  It is assumed that if an owner 
grants access to their well, that the well is being used on a regular basis for domestic 
purposes and that the water in the line is representative of potable water that the owner is 
using. 

Groundwater samples collected from the private wells and submitted for laboratory 
analysis are collected and handled in accordance with the procedures described for the 
UPCO facility wells and in the 2004 QAPP.   

 

5.2.3. Equipment Decontamination 

Decontamination of field equipment is instrument-specific.  Disposable sampling 
equipment (i.e., disposable tubing) does not require decontamination.   

When non-disposable groundwater sampling devices are used (i.e., water level indicator, 
etc), the item(s) are decontaminated prior to each use and at the end of each day.  The 
reusable devices are decontaminated by the following procedure: 

 Rinsed with potable water; 

 Washed with a non-phosphate detergent (Liquinox or equivalent) and water 
solution; 

 Rinsed with potable water; and 

 Rinsed with distilled water. 

5.3. Sampling Frequency, Constituents, and Analytical Methods 

The monitoring program is conducted in accordance with the procedure and methods 
outlined in the GMP (ARCADIS, 2020).  The current sampling and analysis schedule for 
the former UPCO facility wells and private domestic wells is presented in the GMP 
(ARCADIS, 2020).  The constituents and analytical methods are as follows:  

 perchlorate in accordance with USEPA Methods 314 and 6850/6860, 

 1,4-dioxane in accordance with USEPA Method 8260B, 
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 1,1-dichloroethene in accordance with USEPA Method 8260B, and 

With respect to analyzing groundwater samples for perchlorate, USEPA Method 314.0 
will only be requested for wells that consistently have perchlorate detections greater than 
5.0 μg/L.  Otherwise, groundwater samples for perchlorate testing will be analyzed in 
accordance with USEPA Method 6850/6860. Details regarding USEPA Method 314.0 are 
provided in the 2004 QAPP, and details regarding USEPA Method 6850/6860 are 
provided in Appendix B. 

   

5.4. Sample Handling and Custody 

In the field, each sample container is marked with the sample identification number, 
sampling location, date, time of sample collection and the sampler’s initials.  Sample 
containers for chemical analysis are placed in ice-filled sample coolers immediately 
following collection, and kept at 4±2 degrees Celsius prior to, and during, shipment.  
Sample containers are packaged in such a way to avoid breakage during transportation.  
Samples are transported to a state-licensed laboratory daily during the monitoring events 
and sample possession is maintained under proper Chain of Custody (CoC) procedures. 

A description of sample storage and preservation techniques, and laboratory protocol is 
included in the 2004 QAPP.  The following information is recorded in the field for each 
sample:  

 sampler(s) name(s); 

 monitoring well number;  

 types of samples; 

 time and date of sampling; 

 purging data; 

 water level measurement data; and 

 other pertinent observations that occurred during the sampling. 
 
For each groundwater sample submitted to the project laboratory for analysis, an entry is 
recorded on a CoC form supplied by the laboratory.  One CoC form is completed for each 
cooler for each day of sampling.  The following information concerning the sample is 
documented on the CoC form: 

 project name and designated project number; 

 unique sample identification; 
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 date and time of sample collection; 

 sample matrix; 

 analytical parameters requested; 

 number of containers per sample; and 

 sampler’s name 

 
Upon receipt of the sample cooler, the laboratory verifies custody and condition of the 
samples.  Non-conformances in sample receipt (e.g., broken sample containers, samples 
received outside of temperature range) is documented on the sample receipt form and 
communicated to the project team immediately. 

5.4.1. Sample Volumes, Containers, and Preservation 

Sample containers are obtained by the project laboratory pre-cleaned according to EPA 
specifications for the analytical methods.  Containers are stored in clean areas to prevent 
exposure to fuels, solvents, and other contaminants.  The sample volume, matrix, 
container type, preservation requirement, and holding time for the analytical method 
performed on the samples are listed in Table 3.  

5.5. Quality Control 

5.5.1. Field QC Samples 

5.5.1.1. Field Duplicates 

Field duplicates are samples that are collected at the same time, from the same source, 
and at the same depth or sample location as the associated field sample.  Field duplicates 
are submitted to the project laboratory as separate samples.  The purpose of collecting 
field duplicates is to assess the consistency of the overall sampling effort, including 
collection, shipping, and analysis; the purpose of submitting them to the laboratory is to 
assess the consistency or precision of the laboratory’s analytical system.  At least one 
field duplicate is collected during each groundwater monitoring event for the UPCO 
facility wells. 

5.5.1.2. Trip Blanks  

Trip blanks are used to evaluate if VOCs may have been introduced to the environmental 
samples during shipment, handling, or storage.  Trip blanks are prepared by the 
laboratory, shipped to the project site, and then transported back to the laboratory with 
the field samples.  Trip blanks are analyzed for VOCs only.  Trip blanks are submitted 
and analyzed with each cooler containing VOC samples. 
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5.5.1.3. Field Splits 

UPCO provides the tentative sampling schedule to the appropriate regulatory agencies 
prior to the commencement of sampling in order to allow agencies the opportunity to 
collect split samples.  The respective agencies, in turn, notify UPCO of the wells where 
split samples are requested. 

The frequency of the split sample collection is left up to the discretion of the notified 
agencies.  UPCO encourages that the split samples be analyzed for the same analytes and 
detection limits as the primary samples for adequate comparison.  Sample containers for 
the split collection are provided by the agency requesting the split sample. 

5.5.2. Laboratory QC Samples 

Laboratory quality control (QC) samples are necessary to evaluate performance and 
reliability for each measurement parameter.  Laboratory QC samples, consisting of 
method blanks, matrix spike/matrix spike duplicate (MS/MSD), and laboratory control 
spike (LCS), etc, are included in each analyzed analytical batch.   Laboratory QC samples 
and their acceptance criteria are described in the 2004 QAPP, the project laboratory’s 
Quality Assurance Manual, and the analytical method protocol.   
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6. Quality Assurance Management 

6.1. Data Quality Management 

The data quality management program is designed to ensure that QC procedures are 
maintained from data collection through report preparation.  Data quality management is 
initiated prior to data collection by implementing QC procedures established to ensure 
that data are obtained and analyzed in a manner consistent with QA objectives and are 
representative of the actual site conditions.  Laboratory data are maintained by the project 
laboratory in accordance with the laboratory’s Quality Assurance Manual contained in 
the 2004 QAPP.  Field data are maintained by UPCO for a minimum period of 5 years.  
The following sections summarize field and laboratory data quality management and 
verification. 

6.1.1. Data Management 

Field and laboratory data are managed as they are obtained and compiled.  Field data are 
obtained and compiled in field notebooks and/or on the appropriate field data forms.  
Laboratory data are compiled in the data report packages.  Field and laboratory data are 
entered, stored, and maintained in an electronic database.  Tables are prepared based on 
these data for use in summary reports.  Use of these standard data reporting forms and 
tables ensures that data are presented consistently.  The QA Manager maintains copies of 
field data forms, original transmittal letter, chain-of-custody records, and the laboratory 
data packages in the project files.   

6.1.2. Data Verification and Data Validation 

Data generated by the project laboratory are reviewed and validated prior to reporting.  
Data are not released until they have been subjected to the procedures summarized below 
and presented in the 2004 QAPP. 

6.1.2.1. Laboratory Data Review 

The project laboratory is responsible for reviewing 100 percent of the analytical data to 
ensure that it meets the requirements specified in analytical methods.  The laboratory 
system for ensuring valid data includes reviews of the instrument printouts, sample 
preparation information, calibration information, MS/MSD results, LCS results, 
method/instrument blanks, and laboratory duplicate results.  Data review is performed to 
assess whether there are non-conformances with the analytical method protocols or 
project-specific requirements, and to correct problems discovered.   
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The laboratory analyst performing the tests reviews 100 percent of the definitive data.  
After the analyst’s review has been completed, 100 percent of the data are reviewed 
independently by a senior analyst or by a supervisor.   

The laboratory QC coordinator performs a 100 percent review of 10 percent of the 
completed data packages, and the laboratory project manager performs a review check on 
the completed data packages. 

6.1.2.2. Data Verification 

Data verification techniques include reviewing data and accepting, rejecting, or 
qualifying data on the basis established criteria.  

Data verification is performed on 100 percent of the data and includes a review of the 
following QC parameters: 

 holding times; 

 sample preservation and containers; 

 spike samples (MS/MSD and LCS); 

 laboratory and field duplicates; and 

 surrogate recoveries. 
 
Data validation findings are summarized as an appendix to the applicable report 
deliverables and includes the following: 

 summary of QC samples (field and laboratory); 

 description of qualified results; and 

 completeness evaluation. 
 
As part of the data validation, validation qualifiers may be assigned to results not meeting 
data quality objectives.  The data qualifiers used to qualify analytical results associated 
with QC parameters outside data quality objectives are defined below: 

J:   The analyte was positively identified; however, the result should be 
considered an estimated value. 

UJ:   The analyte was not detected above the reporting limit; however, the 
reporting limit is considered an estimated value. 

6.1.2.3. Data Reporting 

Data deliverables from the laboratory consist of Level II data packages and electronic 
data deliverables (EDDs) for uploading into a project database.  Data are also submitted 
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to ADEQ annually for inclusion in the State of Arizona’s Groundwater Quality Database.  
The database information is provided as ASCII fixed-width text files in the specified 
ADEQ format.  The information transferred includes the following: site information, well 
characteristics, and chemical analysis results. 

The Level II data package includes the following: 

 analytical report; 

 CoC form; 

 method blank results; 

 MS/MSD and LCS summaries; 

 reporting limits; 

 surrogate recoveries for organic analyses;  

 case narrative or other notes explaining nonconformances; 

6.2. Assessment and Oversight 

6.2.1. Assessment and Response Actions 

6.2.1.1. Purpose/Background 

A process of evaluation and validation is necessary to ensure that sample collection is 
conducted as planned and that the data meet project DQOs.  The purpose of this section is 
to describe internal and external checks to ensure that: 

 The elements of the QAPP are correctly implemented; 

 The quality of the data generated by implementation of the QAPP is adequate; 
and 

 Corrective actions, when needed, are implemented in a timely manner and their 
effectiveness is documented. 

6.2.1.2. Assessment of Project Activities 

The QA program under which ambient monitoring will operate includes performance and 
system audits with independent checks of the data obtained from sampling, analysis, and 
data gathering activities. 
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The essential steps of the QA program are as follows: 

 Identify and define the problem; 

 Assign responsibility for investigating the problem; 

 Investigate and determine the cause of the problem; 

 Assign and accept responsibility for implementing corrective action; 

 Implement the corrective action; and 

 Verify that the corrective action has eliminated the problem. 

Some of the technical problems may be solved immediately by the staff involved; for 
example, by repairing instrumentation that is not working properly.  Immediate corrective 
actions form part of the normal operating procedures and are noted in field logbooks or 
laboratory logbooks and stored in the project records.  Problems not solved this way 
require a more formalized corrective action and documentation.  In the event quality 
problems are identified, the PM will determine whether attainment of acceptable quality 
requires either short-term or long-term actions.   

6.2.2. Reporting and Resolution of Issues 

Findings of field practices and procedures that do not conform to the QAPP will be 
reported by the Task Managers to the Project Director as soon as they are discovered.  
Appropriate corrective action, including actions that are already in place, will be 
discussed.  Corrective action will be then initiated or modified as needed.  Corrective 
actions will be documented by the staff involved, the Project Director and housed in 
project files. 

6.2.3. Quality Assurance Reporting To Management 

Overall data quality verification results and corrective actions are reported to the Project 
Director and Task Managers via the QA Manager.  Prior to the preparation of the 
corresponding summary report, the QA Manager informs the Project Director of internal 
analytical data verification checklist results and recommendations.  The QA Manager 
informs the Project Director and the Task Managers of all corrective actions to be 
implemented.  The Project Director informs project staff of any corrective action to be 
followed.  Corrective actions taken, as specified in the 2004 QAPP, are recapitulated in 
the appropriate report deliverable. 
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Table 1
UPCO Well Information
QAPP Addendum 
Former Universal Propulsion Company, Inc. Facility
Phoenix, Arizona

MW-1 Monitoring 653227.14 987065.13 55-201495 240 190-240 1560.43

MW-2 Monitoring 653289.68 987649.25 55-201494 250 200-250 1571.22

MW-3 Monitoring 652625.62 988671.09 55-204197 271 221-271 1583.59

MW-4 Monitoring 654284.93 988971.85 55-204196 300 245-295 1620.34

MW-5 Injection 654073.16 988289.99 55-204195 285 230-280 1589.32

MW-6 Monitoring 652259.53 987361.63 55-204194 210 155-205 1551.65

MW-7 Monitoring 652125.72 986534.14 55-205001 210 155-205 1541.35

MW-8 Monitoring 653422.61 986160.23 55-205002 235 180-230 1542.18

MW-9 Monitoring 654356.82 986138.65 55-901548 255 200-250 1565.60

MW-10 Monitoring 651342.65 987055.87 55-901549 205 150-200 1536.11

MW-11 Injection 654285.33 987957.47 55-903736 315 260-310 1602.49

MW-12 Monitoring 653210.97 987117.21 55-903737 480 450-480 1560.91

MW-13 Monitoring 654137.59 988274.92 55-217221 490.5 440-490 1597.86

MW-14 Monitoring 653239.01 989362.53 55-217222 500 445-495 1602.48

MW-15 Monitoring 653225.43 989314.03 55-217223 325 270-320 1600.48

MW-16 Monitoring 652624.02 988727.69 55-913047 500 445-495 1585.36

MW-17 Monitoring 652108.14 987746.04 55-913046 260 205-255 1560.72

MW-18 Monitoring 652551.52 986026.10 55-911047 230 175-225 1533.53

MW-19 Monitoring 654123.16 988257.79 55-913045 305 250-300 1597.17

MW-20 Extraction 653706.10 988023.42 55-914005 290 235-285 1576.075

MW-21 Monitoring 653452.17 987298.28 55-914006 270 215-265 1565.28

MW-22 Monitoring 653986.82 988397.29 55-222509 280 210-280 1598.46

PW-1 Monitoring 652363.12 987457.36 55-500290 500 420-480 1554.46

EW-1 Extraction 654177.44 988356.16 55-222510 300 250-300 1590.83

EW-2 Extraction 653306.90 987245.48 55-222511 305 210-305 1556.19

IW-1 Extraction 654312.56 988468.89 55-222512 335 250-335 1594.96

IW-2 Monitoring 653918.36 988425.16 55-222513 285 210-285 1593.68

IW-3 Injection 653463.17 987836.12 55-222514 255 180-255 1568.083

RW-1 Injection 654432.03 988635.31 55-223676 340 265-340 1604.05

RW-2 Injection 654125.63 988829.25 55-223677 332 252-332 1604.40

RW-3 Injection 653033.50 987806.60 55-228101 400 330-400 1559.40

Notes and Abbreviations:
Coordinates are expressed in North American Datum 83 State Plane Arizona Central (international feet).
ADWR = Arizona Department of Water Resources
amsl = above mean sea level
bgs = below ground surface

Screened
Interval

(feet bgs)

Measuring Point 
Elevation

(feet amsl)
Well ID Well Use Easting Northing

ADWR
Number

Total
Casing Depth

(feet bgs)
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Table 2
Private Well Information 
QAPP Addendum
Former Universal Propulsion Company, Inc. Facility
Phoenix, Arizona

8 W. YEARLING 38688.00 55-205738 Domestic 260 NA

16 E. YEARLING 36551.00 55-578534 Domestic 738 NA

18 E. YEARLING 39216.00 55-212662 Domestic 520 1596.79

104 E. YEARLING 33953.00 55-537512 Domestic 200 NA

106 W. YEARLING NA 55-583418 Domestic NA NA

122 W. YEARLING NA NA Domestic NA NA

204 E. YEARLING 34928.00 55-550038 Domestic 415 NA

218 E. YEARLING 38776.00 55-207497 2 Domestic 415 1617.01

308 E. YEARLING NA NA Domestic NA NA

412 E. YEARLING NA NA Domestic NA NA

424 E. YEARLING NA NA Domestic NA NA

520 E. YEARLING NA NA Domestic NA 1635.71

604/616 E. YEARLING 1
NA 55-568440 Domestic NA NA

25825 N. 1ST PLACE 35268.00 55-557685 Domestic 495 NA

25903 N. 2ND ST NA NA Domestic NA NA

25911 N. Central Ave. NA NA Domestic NA NA

25814 N. 5th Avenue NA NA Domestic NA NA

Notes and Abbreviations:
1 = Residence at 604 and 616 E. Yearling share the same well.
2 = Replacement well installed in 2006.
ADWR = Arizona Department of Water Resources
amsl = above mean sea level

Measuring Point 
Elevation
(feet amsl)

Address Date Installed
ADWR

Number
Well Use Well Depth 

9/16/2020
Tables 1 & 2 - QAPP Addendum
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Table 3

Sample Container and Preservation Requirements
QAPP Addendum

Former Universal Propulsion Company, Inc. Facility
Phoenix, Arizona

Parameter
Analytical 
Methods

Matrix
Sample Volume 
and Container

Preservation Holding Time

EPA Method 
314.0

W 250 mL poly none 28 days

EPA Method 
6850/6860

W 250 mL poly
none/

Field Filtered
28 days

VOCs
EPA Method 

8260B
W 3 x 40 ml VOA vial

4±2oC and HCl 
to pH<2

14 days for 
preserved sample; 7 

days for non-
preserved sample

1,4-dioxane
EPA Method 
8260B-Sim

W 2 x 40 ml VOA vial
4±2oC and HCl 

to pH<2

14 days for 
preserved sample; 7 

days for non-
preserved sample

Notes:
EPA = Environmental Protection Agency
HCl = hydrochloric acid
VOCs = volatile organic compounds
W = water samples

Perchlorate

Page 1 of 1
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     March 2012

4646 E. Van Buren

St., Suite 400

Phoenix, AZ 85008

QAPP Addendum
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DEPTH

(FT BGS)

SURFACE

CEMENT GROUT SEAL

BENTONITE SEAL

#60 COLORADO SILICA SAND

NOMINAL 10-INCH BOREHOLE

5-INCH DIAMETER SCH 80 PVC

SLOTTED CASING (0.02" SLOT)

WITH SUMP AND END CAP

#10-20 COLORADO SILICA SAND

TOTAL DEPTH OF BOREHOLE

5-INCH DIAMETER SCH 80

PVC BLANK CASING

500

445

435

440

426

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

20
10-INCH STEEL CONDUCTOR

CASING

5-INCH DIAMETER WELL SEAL

3-FOOT SQUARE CONCRETE PAD

495

SUBMERSIBLE PUMP ON

SCH 120 PVC DROP PIPE

SCH 80 PVC SOUNDING TUBE

492

509

247

Figure A-16

MW-16

 As-Built Construction DiagramNOT TO SCALE

  March 2012

4646 E. Van Buren

St., Suite 400

Phoenix, AZ 85008
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DEPTH

(FT BGS)

SURFACE

CEMENT GROUT SEAL

BENTONITE SEAL

#60 COLORADO SILICA SAND

NOMINAL 10-INCH BOREHOLE

4-INCH DIAMETER SCH 40 PVC

SLOTTED CASING (0.02" SLOT)

WITH SUMP AND END CAP

#10-20 COLORADO SILICA SAND

TOTAL DEPTH OF BOREHOLE

4-INCH DIAMETER SCH 40

PVC BLANK CASING

260

205

195

200

185

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

20
10-INCH STEEL CONDUCTOR

CASING

4-INCH DIAMETER WELL SEAL

3-FOOT SQUARE CONCRETE PAD

255

SUBMERSIBLE PUMP ON

SCH 120 PVC DROP PIPE

SCH 80 PVC SOUNDING TUBE

252

270

Figure A-17

MW-17

As-Built Construction DiagramNOT TO SCALE

     March 2012

4646 E. Van Buren

St., Suite 400

Phoenix, AZ 85008

QAPP Addendum
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DEPTH

(FT BGS)

SURFACE

CEMENT GROUT SEAL

BENTONITE SEAL

NOMINAL 10-INCH BOREHOLE

4-INCH DIAMETER SCH 40 PVC

SLOTTED CASING (0.02" SLOT)

WITH SUMP AND END CAP

#10-20 COLORADO SILICA SAND

TOTAL DEPTH 

OF BOREHOLE

4-INCH DIAMETER SCH 40

PVC BLANK CASING

232.6

175

150

145

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

20
10-INCH STEEL CONDUCTOR

CASING

4-INCH DIAMETER WELL SEAL

3-FOOT SQUARE CONCRETE PAD

225

203

230

247.6

400

BENTONITE SEAL

M:\3994003\300 Monitor Well Install\As Builts

NOT TO SCALE Figure A-18

MW-18

As-Built Construction Diagram

     March 2012

4646 E. Van Buren

St., Suite 400

Phoenix, AZ 85008
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DEPTH

(FT BGS)

SURFACE

CEMENT GROUT SEAL

BENTONITE SEAL

#60 COLORADO SILICA SAND

NOMINAL 10-INCH BOREHOLE

5-INCH DIAMETER SCH 80 PVC

SLOTTED CASING (0.05" SLOT)

WITH SUMP AND END CAP

#8-12 COLORADO SILICA SAND

TOTAL DEPTH OF BOREHOLE

5-INCH DIAMETER SCH 80

PVC BLANK CASING

305

240

245

230

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

20
10-INCH STEEL CONDUCTOR

CASING

5-INCH DIAMETER WELL SEAL

3-FOOT SQUARE CONCRETE PAD

300

SUBMERSIBLE PUMP ON

SCH 120 PVC DROP PIPE

SCH 80 PVC SOUNDING TUBE

297

250

310

Figure A-19

MW-19

As-Built Construction DiagramNOT TO SCALE

March 2012

4646 E. Van Buren St.

Suite 400

Phoenix, AZ 85008

QAPP Addendum
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DEPTH

(FT BGS)

SURFACE

CEMENT GROUT SEAL

BENTONITE SEAL

#60 COLORADO SILICA SAND

NOMINAL 10-INCH BOREHOLE

5-INCH DIAMETER SCH 80 PVC

SLOTTED CASING (0.05" SLOT)

WITH SUMP AND END CAP

#8-12 COLORADO SILICA SAND

TOTAL DEPTH OF BOREHOLE

5-INCH DIAMETER SCH 80

PVC BLANK CASING

290

225

230

215

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

20
10-INCH STEEL CONDUCTOR

CASING

5-INCH DIAMETER WELL SEAL

3-FOOT SQUARE CONCRETE PAD

285

SUBMERSIBLE PUMP ON

SCH 120 PVC DROP PIPE

SCH 80 PVC SOUNDING TUBE

280

235

295

Figure A-20

MW-20 As-Built

Construction DiagramNOT TO SCALE

March 2012

4646 E. Van Buren St.

Suite 400

Phoenix, AZ 85008

QAPP Addendum
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DEPTH

(FT BGS)

SURFACE

CEMENT GROUT SEAL

BENTONITE SEAL

#60 COLORADO SILICA SAND

NOMINAL 10-INCH BOREHOLE

5-INCH DIAMETER SCH 80 PVC

SLOTTED CASING (0.05" SLOT)

WITH SUMP AND END CAP

#8-12 COLORADO SILICA SAND

TOTAL DEPTH OF BOREHOLE

5-INCH DIAMETER SCH 80

PVC BLANK CASING

270

205

210

195

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

20
10-INCH STEEL CONDUCTOR

CASING

5-INCH DIAMETER WELL SEAL

3-FOOT SQUARE CONCRETE PAD

265

SUBMERSIBLE PUMP ON

SCH 120 PVC DROP PIPE

SCH 80 PVC SOUNDING TUBE

260

215

277

Figure A-21

MW-21 As-Built

Construction DiagramNOT TO SCALE

March 2012

4646 E. Van Buren St.

Suite 400

Phoenix, AZ 85008

QAPP Addendum
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M:\3994003\300 Monitor Well Install\As Builts

218

203

202

188

TOTAL  DEPTH 

OF BOREHOLE241

1/2-INCH DIAMETER SCH 80 PVC

(0.040” SLOT) WITH ENDCAP

2-FOOT SQUARE CONCRETE PAD

12-INCH DIAMETER 

LOCKING STEEL MONUMENT

SURFACE

    150

    190

    182

    158

    187

    200

    153

 90

DEPTH

(FT BGS)

BENTONITE SEAL

NOMINAL 10.75-INCH BOREHOLE

#8-12 SILICA SAND 

2-INCH DIAMETER SCH 80 PVC

(0.040” SLOT) WITH END CAP

CEMENT-BENTONITE GROUT 

140

 2

152

 42

 28

40

30

 27

 22

 88

 102

 87

 83

 47

 43

 137

 132

109
 103

 100

 138

3/8'' WASHED PEA GRAVEL

3/8-INCH WASHED PEA GRAVEL

10-INCH DIAMETER STEEL

CONDUCTOR CASING

Notes:

Vapor ports sealed with Swagelok caps.

Converted to monument surface completion

in August 2009.

NOT TO SCALE

Figure A-22

SVMW-1 Revised

As-Built Construction Diagram

     March 2012

4646 E. Van Buren

St., Suite 400

Phoenix, AZ 85008

QAPP Addendum
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Project 3994003 Well RW-1

Town/City Phoenix

County Maricopa State Arizona
 

Permit No(s). 55-223676

Land Surface Elevation 1605.08 feet X Surveyed
Datum NGVD29 Estimated

Coordinates North 988477.203, East 654327.565

Installation Date(s) 8/14/14 - 8/15/14

Drilling Method Air Rotary

Drilling Contractor Yellow Jacket

Drilling Fluid water

Development Technique(s) and Date(s)
Bail-Surge-Pump

Fluid Loss During Drilling none gallons

Water Removed During Development 2,967 gallons

Static Depth to Water 259.6 feet below M.P.

Pumping Depth to Water 296.1 feet below M.P.

Pumping Duration 3.75 hours

Yield 11.7 gpm Date 8/21/2014

Specific Capacity gpm/ft

Well Purpose Remediation

Remarks Well Screened in bedrock
M.P. = Sounding Tube = 1605.41 feet amsl

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

0.32

10" diameter 

Drilled Hole 

Ground Surface 

TD = 342 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

255 ft* 

260 ft* 

340 ft* 

265 ft* 

12-inch Diameter 

Flush Well Vault 

10" diameter Steel 

Conductor Casing 

345 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

335 ft* 

245 ft* 

15 SQE15-290 

Grundfos Submersible 

Pump on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC  

with 0.01" Slot 

5" Diameter Well Seal 

RW-1 & RW-2 Well As-Builts.xlsx



 

Project 3994003 Well RW-2

Town/City Phoenix

County Maricopa State Arizona
 

Permit No(s). 55-223677

Land Surface Elevation 1605.14 feet X Surveyed
Datum NGVD29 Estimated

Coordinates North 988671.195, East 654020.893

Installation Date(s) 8/11/14 - 8/14/14

Drilling Method Air Rotary

Drilling Contractor Yellow Jacket

Drilling Fluid Water

Development Technique(s) and Date(s)
Surge-Bail-Pump

Fluid Loss During Drilling 0 gallons

Water Removed During Development 2,500 gallons

Static Depth to Water 264.89 feet below M.P.

Pumping Depth to Water 312.67 feet below M.P.

Pumping Duration 7 hours

Yield 1.07 gpm Date 9/2/2014

Specific Capacity gpm/ft

Well Purpose Remediation Well

Remarks Well Screened in bedrock
M.P. = Sounding Tube = 1605.31 feet amsl

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

0.022

10" diameter 

Drilled Hole 

Ground Surface 

TD = 360 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

255 ft* 

247 ft* 

332 ft* 

252 ft* 

12-inch Diameter 

Flush Well Vault 

10" diameter Steel 

Conductor Casing 

332.8 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

327 ft* 

245 ft* 

15 SQE15-290 

Grundfos Submersible 

Pump on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC  

with 0.01" Slot 

5" Diameter Well Seal 

261.36 ft* 

RW-1 & RW-2 Well As-Builts.xlsx



 

Project/#: UPCO/3994018 Well MW-22

Town/City: Phoenix

County: Maricopa State: Arizona
 

Permit No(s).: 55-222509

Land Surface Elevation: 1595.84 feet X Surveyed
Datum: NGVD29 Estimated

Coordinates: East 654091.455, North 988555.437

Installation Date(s): 2/13/14 - 2/19/14

Drilling Method: Air Rotary

Drilling Contractor: Yellow Jacket Drilling

Drilling Fluid: Water

Development Technique(s) and Date(s):
Bail-Surge-Pump
3/21/14 & 3/24/14

Fluid Loss During Drilling: 0 gallons

Water Removed During Development: 224 gallons

Static Depth to Water: 249.75 feet below M.P.

Pumping Depth to Water: 274.6 feet below M.P.

Pumping Duration: 3.92 hours

Yield: < 0.7 gpm Date: 3/24/2014

Specific Capacity: 0.03 gpm/ft

Well Purpose: Monitoring Well

Remarks: Well screened in cemented alluvium
M.P. = Sounding Tube = 1598.46 feet

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by: Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

10" diameter 

Drilled Hole 

Ground Surface 

TD = 284.4 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

198.25 ft* 

204.75 ft* 

280 ft* 

210 ft* 

~275 ft* 

12-inch Diameter 

Locking Steel Monument 

10" diameter Steel 

Conductor Casing 

284.4 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

Grunfos 

Submersible Pump 

on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC 

5" Diameter Well Seal 

247.2 ft 

Well As-Builts.xlsx



 

Project/#: UCPO/3994018 Well: IW-1

Town/City: Phoenix

County: Maricopa State: Arizona
 

Permit No(s).: 55-222512

Land Surface Elevation: 1595.54 feet X Surveyed
Datum: NGVD29 Estimated

Coordinates: North 988468.696; East 654312.214

Installation Date(s): 2/22/14 - 2/25/14

Drilling Method: Air Rotary

Drilling Contractor: Yellow Jacket Drilling

Drilling Fluid: Water

Development Technique(s) and Date(s)
Surge-Bail-Pump

3/19/2014 - 3/20/2014

Fluid Loss During Drilling: 0 gallons

Water Removed During Development: 1284 gallons

Static Depth to Water: 250.15 feet below M.P.

Pumping Depth to Water: 253.70 feet below M.P.

Pumping Duration: 2.03 hours

Yield: 9.7 gpm Date:

Specific Capacity: gpm/ft

Well Purpose: Remediation

Remarks: Well Screened in bedrock
M.P. = Sounding Tube = 1595.52 feet

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by: Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

3/20/2014

2.73

10" diameter 

Drilled Hole 

Ground Surface 

TD = 346 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

238 ft* 

245 ft* 

335 ft* 

250 ft* 

330 ft* 

12-inch Diameter 

Flush Well Vault 

10" diameter Steel 

Conductor Casing 

346 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

3/4 HP Grunfos 

Submersible Pump 

on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC 

5" Diameter Well Seal 

Our ref: \\AZ04FP01\Data\Projects\3994003\Supplemental Studies Work Plan\Fieldwork\GW Wells\Well As-Built\Well As-Builts.xlsx



 

Project/#: UCPO/3994018 Well: IW-2

Town/City: Phoenix

County: Maricopa State: Arizona
 

Permit No(s).: 55-222513

Land Surface Elevation: 1593.86 feet X Surveyed
Datum: NGVD29 Estimated

Coordinates: North 988583.305; East 654022.985

Installation Date(s): 2/22/14 - 2/25/14

Drilling Method: Air Rotary

Drilling Contractor: Yellow Jacket Drilling

Drilling Fluid: Water

Development Technique(s) and Date(s)
Surge-Bail-Pump

3/24/2014 - 3/25/2014

Fluid Loss During Drilling: 0 gallons

Water Removed During Development: 253 gallons

Static Depth to Water: 249.94 feet below M.P.

Pumping Depth to Water: 280.00 feet below M.P.

Pumping Duration: 1.77 hours

Yield: 1.16 gpm Date:

Specific Capacity: gpm/ft

Well Purpose: Remediation

Remarks: Well Screened in cemented alluvium
M.P. = Sounding Tube = 1593.68 feet

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by: Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

3/25/2014

0.039

10" diameter 

Drilled Hole 

Ground Surface 

TD = 290 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

200 ft* 

205 ft* 

285 ft* 

210 ft* 

280 ft* 

12-inch Diameter 

Flush Well Vault 

10" diameter Steel 

Conductor Casing 

290 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

3/4 HP Grunfos 

Submersible Pump 

on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC 

5" Diameter Well Seal 

249.94 ft 

Our ref: \\AZ04FP01\Data\Projects\3994003\Supplemental Studies Work Plan\Fieldwork\GW Wells\Well As-Built\Well As-Builts.xlsx



 

Project/#: UCPO/3994018 Well: IW-3

Town/City: Phoenix

County: Maricopa State: Arizona
 

Permit No(s).: 55-222514

Land Surface Elevation: 1569.36 feet X Surveyed
Datum: NGVD29 Estimated

Coordinates: North 987836.161; East 653463.055

Installation Date(s): 3/5/14 - 3/8/14

Drilling Method: Air Rotary

Drilling Contractor: Yellow Jacket Drilling

Drilling Fluid: Water

Development Technique(s) and Date(s)
Surge-Bail-Pump

3/25/2014 - 3/26/2014

Fluid Loss During Drilling: 0 gallons

Water Removed During Development: 535 gallons

Static Depth to Water: 221.82 feet below M.P.

Pumping Depth to Water: 221.91 feet below M.P.

Pumping Duration: 1.48 hours

Yield: 4.88 gpm Date:

Specific Capacity: gpm/ft

Well Purpose: Remediation

Remarks: Well Screened in bedrock
M.P. = Sounding Tube = 1568.96 feet

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by: Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

3/26/2014

54.22

10" diameter 

Drilled Hole 

Ground Surface 

TD = 266 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

169 ft* 

174 ft* 

255 ft* 

180 ft* 

250 ft* 

12-inch Diameter 

Flush Well Vault 

10" diameter Steel 

Conductor Casing 

266 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

3/4 HP Grunfos 

Submersible Pump 

on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC 

5" Diameter Well Seal 

221.82 ft 

Our ref: \\AZ04FP01\Data\Projects\3994003\Supplemental Studies Work Plan\Fieldwork\GW Wells\Well As-Built\Well As-Builts.xlsx



 

Project/#: UCPO/3994018 Well: EW-1

Town/City: Phoenix

County: Maricopa State: Arizona
 

Permit No(s).: 55-222510

Land Surface Elevation: 1592.07 feet X Surveyed
Datum: NGVD29 Estimated

Coordinates: North 988356.042; East 654177.509

Installation Date(s): 2/9/14 - 2/12/14

Drilling Method: Air Rotary

Drilling Contractor: Yellow Jacket Drilling

Drilling Fluid: Water

Development Technique(s) and Date(s)
Surge-Bail-Pump

3/19/2014

Fluid Loss During Drilling: 0 gallons

Water Removed During Development: 713 gallons

Static Depth to Water: 247.45 feet below M.P.

Pumping Depth to Water: 247.5 feet below M.P.

Pumping Duration: 1.87 hours

Yield: 5.47 gpm Date:

Specific Capacity: gpm/ft

Well Purpose: Remediation

Remarks: Well Screened in bedrock
M.P. = Sounding Tube = 1594.88 feet

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by: Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

3/19/2014

109.46

10" diameter 

Drilled Hole 

Ground Surface 

229 ft* 

TD = 304 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Bentonite Seal: 

(3/8-inch Chips) 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

238 ft* 

245 ft* 

300 ft* 

250 ft* 

295 ft* 

12-inch Diameter 

Locking Steel Monument 

10" diameter Steel 

Conductor Casing 

304 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

3/4 HP Grunfos 

Submersible Pump 

on Schedule 120 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC 

5" Diameter Well Seal 

247.45 ft 

Our ref: \\AZ04FP01\Data\Projects\3994003\Supplemental Studies Work Plan\Fieldwork\GW Wells\Well As-Built\Well As-Builts.xlsx



 

Project/#: UPCO/3994018 Well EW-2

Town/City: Phoenix

County: Maricopa State: Arizona
 

Permit No(s).: 55-222511

Land Surface Elevation: feet X Surveyed
Datum: NGVD29 Estimated

Coordinates: North 987245.445; East 653307.216

Installation Date(s): 2/20/14 - 2/5/14

Drilling Method: Air Rotary

Drilling Contractor: Yellow Jacket Drilling

Drilling Fluid: Water

Development Technique(s) and Date(s):
Surge-Bail-Pump
3/26/14 - 3/27/14

Fluid Loss During Drilling: 0 gallons

Water Removed During Development: 955.5 gallons

Static Depth to Water: 213.65 feet below M.P.

Pumping Depth to Water: 214.02 feet below M.P.

Pumping Duration: 1.33 hours

Yield: 10.69 gpm Date:

Specific Capacity: gpm/ft

Well Purpose: Remediation

Remarks: Well Screened in bedrock
M.P. = Sounding Tube = 1560.92 feet

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by: Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

1557.40

3/27/2014

28.90

10" diameter 

Drilled Hole 

Ground Surface 

195 ft* 

TD = 310 ft* 

Well Casing: 

5" diameter Blank 

Schedule 80 PVC 

3-Foot Diameter 

Concrete Pad 

Bentonite Seal: 

(3/8-inch Chips) 

Filter Pack: 

#8/12 Silica Sand 

Cement Grout Seal 

20 ft* 

200 ft* 

205 ft* 

305 ft* 

210 ft* 

300 ft* 

12-inch Diameter 

Locking Steel Monument 

10" diameter Steel 

Conductor Casing 

310 ft* 

Transition Sand: 

#60 Silica Sand 

Well Screen: 

5" diameter, 0.050" 

slot Stainless Steel 

Wire Wrap Screen 

3/4 HP Grunfos 

Submersible Pump 

on Schedule 80 

PVC Drop Pipe 

Sounding Tube: 

1" diameter 

Schedule 80 PVC 

5" Diameter Well Seal 

213.65 ft 

Our ref: \\AZ04FP01\Data\Projects\3994003\Supplemental Studies Work Plan\Fieldwork\GW Wells\Well As-Built\Well As-Builts.xlsx



 

Project UPCO/3994003 Well RW-3

Town/City Phoenix

County Maricopa State Arizona
 

Permit No(s). 55-228101

Land Surface Elevation 1559 feet Surveyed
Datum msl X Estimated

Coordinates

Installation Date(s) 12/13/17 - 12/21/17

Drilling Method Air Rotary (50K)

Drilling Contractor Cascade

Drilling Fluid Water/Foam

Development Technique(s) and Date(s)
Bail-Surge-Pump

12/21/17 - 12/29/17

Fluid Loss During Drilling 0 gallons

Water Removed During Development 1845 gallons

Static Depth to Water 213.83 feet below M.P.

Pumping Depth to Water 222.52 feet below M.P.

Pumping Duration 1.5 hours

Yield 17 gpm Date 12/29/2017

Specific Capacity 2 gpm/ft

Well Purpose Remediation 

Remarks Well Screened in bedrock

Measuring Point is Top of Well Casing
Unless Otherwise Noted. Prepared by Thomas Vespalec

* Depth Below Ground Surface Drawing not to scale

AS-BUILT
WELL CONSTRUCTION LOG

10" diameter
Drilled Hole

Ground Surface

TD = 410 ft*

Well Casing:
5" diameter Blank
Schedule 80 PVC

Concrete Pad

Filter Pack:
#8/12 Silica Sand

Cement Grout Seal

20 ft*

320 ft*

325 ft*

400 ft*

330 ft*

24-inch Box Flush 
Well Vault

10" diameter Steel 
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METHOD 6860 
 

PERCHLORATE IN WATER, SOILS AND SOLID WASTES USING 
ION CHROMATOGRAPHY/ELECTROSPRAY IONIZATION/MASS SPECTROMETRY 

(IC/ESI/MS OR IC/ESI/MS/MS) 
 
 
 
 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 uses ion chromatography (IC) coupled with electrospray ionization 
(ESI) mass spectrometry (MS) or tandem mass spectrometry (MS/MS) for the determination of 
perchlorate in surface water, groundwater, salt water and soil (See Refs. 1-3).  The following 
analyte has been determined by this method: 
 
 

Analyte CAS No.a 

ClO4
- 14797-73-0 

 
aChemical Abstract Service Registry Number 

 
 
 1.2 This method has not been fully validated for complex matrices, such as 
wastewater treatment sludges, using the recommended extraction procedure.  Additional 
studies are necessary to confirm whether alternate extraction approaches are able to provide 
more efficient perchlorate recoveries. 
 
 1.3 Prior to employing this method, analysts are advised to consult the base 
method for each type of procedure that may be employed in the overall analysis (e.g., Methods 
3600 and 8000) for additional information on quality control procedures, development of QC 
acceptance criteria, calculations, and general guidance.  Analysts also 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.   

 



 6860 - 2 Revision 0 
  January 2007 

 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. 
 
 1.4 Use of this method is restricted to use by, or under supervision of, personnel 
appropriately experienced and properly trained in the use of IC/MS or IC/MS/MS 
instrumentation and skilled in the interpretation of mass spectra.  Each analyst must 
demonstrate the ability to generate acceptable results with this method. 
 
 
2.0 SUMMARY OF METHOD   
 
 2.1 Perchlorate is separated, detected and quantified using one of three instrument 
system options as described in Secs. 2.1.1-2.1.3. 
 

 2.1.1 IC/MS – An appropriate volume of sample or sample extract is 
introduced into an IC/MS instrument.  Perchlorate (ClO4

-) is separated by IC from the 
sample matrix.  The IC effluent is ionized in the electrospray source and transferred to 
the mass spectrometer where the perchlorate is detected and quantified using mass-to-
charge (m/z) ratios 99 (ClO4

-), 101 (37ClO4
-) and 107 (Cl18O4

-).  Quantitation is performed 
using m/z 99 and internal standard calibration.  Isotopically-labeled perchlorate (Cl18O4

-), 
serves as an internal recovery and calibration standard (IRCS) to correct for perchlorate 
loss from the sample preparation procedure as well as during IC/MS analysis.  The 
99/101 isotopic ratio reflects the isotopic ratio of naturally occurring 35Cl/37Cl and is used 
for additional confirmation of perchlorate identification.   

 
 2.1.2 IC/MS/MS – Following IC separation and ionization, the perchlorate 
is isolated in the first mass spectrometer and transferred to a collision cell for 
fragmentation.  The resulting fragments 83 (ClO3

-), 85 (37ClO3
-) and 89 (Cl18O3

-) are 
introduced into the second mass spectrometer where they are detected and quantified. 
 
 2.1.3 IC/MS with fragmentation – This analysis option is similar to Sec. 
2.1.1, except that the separated perchlorate is partially fragmented and detected by MS 
using m/z ratios 83 (ClO3

-), 85 (37ClO3
-) and 89 (Cl18O3

-).   
 
 2.2 Matrix diversion may be used to direct early-eluting, matrix components to 
waste prior to the introduction of perchlorate into the mass spectrometer in order to minimize the 
accumulation of salt deposits in the electrospray source and mass spectrometer (Sec. 6.10.1.2). 
 
 2.3 A conductivity suppressor (Sec. 6.10.1.4) may be used to replace cations, such 
as potassium ion, with hydronium ion in the post-column eluent stream in order to minimize salt 
accumulation in the electrospray source and mass spectrometer.  A conductivity detector (Sec. 
6.10.1.5) may also be used in order to monitor the conductivity of the eluent stream entering the 
mass spectrometer. 
 
 2.4 Just prior to introduction into the mass spectrometer, the addition of solvent 
may be necessary to ensure adequate sample ionization in the electrospray source (Sec. 
6.10.1.6) 
 
 2.5 Solids are first extracted prior to analysis using reagent water (Sec. 11.2).  The 
filtered extracts are then analyzed by IC/MS or IC/MS/MS as described in Sec. 11.3.   
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3.0 DEFINITIONS  
 
 Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions 
that may be relevant to this procedure. 

 
 

4.0 INTERFERENCES  
 
 4.1 Solvents, reagents, glassware, and other sample processing hardware may 
yield artifacts and/or interferences to sample analysis.  All of these materials must be 
demonstrated to be free from interferences under the conditions of the analysis by analyzing 
method blanks.  Specific selection of reagents and purification of solvents by distillation in all-
glass systems may be necessary.  Refer to each method to be used for specific guidance on 
quality control procedures and to Chapter Three for general guidance on the cleaning of 
glassware. 
 
 4.2 All reagent solutions and samples (including QC samples) should be filtered 
through a 0.45-µm nominal pore size or smaller (e.g., 0.2-µm) membrane or frit to remove 
particulates and prevent damage to the instrument, columns and flow systems.  Filters 
specifically designed for IC or HPLC applications should be used. 
 
 4.3 Hydrogen sulfate ion (H34SO4

-), m/z 99, formed from a minor sulfur isotope, is 
commonly present in samples.  H34SO4

- elutes before perchlorate but at high concentrations can 
tail into the retention time of the perchlorate peak and elevate its baseline at m/z 99.  
Quantitation of perchlorate based on m/z 83, 85 and 89 avoids this potential interference from 
H34SO4

-.   
 
 4.4. Retention time shifts may occur as competing anions in the sample take up 
active sites on the stationary phase.  In such samples, perchlorate will elute earlier than in the 
calibration standards.  The Cl18O4

- peak from the IRCS will also shift, and therefore is used to 
confirm the identification of the native perchlorate peak. 
 
 4.5 Potential problems may arise when analyzing samples containing high levels of 
total dissolved solids (TDS) (i.e. salts of chloride, sulfate, carbonate/bicarbonate, etc.).  
Ionization suppression can occur when high levels of dissolved salts are introduced into the 
mass spectrometer, resulting in a reduction in the perchlorate analyte peak.  The degree of 
ionization suppression will depend on the type and concentration of interfering ions present, and 
whether or not they overlap with perchlorate when eluted.  The Cl18O4

- peak from the IRCS will 
similarly be affected and the internal standard calibration will correct for this effect.  However, 
significant ionization suppression can result in failure to meet the ± 50% IRCS response 
verification acceptance criterion (Sec. 9.9).  Additionally, ionization suppression can result in the 
complete loss of the analyte signal, particularly when the perchlorate levels of the sample are at 
or near the lower limit of quantitation (LLOQ) (Sec. 9.10).  Sample dilution, the use of a smaller 
injection volume or sample cleanup can be used to help minimize this effect. 

 
 4.5.1 A conductivity limit study (Sec. 9.4.1) may be performed in order to 
determine the approximate level of TDS that can be tolerated by a particular IC/MS 
system before deleterious effects to chromatographic performance and quantification 
occur.  
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5.0 SAFETY 
 
 5.1 This method does not address all safety issues associated with its use.  The 
laboratory 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. 
 
 5.2 Protective clothing should be worn when working with corrosive or potentially 
corrosive materials or samples. 
 
 5.4 Normal, accepted laboratory safety practices should be followed during reagent 
preparation and instrument operation. 
 
 5.5 The toxicity or carcinogenicity of each reagent used in this method have not 
been fully established.  Each chemical should be regarded as a potential health hazard and 
exposure should be as low as reasonably achievable. 

 
 

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 
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. 
 

This section does not list common laboratory glassware (e.g., beakers and flasks). 
 

 6.1 Volumetric flasks, 100-mL and other sizes as needed. 
 
 6.2 Automatic precision pipetters and disposable tips – 10-10,000 µL capacity. 
 
 6.3 Disposable autosampler vials. 
 
 6.4 Disposable plastic centrifuge tubes – 15- and 50-mL. 
 
 6.5 Disposable plastic micro-beakers. 
 
 6.6 Sample bottles – polyethylene or glass of sufficient volume to allow replicate 
analyses. 
 
 6.7 Disposable 0.45-µm or 0.2-µm surfactant-free, PTFE-membrane syringe filters. 
 
 6.8 Plastic 5-mL luer-lock syringes or equivalent. 
 
 6.9 C18 (2000 mg) chromatography columns or equivalent for extract solution 
cleanup. 
 
 6.10 Ion chromatograph/mass spectrometer – An analytical system combining an ion 
chromatograph for separation of the sample components, electrospray ionization source and 
mass spectrometer for fragmentation and detection of sample components.  Single stage MS or 
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MS/MS instruments may be used, but either MS/MS or MS with fragmentation is preferred due 
to superior selectivity.  The respective instrument components are provided below.  An example 
of an IC/MS setup is provided in Figure 1.  Example IC/MS and IC/MS/MS conditions are 
provided in Tables 1-3. 
 

 6.10.1 Ion chromatograph – The instrument should contain a 
programmable solvent delivery system and all necessary accessories including injection 
loop, analytical columns, chromatography pump, purging gases, etc.  A conductivity 
suppressor is used to remove mobile phase ions before introduction into the mass 
spectrometer. 

 
 6.10.1.1 Analytical column – Any anion exchange column 
capable of providing adequate separation of perchlorate from common anions 
such as sulfate, carbonate and chloride may be used.  Several different 
analytical column/mobile phase conditions have been evaluated and found to 
be suitable for use in perchlorate quantitation.  Examples of suitable columns 
and corresponding mobile phases are presented below. 
 
 
 

Column Suitable Corresponding Mobile Phase 

Dionex IonPac® 
AS20 column, 2.0 mm x 50 mm 

45 mM KOH 

Dionex IonPac® 
AG16 column, 2.0 mm x 50 mm 

2.5 mM NH4OH 

Dionex IonPac® 
AS16 column, 2.0 mm x 250 mm 

35, 45 or 55 mM KOH 
 

Metrohm 
Metrosep ASUPP5-150 column, 4.6 x 100 mm 

12.8 mM Na2CO3, 4 mM NaHCO3, 8.6 mM CH3CN 

 
 
NOTE:  These analytical columns and mobile phases are NOT listed in 

order of preference. 
 
NOTE:  The AS20 column and 45mM KOH mobile phase and the AS16 column 

and 55 mM KOH mobile phase combinations were evaluated and 
found to provide acceptable results using an IC/MS system, with 
conductivity suppression and early matrix diversion, in which 
acetonitrile, 90% and 50% concentration, respectively, was added 
post-column to aid in matrix ionization.  The AG16 column and 2.5 mM 
NH4OH mobile phase combination was evaluated and found to provide 
acceptable performance using an IC/MS/MS system, without 
conductivity suppression, matrix diversion or post-column solvent 
addition.  The AS16 column and 35 mM KOH mobile phase 
combination was evaluated and found to provide acceptable 
performance using an IC/MS/MS system, with conductivity suppression 
and early matrix diversion, in which 0.01 M NaCH3CO2 was added 
post-column to aid in matrix ionization.  The AS16 column and 45 mM 
KOH mobile phase combination was evaluated and found to provide 
acceptable results using an IC/MS/MS system, with conductivity 



 6860 - 6 Revision 0 
  January 2007 

suppression and early matrix diversion, in which 90% acetonitrile was 
added post-column to aid in matrix ionization.  The Metrohm column 
and corresponding mobile phase combination was evaluated and found 
to provide acceptable results using an IC/MS system with 
fragmentation and conductivity suppression. 

 
NOTE:  Other chromatographic conditions may be used, provided that the data 

quality meets the project-specific goals.  
 
 6.10.1.2 Matrix diversion valve – A Rheodyne® or equivalent 6-
port valve may be used if necessary to divert pre-eluting common anions to 
waste, prior to the elution of perchlorate from the analytical column.  The use of 
matrix diversion will help to reduce buildup of salt deposits in the electrospray 
source and mass spectrometer. 
  
 6.10.1.3 Guard column – An optional low-capacity anion 
exchange chromatography column may be used before the analytical column to 
remove sample impurities and prevent them from passing onto the analytical 
column.  The column is typically packed with the same material as the 
analytical column.   
 
 6.10.1.4 Conductivity suppressor – An electrolytic suppressor 
operated with an external source of reagent water.  The conductivity suppressor 
removes potassium ions from the eluent stream prior to entry into the MS.  A 
chemical conductivity suppressor is acceptable, although sulfuric acid should 
not be used as the chemical regenerant due to mass spectrometric 
interferences caused by HSO4

- at m/z 99.  Examples of conductivity 
suppressors include the Dionex Anion Self Regenerating Suppressor ASRS® 
ULTRA II, Metrohm Advanced IC Liquid Handling Suppressor Unit or 
equivalent.   
 
 6.10.1.5 Conductivity detector – A flow-through detector with an 
internal volume that does not introduce analyte band broadening.  Though not 
necessary, the conductivity detector is useful in measuring the output and 
effectiveness of the conductivity suppressor.  Examples of conductivity 
detectors include the Dionex CD25A Conductivity Detector, Metrohm Advanced 
IC Detector or equivalent.  
 

  6.10.1.6 Auxiliary pump – A single-piston isocratic pump used 
for introducing organic additives into the eluent stream just prior to introduction 
into the mass spectrometer for improved electrospray efficiency.  An example of 
such a pump is the Dionex AXP-MS or equivalent. 
 
  6.10.1.7 Static mixing tee – A mixing tee used for the 
introduction of organic additives from the auxiliary pump into the eluent stream.  
An example is the Upchurch Scientific Micro Static Mixing Tee or equivalent. 

 
 6.10.1.8 Chromatography oven – An optional temperature-
controlled chromatography oven is recommended for maintaining the 
temperature of the IC components and reducing analytical variability.  The 
chromatography oven houses the 6-port injection valve, guard and analytical 
columns, conductivity suppressor and detector and maintains the temperature 
at 30 °C.  Examples include the Dionex LC30 Chromatography Oven, Metrohm 
Advanced IC Separation Center or equivalent. 
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 6.10.2 Electrospray ionization (ESI) source – The ESI source generates 
gas phase ions of perchlorate from the liquid phase.  An example of an ESI setup is 
provided in Table 1. 
 
 6.10.3 Mass spectrometer – A single quadrupole mass spectrometer (MS), 
triple quadrupole mass spectrometer (MS/MS) or other mass analyzer.  Refer to the 
manufacturer’s instructions for instrument tuning, conditions and verification.  Tuning 
parameters are available from the instrument manufacturer, along with mass tuning 
solutions and instructions on how to optimize the mass spectrometer.  See Tables 1-3 
for examples of IC/MS and IC/MS/MS instrument parameters and settings.   

 
 6.11 Data system capable of performing analyte signal acquisition, peak integration, 
instrument calibration and analyte quantification. 
 
 6.12 Analytical balance capable of ± 0.0001 g accuracy.   
 
 6.13 Sonicator 
 
 6.14 Vortexer 
 
 6.15 Centrifuge – Adequate for clarifying soil extracts prior to filtration.  
 
 6.16 Conductivity meter capable of measuring specific conductance over a range of 
1-10,000 µS/cm. 
 
 6.17 Conductivity cell appropriate for performing measurements over the range of 1-
10,000 µS/cm. 
 
 
7.0 REAGENTS AND STANDARDS  
 
 7.1 Reagent-grade or HPLC-grade chemicals should 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 Reagent water - All references to water in the method refer to organic-free 
reagent water unless otherwise specified.  Refer to Chapter One for a definition of organic-free 
reagent water. 
 
 7.3 Acetonitrile, CH3CN, HPLC-Grade 
 
 7.4 Ammonium hydroxide, NH4OH, HPLC-grade 
 
 7.5 Potassium hydroxide, KOH 
 
 7.6 Ammonium acetate, CH3CO2NH4 
 
 7.7 Sodium carbonate, Na2CO3. 
  
 7.8 Sodium bicarbonate, NaHCO3. 
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 7.9 100 mM NH4OH – Prepare by diluting 6.8 mL of concentrated NH4OH to 1 L 
using reagent water. 
  
 7.10 2.5 mM NH4OH mobile phase – Prepare by diluting 25 mL of 100 mM NH4OH to 
1 L using reagent water. 
 
 7.11 35 mM KOH mobile phase – Prepare by dissolving 1.964 g KOH in 
approximately 700 mL reagent water.  Dilute to a final volume of 1 L using reagent water. 
 
 7.12 45 mM KOH mobile phase – Prepare by dissolving 2.525 g KOH in 
approximately 700 mL reagent water.  Dilute to a final volume of 1 L using reagent water. 
 
 7.13 55 mM KOH mobile phase – Prepare by dissolving 3.086 g KOH in 
approximately 700 mL reagent water.  Dilute to a final volume of 1 L using reagent water. 
 
 7.14 12.8 mM Na2CO3, 4 mM NaHCO3, 8.6 M CH3CN mobile phase – Prepare by 
dissolving 1.357 g Na2CO3 and 0.336 g NaHCO3 in 550 mL reagent water.  Add 450 mL CH3CN 
and mix well. 
 
 7.15 90% CH3CN post-column eluent additive – Prepare by combining 900 mL 
CH3CN with 100 mL reagent water.  This solution may be used to improve electrospray 
efficiency. 
 
 7.16 50% CH3CN post-column eluent additive – Prepare by combining 500 mL 
CH3CN with 500 mL reagent water.  This solution may be used to improve electrospray 
efficiency. 
 
 7.17 0.01 M CH3CO2NH4 post-column eluent additive – Prepare by dissolving 0.771 
g CH3CO2NH4 in approximately 700 mL reagent water.  Dilute to a final volume of 1 L using 
reagent water.  This solution may be used to improve electrospray efficiency. 
 
 7.18 Sodium chloride, NaCl. 

 
 7.19 Sodium sulfate, Na2SO4. 
 
 7.20 Sodium perchlorate, anhydrous, NaClO4, 
 
 7.21 Sodium perchlorate[18O4], anhydrous, NaCl18O4 ,≥ 90% enrichment, Isotec Inc. 
or equivalent. 
 
 7.22 Stock standard solution (1000 mg/L ClO4

-) – This solution can be purchased 
commercially as a certified standard or prepared from the sodium salt as described below (Sec. 
7.22.1).  Stock standards may be stored at room temperature for a period of up to 12 months.  
Expiration dates should be clearly specified on the label.  
 

 7.22.1 Dissolve 0.123 g of anhydrous sodium perchlorate in reagent water 
and dilute to 100 mL in a volumetric flask. 

 
 7.23 Intermediate standard solution (10 mg/L ClO4

-) – Dilute 1000 µL of stock 
standard solution (Sec. 7.22) to 100 mL with reagent water.  Intermediate standards may be 
stored at room temperature for a period of up to 12 months.  Expiration dates should be clearly 
specified on the label. 
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 7.24 Calibration standards – Prepare by using various dilutions of the intermediate 
standard solution (Sec. 7.23).  Spike each calibration each standard using the exact same 
volume of IRCS spiking solution (Sec. 7.26), such that the final IRCS concentration is exactly 
the same (i.e., approximately 5.0 µg/L Cl18O4

-) for each calibration standard.  A minimum of six 
calibration standards is recommended as well as a blank standard.  A sufficient number of 
standards should be analyzed to allow an accurate calibration curve to be established.  
Recommended standard concentrations for establishing a calibration curve are:  0.2, 0.5, 1.0, 
2.0, 5.0, and 10.0 µg/L ClO4

-.  This range may be extended provided that the linear response 
can be adequately verified through satisfaction of all calibration criteria and quality control 
requirements.  The low standard must be equivalent to or below the lowest result to be reported.  
All reported results must be within the calibration range. 
 
 7.25 IRCS stock solution (approximately 10.0 mg/L Cl18O4

-) – Dissolve 1.21 mg of 
(18O4)sodium perchlorate in reagent water and dilute to 100 mL in a volumetric flask.  Stock 
standards may be stored at room temperature for a period of up to 12 months.  Expiration dates 
should be clearly specified on the label. 
 
 7.26 IRCS spiking solution (approximately 1000 µg/L Cl18O4-) – Dilute 1.0 mL of the 
IRCS stock solution (Sec. 7.25) to 10 mL with reagent water.  Store at ≤ 6 °C when not in use.  
The solution is also available commercially.   
 
NOTE:  Each standard and sample is spiked with 50 µL of IRCS spiking solution per 10 mL of 

sample or standard to obtain a final IRCS concentration of approximately 5 µg/L Cl18O4
-.  

An alternate IRCS spiking solution volume or final IRCS concentration may be used, 
provided that it falls within the same concentration range as the external calibration 
curve.  The volume of the IRCS spiking solution added to the sample or sample 
extracts should be such that minimal dilution of the extract occurs.  Refer to 
Method 8000 for further internal standard calibration procedures.  

 
 
8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE   
 
 8.1 Collect water samples in clean, 125-mL polyethylene bottles. 
 
 8.2 Whenever possible, water samples should be sterilely filtered in the field at the 
time of collection using 0.2-µm PTFE membrane filtration in order to remove potentially 
perchlorate-degrading microbes. 
 
 8.3 For solids, collect samples in 4-oz amber glass bottles. 
 
 8.4 Extract solids within 28 days of sample acquisition. 
 
 8.5 Analyze water samples and extracts of solid samples within 28 days of 
collection or preparation, respectively. 
 
 8.6 Store all samples and extracts with headspace to reduce potential anaerobic 
biodegradation. 
 
NOTE:  Care should be taken to avoid temperature extremes during shipment and storage. 
 
 8.7 Also, see the introductory material to Chapter Three, "Inorganic Analytes". 
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9.0 QUALITY CONTROL  
 
 9.1 Refer to Chapter One for guidance on QA and QC protocols.  When 
inconsistencies exist between QC guidelines, method-specific QC criteria take precedence over 
both technique-specific criteria and those criteria given in Chapter One, and technique-specific 
QC criteria take precedence over the criteria in Chapter One.  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.  Each laboratory should maintain a formal QA 
program.  The laboratory should also maintain records to document the quality of the data 
generated.  All data sheets and quality control data should be maintained for reference or 
inspection.  

 
 9.2 Refer to Method 8000 for specific determinative method QC procedures.  Any 
more specific QC procedures provided in this method will supersede those noted in Methods 
8000 or 3600.  

 
 9.3 Quality control procedures necessary to evaluate the IC/MS system operation 
are found in Method 8000 and include calibration verification and chromatographic analysis of 
samples. 
 
 9.4 Initial demonstration of proficiency 
 
 Each laboratory must demonstrate initial proficiency with each sample preparation and 
determinative method combination it utilizes by generating data of acceptable accuracy and 
precision for the target analyte in a clean matrix.  The laboratory must also repeat the 
demonstration of proficiency whenever new staff members are trained or significant changes in 
instrumentation are made.  See Method 8000 for information on how to accomplish an initial 
demonstration of proficiency.  
 

 9.4.1 For laboratories that analyze samples containing high levels of TDS 
(i.e., > 1000 mg/L), a conductivity limit study may be performed for each individual IC/MS 
system in order to determine the approximate sample matrix conductivity that may be 
tolerated before the loss of column capacity brings about a significant reduction in 
analyte signal.  The specific conductivity of each aqueous sample or extract may be 
measured and recorded and compared to the conductivity limit (CL) in order to 
determine the approximate amount of sample dilution that may be necessary to produce 
acceptable perchlorate recovery. 
 

 9.4.1.1 Using the sodium salts of chloride, sulfate and 
carbonate, prepare a 250-mL dissolved salt solution (DSS) fortified with 0.5 
µg/L perchlorate and containing 500 mg/L each of the anions chloride, sulfate 
and carbonate (i.e. 0.206 g NaCl, 0.277 g Na2SO4, 0.221 g Na2CO3, 
respectively, in 250 mL reagent water).    

 
 9.4.1.2 Measure the specific conductivity of this solution.  It 
should be approximately 10,000 µS/cm.   
 
 9.4.1.3 Prepare a sample of the fortified DSS for analysis as 
described in Sec. 11.1.  Analyze the prepared sample as described in Sec. 
11.3.  The perchlorate recovery should be within 80-120% of the theoretical 
value and the IRCS recovery within ± 50% of that of the ICV or CCV (Sec. 9.9).  
If the recovery meets these criteria, then perchlorate may be accurately 
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analyzed in samples having a conductivity of approximately 10,000 µS/cm.  
Thus the CL, the highest matrix conductivity level from which perchlorate can 
be effectively recovered, is approximately 10,000 µS/cm.  Some IC/MS systems 
may be capable of accurately analyzing perchlorate in matrices having 
conductivities as high as 20,000 µS/cm.  If acceptable perchlorate and IRCS 
recoveries can be obtained in a 10,000 µS/cm DSS, then a higher conductivity 
DSS may be prepared in order to find the true CL of the analytical system. 
 
 9.4.1.4 If the perchlorate and IRCS recoveries do not meet the 
acceptance criteria, then decrease the anion concentrations in the DSS, while 
maintaining the perchlorate level at 0.5 µg/L.  Measure the specific conductivity 
and perchlorate concentration of this new solution.  If the perchlorate and IRCS 
recoveries meet the acceptance criteria, then the measured conductivity of this 
solution is the conductivity limit.  If not, continue to incrementally decrease the 
anion concentrations until the perchlorate and IRCS recoveries meet the 
acceptance criteria in order to establish the CL for the IC/MS system. 

 
 9.5 Before processing any samples, the analyst should demonstrate that all parts of 
the equipment in contact with the sample and reagents are interference-free.  This is 
accomplished through the analysis of a method blank.  Each time samples are extracted, 
cleaned up, and analyzed, and when there is a change in reagents, a method blank should be 
prepared and analyzed for the compounds of interest as a safeguard against chronic laboratory 
contamination.  If a peak is observed at or in close proximity to the expected retention time of 
any analyte that would prevent the determination of that analyte, determine the source and 
eliminate it, if possible, before processing the samples.  The blanks should be carried through 
all stages of sample preparation and analysis. 

 
 9.6 Initial calibration verification (ICV) – Immediately after the calibration standards 
have been analyzed, the accuracy of the calibration must be verified by the analysis of an ICV 
standard.  The ICV is prepared at a concentration level within the calibration range of the 
method and using a second source standard (prepared using standards different from the 
calibration standards) spiked into reagent water.  The control limit for the ICV is ±15% of the 
true value.  When the ICV exceeds the control limits, the analysis should be terminated, the 
problem corrected, the instrument recalibrated, and the calibration re-verified.  
 
 9.7 Continuing calibration verification (CCV) – Once the calibration curve has been 
established, the continuing accuracy must be verified by analysis of a CCV prior to conducting 
any field sample analysis, after every tenth field sample, and at the end of the analysis 
sequence.  The CCV is prepared from the intermediate standard solution (Sec. 7.23) at a 
concentration level within the calibration range of the method.  CCV concentrations alternating 
between the low- and mid-range calibration standard concentrations are recommended.  The 
control limit for the low-range CCV is ± 50% and for the mid-range CCV is ± 15% of the true 
value.  When the CCV exceeds the control limits, the analysis should be terminated, the 
problem corrected, the instrument recalibrated, and the calibration re-verified. Samples that are 
not bracketed by acceptable CCV runs must be reanalyzed. 
 
 9.8 Sample quality control for preparation and analysis. 
 
 The laboratory must also have procedures for documenting the effect of the matrix on 
method performance (precision, accuracy, method sensitivity).  At a minimum, this should 
include the analysis of QC samples including a method blank, a matrix spike, a duplicate, and a  
laboratory control sample (LCS) in each analytical batch and the addition of IRCS to each field 
sample and QC sample.  Any method blanks, matrix spike samples, and replicate samples must 
be subjected to the same analytical procedures (Sec. 11.0) as those used on actual samples. 
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 The following should be included within each analytical batch. 
 

 9.8.1 A method blank (MB) is prepared from reagent water and treated 
exactly as a field sample, including exposure to all glassware, equipment, solvents, 
filtration, and reagents that are used with field samples.  Analysis of a MB is used to 
assess contamination from the laboratory environment, equipment, and/or reagents.  A 
perchlorate concentration in the MB exceeding the lower limit of quantitation (LLOQ) 
(Sec. 9.10) indicates that contamination is present.  The source of the contamination 
should be determined and corrected prior to performing any sample analysis.  Any 
sample included in an analysis batch that has an unacceptable MB should be 
reanalyzed in a subsequent batch after the contamination problem is resolved. 
 
 9.8.2 At least one matrix spike (MS) sample should be analyzed within 
each analysis batch for determining method bias and/or sample matrix effects. 

 
 9.8.2.1 The MS %R is calculated as follows: 
 
 

100
SA

)SR - MSSR(
  R % ×=

 
 
 
Where: 
MSSR = MS sample result 
SR = Sample result 
SA = Spike added 
 
 When the sample concentration is less than the LLOQ, use SR = 0 
for purposes of calculating %R. 
 
 9.8.2.2 The method control limits for %R are 80-120% for 
water matrices and 70-130% for solid matrices.  Alternate limits may be used 
provided that they meet the data quality objectives of the specific project.  
Failure to meet the MS %R criteria indicates potential problems with the 
analytical system and/or sample matrix effects and corrective action should be 
taken to investigate and resolve the problem.  If %R is outside the control limits 
and all other QC data is within limits, a matrix effect is suspected.  The 
associated data should be flagged according to project specifications or noted 
in the comments section of the report.   
 

 9.8.3 A duplicate or matrix spike duplicate (MSD) should be analyzed 
within every analytical batch in order to establish the precision of the method.   

 
 9.8.3.1 Calculate the relative percent difference (RPD) between 
the sample and duplicate result as follows. 
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Where: 
RPD = Relative percent difference 
S = Sample or MS sample result 
D = Duplicate or MSD result 
 
 9.8.3.2 The method control limit for RPD is 15% for all sample 
concentrations that are near or above the mid-range of the calibration curve.  
The method control limit for RPD is 50% for sample concentrations that are 
near the low-range of the calibration curve.  Alternate limits may be used 
provided that they meet the data quality objectives of the specific project.  
Failure to meet the duplicate RPD criteria indicates potential problems with the 
analytical system and/or sample matrix effects and corrective action should be 
taken to investigate and resolve the problem.   

 
 9.8.4 An LCS is prepared as described in Chapter One and treated 
exactly as a field sample, including exposure to all glassware, equipment, solvents, 
filtration, and reagents that are used with field samples.  Data produced are used to 
assess efficiency of the instrument performance and preparation procedures.  The %R 
of the LCS should be within 80–120%.  Alternate limits, may be used for specific 
projects.  If the LCS %R is outside the specified control limits, corrective action should 
be undertaken to resolve the problem and the preparation batch in question should be 
re-prepared and reanalyzed. 
 
NOTE:  A high TDS QC standard may also be analyzed to further demonstrate sufficient 

analyte separation and lack of excessive ionization suppression.  The standard 
should be prepared at the mid-range concentration level and contain each of the 
anions, chloride, carbonate and sulfate, at an equivalent concentration level, 
such that the final specific conducitivity of the solution is approximately 
equivalent to the samples being analyzed.  The %R of the high TDS QC 
standard should be within 80–120%. 

 
 9.9 IRCS response verification – The IRCS area counts for each sample and QC 
standard must be monitored throughout the analysis and compared with the average of the 
IRCS area counts of the calibration standards, if the calibration is performed on the same day 
as the analysis, or otherwise, using either the ICV or the first CCV of the analytical batch, 
whichever is appropriate, if using a calibration curve established during a previous analytical 
run.  If the IRCS area counts exceed ± 50% that of the ICV or CCV, a second sample aliquot 
should be analyzed.  If the IRCS area count of second sample aliquot still exceeds the criterion, 
then check the area count of the most recent CCV.  If the criterion is met in the most recent 
CCV and not the sample, then the sample result should be considered to be suspect.  The 
associated data should be flagged according to project specifications or noted in the comments 
section of the report.  If the IRCS area count criterion is not met in either the sample or the most 
recent CCV, then corrective action, such as instrument maintenance, should be undertaken to 
resolve the problem and the entire preparation batch in question should be re-prepared and 
reanalyzed. 

 
 9.10 The laboratory should establish the LLOQ as the lowest point of quantitation or 
in most cases the lowest point in the calibration curve which is less than or equal to the desired 
regulatory action levels based on the stated project-specific requirements.  Analysis of a 
standard prepared at the LLOQ concentration level or use of the LLOQ as the lowest point 
calibration standard provides confirmation of the established sensitivity of the method.  The 
LLOQ recovery must be within 50% of the true value to verify the data reporting limit.  The low-
range CCV standard (Sec. 9.7) may also serve as the LLOQ verification for confirming method 
sensitivity. 
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 9.11 It is recommended that the laboratory adopt additional QA practices for use with 
this method.  The specific practices that are most productive depend upon the needs of the 
laboratory and the nature of the samples.  Whenever possible, the laboratory should analyze 
standard reference materials and participate in relevant performance evaluation studies. 
 
 
10.0 CALIBRATION AND STANDARDIZATION   
 
 10.1 ESI/MS system – Refer to the manufacturer's instructions for instrument tuning 
and conditions.   
 
 10.2 IC/MS system 
 

 10.2.1 Prepare the calibration standards as outlined in Sec. 7.24. 
 
 10.2.2 Inject an equivalent volume of each calibration standard into the IC.  
Use an injection volume that is optimal for the specific column and instrument system.  
An injection volume of 100 µL is recommended. 
  
 10.2.3 Establish the initial calibration curve by plotting the area ratio 
response for each standard against the concentration using the internal standard 
calibration method.  For a first-order linear regression calibration model (i.e., y = ax + b 
function), the acceptance criterion for the calibration curve should be a correlation 
coefficient of 0.995 or higher.  If a second-order or third-order, polynomial linear 
regression model is used (i.e., y = ax2 + bx + c or y = ax3 + bx2 + cx + d), the weighted 
coefficient of determination (COD) should be 0.995 or higher.  Refer to Method 8000 for 
guidance on internal standard calibration. 
 
 10.2.4 Verify the accuracy of the initial calibration curve as described in 
Sec. 9.6  before proceeding to analyze samples. 
 
NOTE:  A retention time window study is not necessary when using internal standard 

calibration (See Method 8000 for further details).  However, it is always a good 
practice and can be a useful diagnostic tool to monitor analyte and IRCS 
retention times and peak area counts in all samples and QC standards, 
including blanks, to effectively observe drifting method performance, poor 
injection execution, unintended changes in eluent strength or flow rates, column 
overloading, and high ionic matrix effects or fouling, so as to anticipate the need 
for system inspection and/or maintenance. 

 
 
11.0 PROCEDURE  

 
 11.1 Water sample preparation 

 
 11.1.1 Dispense 10.0 mL of sample or standard into a 15-mL disposable 
centrifuge tube.   

 
 11.1.2 Add 50 µL of IRCS spiking solution (Sec. 7.26) to the sample tube, 
cap and shake until mixed well.  
 



 6860 - 15 Revision 0 
  January 2007 

NOTE:  The final concentration of IRCS in the sample extract must be exactly the same 
as that in the calibration standards (Sec. 7.24).  Proportionally smaller volumes 
of sample and IRCS may be used to reduce laboratory waste or when limited 
sample volume is supplied to the laboratory. 

 
 11.1.3 Filter the sample solution using a plastic syringe fitted with an 0.45-
µm or 0.2-µm PTFE membrane filter.  Dispense the sample into an autosampler vial for 
analysis. 
 
NOTE:  Filtration may be omitted for calibration standards and for samples that have 

been previously filtered in the field (Sec. 8.2). 
 

NOTE:  If a CL has been determined (Sec. 9.4.1), a separate aliquot of sample may be 
used to determine its matrix conductivity for comparison against the CL in order 
to determine the need for sample dilution prior to analysis. 

 
 11.1.4 Proceed to Sec. 11.3. 

 
 11.2 Solid sample preparation   

 
 11.2.1 Weigh 1 g of solid sample, recording the weight to 0.01 g.  Transfer 
the sample to a 15-mL centrifuge tube.  
 
 11.2.2 Add a sufficient quantity of reagent water to the 15-mL centrifuge 
tube containing the sample to bring the total volume to 10 mL.   
 
 11.2.3 Add 50 µL of IRCS spiking solution (Sec. 7.26) to the sample tube.   
 
NOTE:  The final concentration of IRCS in the sample must be exactly the same as that 

in the calibration standards (Sec. 7.24). 
 
 11.2.4 Vortex the mixture, followed by sonication for a minimum of 10 
minutes, followed by additional vortexing.   
 
 11.2.5 Centrifuge the sample for 5 min, if necessary, to separate the solids 
from the extract solution.  Use centrifuge settings that provide a visibly adequate 
separation and yield a clear extract solution. 
 
 11.2.6 Filter the supernatant extract solution using a plastic syringe fitted 
with an 0.45-µm or 0.2-µm PTFE membrane filter.  Dispense the extract sample into an 
autosampler vial for analysis. 
 
 11.2.7 If large quantities of organic contaminants are not believed to be 
present in the solid sample extract (i.e., supernatant extract is relatively clear and not 
highly colored), proceed to Sec. 11.3.  If necessary, however, a cleanup step using a C18 
column may be performed to remove organic contaminants from the supernatant extract 
solution.  The C18 column cleanup step is described in Secs. 11.2.7.1-11.2.7.5.  
However, other cleanup cartridges or procedures may be used as long as the data 
quality meets the project-specific goals.  Alternate cleanup columns and media include 
the Supelclean™ ENVI Carb-II column from Supelco or graphitized carbon by United 
Chemical Technologies, Inc.  Follow the manufacturer's instructions for use. 
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 11.2.7.1 Activate the C18 cartridge column (Sec. 6.9) by pushing 
approximately 5 mL of methanol through the column, followed by 5 mL of 
reagent water.  A flow rate of approximately 0.5 mL/min is recommended.  Care 
should be taken not to let the column become dry.   
 
 11.2.7.2 Using gentle pressure, push approximately 6 mL of the 
supernatant extract solution through the activated column.   

 
 11.2.7.3 Discard the first 2 mL of eluted sample extract.  

 
NOTE:  The initially eluted sample extract is discarded because it is diluted by 

the solution remaining in the column following the activation process. 
 

 11.2.7.4 Collect the remaining eluted sample extract 
(approximately 4 mL) in a clean container.   

 
NOTE:  Quantitative recovery of the eluted extract sample is not necessary 

because there is no dilution or concentration of the sample.   
 
 11.2.7.5 Filter the eluted extract using a plastic syringe fitted with a 
0.45-µm or 0.2-µm PTFE membrane filter.  Dispense the extract sample into an 
autosampler vial for analysis.   
 

 NOTE:  If a CL has been determined (Sec. 9.4.1), a separate aliquot of sample 
may be used to measure its matrix conductivity for comparison against 
the CL in order to determine the need for sample dilution or cleanup 
prior to analysis.  A proportionally larger volume extract solution may 
need to be prepared in order to provide enough sample quantity for 
such a conductivity measurement. 

  
 NOTE:  Evaluation studies have demonstrated that the use of alternate 

extraction methods may achieve improved perchlorate recoveries in 
matrices such as wastewater treatment sludges (See Sec. 13.2).  
Based on knowledge of the matrix of interest, the method user may 
consider an alternate extraction procedure to the primary method (Sec. 
11.2) for extracting perchlorate from solids.  The method user should 
ensure that the data quality obtained using any alternate extraction 
procedure meets the project-specific goals. 

 
 11.2.7.6 Proceed to Sec. 11.3. 

 
 11.3 Water and extract sample analysis  
 

 11.3.1 Set up the IC/MS instrumentation.  Examples of suitable settings for 
IC and MS instruments are provided in Tables 1-3.   
 
 11.3.2 With mobile phase running through the system, establish a stable 
baseline.  This should take approximately 15-30 min.   
 
 11.3.3 Establish a valid initial calibration as outlined in Sec. 10.2.  
Examples of chromatograms are provided in Figures 2 and 3. 
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 11.3.4 Inject a suitable volume of sample into the IC instrument.  Use an 
injection volume that is optimal for the specific analytical column and instrument system.  
An injection volume of 100 µL is recommended.  The volume of sample injected must be 
consistent with that used for calibration (Sec. 10.2.2).  Record the resulting perchlorate 
peak size at m/z 99 (or 83), 101 (or 85) and 107 (or 89) in area units as well as the peak 
retention times.   
 
 11.3.5 If the peak area response exceeds the calibration range of the 
system, dilute the sample and reanalyze. 
 
 11.3.6 If the IRCS peak area response exceeds the ± 50% criterion, 
reanalyze a fresh aliquot of the sample (See Sec. 9.9). 

 
 
12.0 DATA ANALYSIS AND CALCULATIONS  
 
 12.1 Identify and confirm the presence of perchlorate in all analytical and QC sample 
chromatograms: 

 
 12.1.1 Compare the retention times of the ClO4

- m/z 99 peak (or ClO3
- m/z 

83 peak) and the IRCS Cl18O4
- m/z 107 peak (or Cl18O3

- m/z 89 peak).  The retention 
times should not vary by more than 0.2 min.   
 
 12.1.2 Evaluate the relative abundances of the ClO4

- m/z 99 (or ClO3
- m/z 

83) and 37ClO4
- m/z 101 (or 37ClO3

- m/z 85) ions in the chromatogram.  To confirm the 
presence of perchlorate, the 99/101 (or 83/85) peak area count ratio should be within ± 
30% of the average peak area count ratio of the mid-range calibration standard, if the 
calibration is performed on the same day as the analysis, or otherwise, using the 
average peak area count ratios of all of the CCV runs of the analytical batch, whichever 
is appropriate. 
 
NOTE:  All samples and QC standards should meet the ± 30% 83/85 (or 99/101) peak 

area counts ratio criterion, including those that are at or near the LLOQ.  The 
failure of any low-range concentration samples or QC standards to meet this 
criterion is an indication that the method is not sensitive enough to measure 
accurately at the established LLOQ.  In such cases, method sensitivity studies 
should be undertaken to establish a higher, more representative LLOQ.   

  
 12.2 Calculate the perchlorate concentration for each sample and QC standard 
using the internal standard calculation described in Method 8000.  Use ClO4

- m/z 99 (or ClO3
- 

m/z 83) and Cl18O4
- m/z 107 (or Cl18O3

- m/z 89) from the IRCS for quantitation.  Report the 
concentration of each of the sample matrices as follows:   
 

 12.2.1 Water samples 
 

Final result (µg/L ClO4
-) = (C)(D) 

 
Where: 
C = Concentration from calibration curve (µg/L ClO4

-) 
D = Dilution factor (if needed) 
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 12.2.2 Solid samples 
 
 

Final result (µg/g ClO4
-) =

M
(C)(V)(D)
  

 
 

Where: 
C = Concentration in extract from calibration curve (µg/L ClO4

-) 
V = Final volume of sample extraction solution (L) 
D = Dilution factor (if needed) 
M = Mass of initial sample extracted (g)  

 
 
13.0 METHOD PERFORMANCE  
 

 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. 

  
 13.1 The instrumentation and chromatographic options described in this method 
have been evaluated in a round robin study for a variety of environmental matrices.  The results 
of the interlaboratory validation testing are summarized in Table 4.  These data are provided for 
guidance purposes only. 
 
 13.2 Comparative results obtained for soils and wastewater treatment sludges using 
the primary extraction method (Sec. 11.2) versus alternate extraction methods are presented in 
Table 5.  Nearly equivalent results were obtained for soils using the various extraction 
techniques.  However, the results varied significantly when using different extraction techniques 
for the analysis of wastewater treatment sludges (See Table 5).  These data are provided for 
guidance purposes only. 
 
 
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 operations.  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. 
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15.0 WASTE MANAGEMENT  
 
 15.1 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. 
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17.0 TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION DATA    
 
 The following pages contain the tables and figures referenced by this method.  A flow 
diagram of the procedure follows the tables and figures. 
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TABLE 1 
 

EXAMPLE INSTRUMENT SETTINGS FOR IC/MSa 
 
 

IC Parameters and Settings 

Injection Volume 100 µL 

Columns: IonPac® AG20 guard column 

IonPac® AS20 separator column 

Eluent: 45 mM KOH 

• Isocratic 

• 0.3 mL/min 

IC Oven Temperature: 30 °C 

Conductivity Suppressor: ASRS MS, 2 mm 

• External water mode, 15 psi 

• 50 mA 

Matrix Diversion Time: 2-9 min 

Auxiliary Pump: 90% CH3CN 

• 0.2 mL/min 

Mass Spectrometer Parameters and Settings 

ESI Polarity: Negative 

Cone Voltage: 70 V 

ESI Probe Voltage: -3 kV 

ESI Probe Temperature: 400 °C 

SIM Channels: 99, 101 and 107 m/z 

SIM Span: 0.3 amu 

Dwell Time: 0.3 sec for each channel 

Nitrogen Pressure: 70 psi 

 
aBased on a Dionex Corp. ICS 2500 Ion Chromatography System and MSQ™ Plus Mass Spectrometric 
Detector 
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TABLE 2 
 

EXAMPLE INSTRUMENT SETTINGS FOR IC/MS/MSa 
 
 

IC Parameters and Settings 

Injection Volume: 250 µL 

Columns: IonPac® AG16 guard column 

IonPac® AS16 separator column 

Eluent: 35 mM KOH 

• Isocratic 

• 0.3 mL/min 

IC Oven Temperature: 30 °C 

Conductivity Suppressor: ASRS MS, 2 mm 

• External water mode, 15 psi 

• 50 mA 

Auxiliary Pump: 0.01 M CH3CO2NH4 

• 0.1 mL/min 

Mass Spectrometer Parameters and Settings 

ESI Polarity: Negative 

Capillary Current: 0.5 kV 

Multiplier Voltage: 650 V 

Desolvation Temperature: 500 °C 

Source Temperature: 120 °C 

Desolvation Gas Flow: 500 L/hr 

Cone Gas Flow: 50 L/hr 

 
aBased on a Dionex Corp. DX-600 Ion Chromatography System and Waters Micromass Quattro Ultima 
Mass Spectrometric Detector 
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TABLE 3 
 

EXAMPLE INSTRUMENT SETTINGS FOR IC/MS WITH FRAGMENTATIONa 
 

IC Parameters and Settings 

Injection Volume: 100 µL 

Columns: Metrosep RP guard column 

Metrosep ASUPP5-150 separator column 

Column Temperature: 35 °C 

Eluent: 12.8 mM Na2CO3, 4 mM NaHCO3, 8.6 mM CH3CN 

• Isocratic 

• 0.7 mL/min 

Conductivity Suppressor: Metrohm 833 Suppressor Module 

• 100 mM HNO3 

• 0.5 mL/min 

• Reagent water rinse 

Mass Spectrometer Parameters and Settings 

Scan Mode: Single Ion Monitoring 

ESI Polarity: Negative 

Tune File: "Autotune" – Electrospray Negative Mode 

Fragmentor Voltage: 
• 100 V 

• 210 V for in-source fragmentation 

Desolvation Temperature: 350 °C 

Desolvation Gas: 
• N2 

• 10 L/min 

Source Temperature: 100 °C 

Resolution: 0.1 amu 

Capillary Voltage: -1500 V 

 
aBased on a Metrohm Advanced IC System and Agilent 1100SL Mass Spectrometric Detector 
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TABLE 4 
 

RESULTS OF INTERLABORATORY TESTING FOR PERCHLORATE BY IC/MS AND IC/MS/MSa 
 

 
Phase I:  Initial 

Demonstration of 
Proficiency 

Phase II:  Real-world Matrices 

Matrix Reagent Water Salt Water Soil 

ID 1 2 1 2 1 2 3 QC Standardb 

Selected Matrix Characterization Data 

Conductivityc < 1 µS/cm < 1 µS/cm 44,600 µS/cm 44,600 µS/cm 243 µS/cm 243 µS/cm 3200 µS/cm d 

Aluminum --- --- d d 3700 mg/kg 3700 mg/kg 3700 mg/kg d 

Calcium --- --- 299 g/L 299 g/L 8900 mg/kg 8900 mg/kg 8900 mg/kg d 

Iron --- --- d d 3120 mg/kg 3120 mg/kg 3120 mg/kg d 

Magnesium --- --- 1050 g/L 1050 g/L 288 mg/kg 288 mg/kg 288 mg/kg d 

Potassium --- --- 332 g/L 332 g/L 138 mg/kg 138 mg/kg 138 mg/kg d 

Sodium < 5 µg/L < 5 µg/L 9910 g/L 9910 g/L e e e d 

TOC < 50 µg/L < 50 µg/L d d 670 mg/kg 670 mg/kg 670 mg/kg d 

Round Robin Testing Results 
Number of 
Laboratories 7 7 7 7 8 7 8 7 

Perchlorate True 
Value 1.75 µg/L 47.0 µg/L 1.70 µg/L 8.30 µg/L 16.0 µg/kg 150 µg/kg 63.0 µg/kg 564 µg/kg 

Relative Bias -7.56% -5.56% -1.15% -2.76% -14.4% -9.38% -7.59% -14.1% 

Repeatabilityf 

(RSD) 4.47% 2.70% 7.22% 5.11% 8.59% 3.76% 3.61% 8.53% 

Reproducibilityg 

(RSD) 9.52% 6.57% 14.8% 9.59% 11.5% 6.84% 11.0% 10.7% 

 
aSamples were prepared and analyzed using the conditions described in the test method. 
bSoil and Hazardous Waste QC Standard, Wibby™ Environmental, Inc., Golden, Colorado. 
cFor solids, the conductivity values were based on a 1 g/10 mL extraction solution. 
dNot determined 

eNot detected 
fIntralaboratory precision 
gInterlaboratory precision 

 

Data taken from References 1-3.  These data are provided for guidance purposes only. 
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TABLE 5 
 

COMPARATIVE PERCHLORATE TESTING RESULTS USING DIFFERENT EXTRACTION TECHNIQUES®a-f 
 

Matrix ID Soil 1f Soil 2f Soil 3f Soil QC Standardg,h 

Comparative Testing Results 

Extraction Solvent RW ASE® 50% 
CH3CN 

M-P RW ASE® 50% 
CH3CN 

M-P RW ASE® 50% 
CH3CN 

M-P RW ASE® 50% 
CH3CN 

M-P 

Measured Perchlorate 
Concentration (mg/kg) 12.5 13.7 14.8 14 130 136 147 130 56.4 57.3 55.7 62 445 491 j j 

Repeatability (RSD) 
(%) 10.0 23.7 i i 3.05 2.02 i i 4.87 3.14 i i 6.52 14.0 j j 

Matrix ID Sludge 1 Sludge 2 Sludge 3 

Selected Matrix Characterization Data 

Conductivityk 5100 µS/cm 5100 µS/cm 26000 µS/cm 

Aluminum 3220 mg/kg 3220 mg/kg 3220 mg/kg 

Calcium 42.4 g/kg 42.4 g/kg 42.4 g/kg 

Iron 17.3 g/kg 17.3 g/kg 17.3 g/kg 

Magnesium 6390 mg/kg 6390 mg/kg 6390 mg/kg 

Potassium 3100 mg/kg 3100 mg/kg 3100 mg/kg 

Sodium 4820 mg/kg 4820 mg/kg 4820 mg/kg 

TOC 4880 mg/kg 4880 mg/kg 4880 mg/kg 

Comparative Testing Results 

Extraction Solvent RW ASE® 50% 
CH3CN 

M-P RW ASE® 50% 
CH3CN 

M-P RW ASE® 50% 
CH3CN 

M-P 

Measured Perchlorate 
Concentration (mg/kg) 2.73 13.9 54.3 25 4.99 13.9 123 130 38.2 46.5 119 120 

Repeatability (RSD) 
(%) 3.38 20.6 i i 4.79 7.46 i i 5.92 8.26 i i 
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TABLE 5 CONTINUED 
 

aReagent water (RW) extracts were prepared using the conditions described in the test method. 
bASE® extracts were prepared as described in Figure 4. 
cRW soil extracts and ASE® soil and sludge extracts were analyzed by IC/MS with conductivity suppression using a Dionex IonPac® AG20/AS20 column with 45 
mM KOH mobile phase and early matrix diversion, in which 90% acetonitrile was added post-column. 
dAcetonitrile extracts were prepared similarly to the RW extracts, except using 50% (v/v) CH3CN solution.  See Reference 4 for more information. 
eMetrohm-Peak (MP) extracts were prepared as described in Table 6.   
fRW sludge extracts and all 50% CH3CN and M-P extracts were analyzed by IC/MS/MS with conductivity suppression using a Dionex IonPac® AS16 column with 
35 mM KOH mobile phase and early matrix diversion, in which 0.01 M NaCH3CO2 was added post-column.   
gSee Table 4 for soil matrix true values and characterization data. 
hSoil and Hazardous Waste QC Standard, Wibby™ Environmental, Inc., Golden, Colorado. 
iResult based on a single analysis. 
jNot analyzed. 
kBased on a 1 g/10 mL extraction solution 
lAnalysis results could not be effectively computed due to the poor chromatographic quality resulting from interferences in the sample extract matrix. 
 
 
 
 
Data taken from Reference 5.  These data are provided for guidance purposes only. 
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TABLE 6 
 

METROHM-PEAK ACID-BASED EXTRACTION AND CLEANUP PROCEDURE FOR THE 
ANALYSIS OF SOLID MATRICES 

 
 

Step 1: Prepare the extraction solution with a final concentration of 15 mM HCl and 
5 mM HNO3.   
 

Step 2: Add internal standard to a 15 mL centrifuge tube.  To that same tube add 
1 g of soil or sludge (having recorded the exact weight used to within 0.01 
g) and 10 mL of the extraction solution from Step 1.   
   

Step 3: Vortex, sonicate and centrifuge the sample mixture, as described in this 
test method.  
 

Step 4: Filter the supernatant extract solution as described in the test method. 
 

Step 5: Prepare a 500 mg x 6 mL Supelclean ENVI-Carb SPE cleanup cartridge 
(PN# 57094) by passing 0.5 mL of fresh extraction solution from Step 1 
through it.  Discard the effluent from the cartridge. 
 

Step 6: Process the filtered supernatant extract solution from Step 4 through the 
prepared cleanup cartridge from Step 5. 
 

Step 7: Analyze the processed, filtered supernatant from Step 6 for perchlorate by 
IC/MS. 
 

 
 
 
Procedure obtained from Reference 6. 
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FIGURE 1 
 

EXAMPLE IC/MS INSTRUMENTATION SET-UP 
 
 
 

 
 
 

 
 

                                         (CD = Conductivity detector) 
 
 
 

 
 
 

 
 
 

Figure obtained from R. Slingsby; (408) 481-4542; Rosanne.Slingsby@dionex.com 
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FIGURE 2 
 

EXAMPLE REAGENT WATER SAMPLE CHROMATOGRAM CONTAINING 0.01 µg/L 
PERCHLORATE AND OBTAINED USING A DIONEX IONPAC® AS16 COLUMN AND 

IC/MS/MS ANALYSIS 
 
 

 
 
 
Figure obtained from R. Burrows; (303) 736-0100; rburrows@stl-inc.com 
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FIGURE 3 
 

EXAMPLE SOIL EXTRACT CHROMATOGRAM OBTAINED USING A 
METROSEP ASUPP5-150 COLUMN AND IC/MS ANALYSIS WITH FRAGMENTATION 
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Figure obtained from J. Gandhi; (281) 484-5000; jay@mp-ic.com and J. Mathew; (281) 983-2132; mathew.johnson@usepa.gov 
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FIGURE 4 
 

IN-LINE ASE® SAMPLE PREPARATION METHOD FOR THE DETERMINATION OF 
PERCHLORATE IN SELECTED SOILS AND WASTEWATER TREATMENT SLUDGES 

 

 
 
 
 
Figure obtained from R. Slingsby; (408) 481-4542; Rosanne.Slingsby@dionex.com 
 
 

  
 
 
 
 
 

 

2 g OnGuard H 

3 g OnGuard Ag 

2 g OnGuard Ba 

  6 g Basic Alumina 

2 g OnGuard RP 

ASE PrepDE/Soil 
or Sludge/ISTD 

Flow 

Filter,GF 
 
Filter,GF 
 
 
Filter,GF 
 
Filter,GF 

 
Filter,GF 
 
Filter,GF 
Filter, C 
Filter,GF

Extraction Conditions 
Cell Volume: 33 mL 
Solvent: Water 
Pressure: 1500 psi 
Temperature: 80oC 
Heating time: 5 min. 
Static time: 5 min. 
Flush volume: 30% of cell volume 
Nitrogen Purge time: 120 sec 
Number of cycles: 3 
Filters:  PVDF, 0.45 µm, 25 mm (off-line filter) 
              C= Cellulose Filter, 19.8 mm 
              GF= Glass Fiber Filter, 19.8 mm 
 

ASE Cell Configuration 



6860 - 31                                                                                           Revision 0 
   January 2007 

METHOD 6860 
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METHOD 6850 
 

PERCHLORATE IN WATER, SOILS AND SOLID WASTES USING 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY/ELECTROSPRAY IONIZATION /MASS 

SPECTROMETRY (HPLC/ESI/MS OR HPLC/ESI/MS/MS) 
 
 
 
 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 uses high performance liquid chromatography (HPLC) coupled 
with electrospray ionization (ESI) mass spectrometry (MS) or tandem mass spectrometry 
(MS/MS) for the determination of perchlorate in surface water, groundwater, wastewater, salt 
water and soil (See Refs. 1-4).  The following analyte has been determined by this method: 
 
 

Analyte CAS No.a 

ClO4
- 14797-73-0 

 
aChemical Abstract Service Registry Number 

 
 
 1.2 This method has not been fully validated for complex matrices, such as 
wastewater treatment sludges, using the recommended extraction procedure.  Additional 
studies are necessary to confirm whether alternate extraction approaches are able to provide 
more efficient perchlorate recoveries. 
 
 1.3 Prior to employing this method, analysts are advised to consult the base 
method for each type of procedure that may be employed in the overall analysis (e.g., Methods 
3500, 3600, and 8000) for additional information on quality control procedures, development of 
QC acceptance criteria, calculations, and general guidance.  Analysts also 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. 
 
 1.4 Use of this method is restricted to use by, or under supervision of, personnel 
appropriately experienced and properly trained in the use of HPLC/MS or HPLC/MS/MS 
instrumentation and skilled in the interpretation of mass spectra.  Each analyst must 
demonstrate the ability to generate acceptable results with this method. 
 
 
2.0 SUMMARY OF METHOD   
 
 2.1 Perchlorate is separated, detected and quantified using one of three instrument 
system options as described in Secs. 2.1.1-2.1.3. 
  

 2.1.1 HPLC/MS with fragmentation – An appropriate volume of sample or 
sample extract is introduced into a HPLC/MS instrument.  Perchlorate (ClO4

-) is 
separated by HPLC from the sample matrix, ionized via negative electrospray ionization, 
partially fragmented and detected by MS using mass-to-charge (m/z) ratios 83 (ClO3

-), 
85 (37ClO3

-) and 89 (Cl18O3
-).  Quantitation is performed using m/z 83 and internal 

standard calibration.  Isotopically-labeled perchlorate (Cl18O4
-), serves as an internal 

recovery and calibration standard (IRCS) to correct for perchlorate loss from the sample 
preparation as well as in the HPLC/MS.  The 83/85 isotopic ratio reflects the isotopic 
ratio of naturally occurring 35Cl/37Cl and is used for additional confirmation of perchlorate 
identification.   

 
 2.1.2 HPLC/MS/MS – Following HPLC separation and ionization, the 
perchlorate is isolated in the first mass spectrometer and transferred to a collision cell for 
fragmentation.  The resulting fragments 83 (ClO3

-), 85 (37ClO3
-) and 89 (Cl18O3

-) are 
introduced into the second mass spectrometer where they are detected and quantified. 
 
 2.1.3 HPLC/MS without fragmentation – This alternate analysis option is 
similar to Sec. 2.1.1, except that the separated perchlorate is detected and quantified 
without fragmentation.  The m/z ratios used for analysis in this case are 99 (ClO4

-), 101 
(37ClO4

-) and 107 (Cl18O4
-).  HPLC/MS without fragmentation was not evaluated for 

performance.  However, this alternate option may be used, provided that it generates 
data of acceptable quality, such that the data meet the quality assurance (QA) and 
quality control (QC) criteria established in this test method or otherwise meet project-
specific goals. 
 

 2.2 Solids are first extracted prior to analysis using reagent water (Sec. 11.2).  The 
filtered extracts are then analyzed by HPLC/MS or HPLC/MS/MS as described in Sec. 11.3.   
 
 2.3 Matrix diversion may be used prior to perchlorate introduction to minimize the 
accumulation of salt deposits in the electrospray source and mass spectrometer (Sec. 6.10.1.2). 
 
 
3.0 DEFINITIONS  
 
 Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions 
that may be relevant to this procedure. 
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4.0 INTERFERENCES  
 
 4.1 Solvents, reagents, glassware, and other sample processing hardware may 
yield artifacts and/or interferences to sample analysis.  All of these materials must be 
demonstrated to be free from interferences under the conditions of the analysis by analyzing 
method blanks.  Specific selection of reagents and purification of solvents by distillation in all-
glass systems may be necessary.  Refer to Chapter Three for general guidance on the cleaning 
of glassware. 
 
 4.2 All reagent solutions and samples (including QC samples) should be filtered 
through 0.45-µm nominal pore size or smaller (e.g., 0.2-µm) membrane or frit to remove 
particulates and prevent damage to the instrument, columns and flow systems.  Filters 
specifically designed for IC or HPLC applications should be used. 
 
 4.3 Hydrogen sulfate ion (H34SO4

-), m/z 99, formed from a minor sulfur isotope, is 
commonly present in samples.  H34SO4

- elutes before perchlorate but at high concentrations can 
tail into the retention time of the perchlorate peak and elevate its baseline at m/z 99.  
Quantitation of perchlorate based on m/z 83, 85 and 89 avoids this potential interference from 
H34SO4

-.   
 
 4.4. Retention time shifts may occur as competing anions in the sample take up 
active sites on the stationary phase.  In such samples, perchlorate will elute earlier than in the 
calibration standards.  The Cl18O4

- peak from the IRCS will also shift, and therefore is used to 
confirm the identification of the native perchlorate peak. 

 
 4.5 Potential problems may arise when analyzing samples containing high levels of 
total dissolved solids (TDS) (i.e. salts of chloride, sulfate, carbonate/bicarbonate, etc.).  
Ionization suppression can occur when high levels of dissolved salts are introduced into the 
mass spectrometer, resulting in a reduction in the perchlorate analyte peak.  The degree of 
ionization suppression will depend on the type and concentration of interfering ions present, and 
whether or not they overlap with perchlorate when eluted.  The Cl18O4

- peak from the IRCS will 
similarly be affected and the internal standard calibration will correct for this effect.  However, 
significant ionization suppression can result in failure to meet the ± 50% IRCS response 
verification acceptance criterion (Sec. 9.9).  Additionally, ionization suppression can result in the 
complete loss of the analyte signal, particularly when the perchlorate levels of the sample are at 
or near the lower limit of quantitation (LLOQ) (Sec. 9.10).  Sample dilution, the use of a smaller 
injection volume or sample cleanup can be used to help minimize this effect. 

 
 4.5.1 A conductivity limit study (Sec. 9.4.1) may be performed in order to 
determine the approximate level of TDS that can be tolerated by a particular HPLC/MS 
system before deleterious effects to chromatographic performance and quantification 
occur.  

 
 
5.0 SAFETY 
 
 5.1 This method does not address all safety issues associated with its use.  The 
laboratory 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. 
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 5.2 Protective clothing should be worn when working with corrosive or potentially 
corrosive materials or samples. 
 
 5.4 Normal, accepted laboratory safety practices should be followed during reagent 
preparation and instrument operation. 
 
 5.5 The toxicity or carcinogenicity of each reagent used in this method have not 
been fully established.  Each chemical should be regarded as a potential health hazard and 
exposure should be as low as reasonably achievable. 

 
 

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 
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. 
 

This section does not list common laboratory glassware (e.g., beakers and flasks). 
 
 6.1 Volumetric flasks, 100-mL and other sizes as needed. 
 
 6.2 Automatic precision pipetters and disposable tips – 10-10,000 µL capacity. 
 
 6.3 Disposable autosampler vials. 
 
 6.4 Disposable plastic centrifuge tubes – 15- and 50-mL. 
 
 6.5 Disposable plastic micro-beakers. 
 
 6.6 Sample bottles – polyethylene or glass of sufficient volume to allow replicate 
analyses. 
 
 6.7 Disposable 0.45-µm or 0.2-µm, surfactant-free, PTFE-membrane syringe filters. 
 
 6.8 Plastic 5-mL luer-lock syringes or equivalent. 
 
 6.9 C18 (2000 mg) chromatography columns or equivalent for extract solution 
cleanup. 
 
 6.10 High performance liquid chromatograph/mass spectrometer – An analytical 
system combining a high performance liquid chromatograph for separation of the sample 
components, electrospray ionization source and mass spectrometer for fragmentation and 
detection of sample components.  A single state MS instrument with fragmentation or an MS/MS 
instrument is preferred due to superior selectivity.  An example of such a system is the Agilent 
1100 LC/MSD or equivalent.  The respective instrument components are provided below.   
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 6.10.1 High performance liquid chromatograph – The instrument should 
contain a programmable solvent delivery system and all necessary accessories including 
injection loop, analytical columns, column heater, chromatography pump, in-line 
degasser, etc.  If a solvent gradient is used to obtain separation, then a binary solvent 
delivery system is necessary.  The chromatographic system must be capable of 
interfacing with a mass spectrometer.   

 
 6.10.1.1. Analytical column – Any column capable of providing 
adequate separation of perchlorate from the sample matrix may be used.  
Several different analytical column/mobile phase conditions have been 
evaluated and found to be suitable for use in perchlorate quantitation.  
Examples of suitable columns and corresponding mobile phases are presented 
below. 
 

 

Column Suitable Corresponding Mobile Phase 

K’ (Prime) Technologies, Inc. 
Reversed-phase, HPLC column, 4 x 250 mm, 

PN KP-RPPX250 

9.6 M CH3CN, 0.035 mM CH3CO2H 

Waters IC-Pak™ 
Anion HR column, 4.6 x 75 mm 

100 mM CH3CO2NH4, 9.6 M CH3CN 
or 

25 mM NH4HCO3, 9.6 M CH3CN, pH 10 

Dionex IonPac® 
AG16 column, 2.0 x 50 mm 

0.2 mM CH3CO2NH4, 2 mM NH4OH 

Dionex IonPac® 
AS16 column, 2.0 x 250 mm 

65 mM KOH, 9.88 M CH3OH 

Dionex IonPac® 
AS21 column, 2.0 x 250 mm 

231 mM CH3NH2 
(See note below regarding the use of 

Vespel®-blend rotor seals)   

Metrohm 
LCMS column-1, 4 x 150 mm 

15 mM NH4CO2H, 7.5 mM (NH4)2CO3, 13.4 M CH3CN, 
pH 9.6 

 
 
NOTE:  These analytical columns and mobile phases are NOT listed in 

order of preference. 
 
NOTE:  The K’(Prime) Technologies and Metrohm columns and corresponding 

mobile phases were evaluated and found to provide acceptable 
performance using an HPLC/MS system with fragmentation.  All other 
columns and mobile phases were evaluated and found to provide 
acceptable performance using an HPLC/MS/MS system. 

 
NOTE:  Other chromatographic conditions may be used, provided that the data 

quality meets the project-specific goals.  
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NOTE:  The standard rotor seal in most HPLC systems is made from a Vespel® 
blend, which will dissolve when operating at pH > 10.  If using high-pH 
buffers, such as 200 mM methylamine (pH 12), all Vespel® rotor seals 
that could come in contact with the mobile phase should be replaced 
with a PEEK-blend rotor seal.  This would include the rotor seals in 
both the HPLC and matrix diversion valve (Sec. 6.10.1.2). 

 
 6.10.1.2 Matrix diversion valve – A Rheodyne® or equivalent 6-
port valve may be used if necessary to divert pre-eluting common anions to 
waste, prior to the elution of perchlorate from the analytical column.  The use of 
matrix diversion will help to reduce buildup of salt deposits in the electrospray 
source and mass spectrometer. 

 
 6.10.2  Electrospray ionization (ESI) source – The ESI source generates 
gas phase ions of perchlorate from the liquid phase.  An example of an ESI setup for 
HPLC/MS analysis with fragmentation is provided in Table 1. 

 
 6.10.3 Mass spectrometer – A single quadrupole mass spectrometer (MS), 
triple quadrupole mass spectrometer (MS/MS) or other mass analyzer.  Refer to the 
manufacturer’s instructions for instrument tuning, conditions and verification.  Tuning 
parameters are available from the instrument manufacturer, along with mass tuning 
solutions and instructions on how to optimize the mass spectrometer.  See Tables 1-2 
for examples of HPLC/MS with fragmentation and HPLC/MS/MS instrument parameters 
and settings.   

 
 6.11 Data system capable of performing analyte signal acquisition, peak integration, 
instrument calibration and analyte quantification. 
 
 6.12 Analytical balance capable of ± 0.0001 g accuracy.   
 
 6.13 Sonicator 

 
 6.14 Vortexer 
 
 6.15 Centrifuge – Adequate for clarifying soil extracts prior to filtration.  

 
 6.16 Conductivity meter capable of measuring specific conductance over a range of 
1-10,000 µS/cm. 

 
 6.17 Conductivity cell appropriate for performing measurements over the range of 1-
10,000 µS/cm. 
 
 
7.0 REAGENTS AND STANDARDS  
 
 7.1 Reagent-grade or HPLC-grade chemicals should 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. 
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 7.2 Reagent water - All references to water in the method refer to organic-free 
reagent water unless otherwise specified.  Refer to Chapter One for a definition of organic-free 
reagent water.  

 
 7.3 Acetonitrile, CH3CN, HPLC-Grade. 

 
 7.4 Acetic acid, glacial, CH3COOH. 
 
 7.5 Ammonium acetate, CH3CO2NH4. 
 
 7.6 Ammonium bicarbonate, NH4HCO3. 
 
 7.7 Ammonium hydroxide, NH4OH, HPLC-Grade. 
 
 7.8 Methanol, CH3OH. 
 
 7.9 Methylamine, CH3NH2, 40% w/w. 
 
 7.10 Ammonium formate, NH4CO2H. 
 
 7.11 Ammonium carbonate, (NH4)2CO3. 
  
 7.12 100 mM CH3CO2NH4 – Prepare by dissolving 0.77 g CH3CO2NH4 in 500 mL 
reagent water.  Dilute to a final volume of 1 L using reagent water. 
 
 7.13 100 mM NH4OH – Prepare by diluting 6.8 mL of concentrated NH4OH to 1 L 
using reagent water. 
 
 7.14 9.6 M CH3CN, 0.035 mM CH3CO2H mobile phase – Prepare by combining 500 
mL CH3CN, 500 mL reagent water and 1-2 mL acetic acid.   
 
 7.15 100 mM CH3CO2NH4, 9.6 M CH3CN mobile phase – Prepare by dissolving 7.71 
g CH3CO2NH4 in 500 mL reagent water.  Add 500 mL CH3CN and mix thoroughly.  Filter the 
final solution through a 0.20 µm membrane filter. 
 
 7.16 25 mM NH4HCO3, 9.6 M CH3CN, pH 10 mobile phase – Prepare by dissolving 
1.98 g NH4HCO3 in 450 mL reagent water.  Add 500 mL CH3CN and mix thoroughly.  Adjust pH 
to 10 using NH4OH.  Bring final volume to 1 L using reagent water.   
 
 7.17 8 mM CH3CO2NH4, 4.94 mM CH3OH mobile phase – Prepare by dissolving 
0.617 g CH3CO2NH4 in 500 mL reagent water.  Add 200 mL CH3OH and bring the final volume 
to 1 L using reagent water.   
 
 7.18 0.2 mM CH3CO2NH4, 2 mM NH4OH mobile phase – Prepare by combining 20 
mL 100 mM NH4OH (Sec. 7.13) and 2.0 mL 100 mM CH3CO2NH4 (Sec. 7.12).  Dilute the 
solution to 1 L using reagent water.  Prepare fresh daily. 
 
 7.19 65 mM KOH, 7.4 M CH3OH mobile phase – Prepare by dissolving 3.65 g KOH 
in 500 mL reagent water.  Add 300 mL CH3OH and dilute to a final volume of 1 L with reagent 
water. 
 
 7.20 231 mM CH3NH2 mobile phase – Prepare by diluting 20 mL of 40% w/w 
CH3NH2 (Sec. 7.9) to 1 L using reagent water.   
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 7.21 15 mM NH4CO2H, 7.5 mM (NH4)2CO3, 13.4 M CH3CN, pH 9.6 mobile phase – 
Prepare by dissolving 0.946 g NH4CO2H and 0.721 g (NH4)2CO3 in 250 mL reagent water.  Add 
700 mL CH3CN and mix well.  Adjust pH to 9.6 using NH4OH.  Bring final volume to 1 L using 
reagent water.  An HPLC instrument equipped with an in-line degasser is necessary when using 
this mobile phase to prevent bubble formation.  Otherwise, the solution may be degassed off-
line prior to use. 
 
 7.22 Sodium chloride, NaCl. 

 
 7.23 Sodium sulfate, Na2SO4. 
 
 7.24 Sodium carbonate, Na2CO3. 
 
 7.25 Sodium perchlorate, anhydrous, NaClO4. 
 
 7.26 Sodium perchlorate[18O4], anhydrous, NaCl18O4 ,≥ 90% enrichment, Isotec Inc. 
or equivalent. 
 
 7.27 Stock standard solution (1000 mg/L ClO4

-) – This solution can be purchased 
commercially as a certified standard or prepared from the sodium salt as described below (Sec. 
7.27.1).  Stock standards may be stored at room temperature for a period of up to 12 months.  
Expiration dates should be clearly specified on the label.  
 

 7.27.1 Dissolve 0.123 g of anhydrous sodium perchlorate in reagent water 
and dilute to 100 mL in a volumetric flask. 
 

 7.28 Intermediate standard solution (10 mg/L ClO4
-) – Dilute 1000 µL of stock 

standard solution (Sec. 7.27) to 100 mL with reagent water.  Intermediate standards may be 
stored at room temperature for a period of up to 12 months.  Expiration dates should be clearly 
specified on the label. 
 
 7.29 Calibration standards – Prepare by using various dilutions of the intermediate 
standard solution (Sec. 7.28).  Spike each calibration standard using the exact same volume of 
IRCS spiking solution (Sec. 7.31), such that the final IRCS concentration is exactly the same 
(i.e., approximately 5.0 µg/L Cl18O4

-) for each calibration standard.  A minimum of six calibration 
standards is recommended as well as a blank standard.  A sufficient number of standards 
should be analyzed in order to allow an accurate calibration curve to be established.  
Recommended standard concentrations for establishing a calibration curve are:  0.2, 0.5, 1.0, 
2.0, 5.0, and 10.0 µg/L ClO4

-.  This range may be extended provided that the linear response 
can be adequately verified through satisfaction of all calibration criteria and quality control 
requirements.  The low standard must be equivalent to or below the lowest result to be reported.  
All reported results must be within the calibration range. 
 
 7.30 IRCS stock solution (approximately 10.0 mg/L Cl18O4

-) – Dissolve 1.21 mg of 
(18O4)sodium perchlorate in reagent water and dilute to 100 mL in a volumetric flask or purchase 
commercially.  Stock standards may be stored at room temperature for a period of up to 12 
months.  Expiration dates should be clearly specified on the label. 
 
 7.31 IRCS spiking solution (approximately 1000 µg/L Cl18O4

-) – Dilute 1.0 mL of the 
IRCS stock solution (Sec. 7.30) to 10 mL with reagent water.  Store at ≤ 6 °C when not in use.  
The solution is also available commercially.   
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NOTE:  Each standard and sample is spiked with 50 µL of IRCS spiking solution per 10 mL of 
sample or standard to obtain a final IRCS concentration of approximately 5 µg/L Cl18O4

-.  
An alternate IRCS spiking solution volume or final IRCS concentration may be used, 
provided that it falls within the same concentration range as the external calibration 
curve.  The volume of the IRCS spiking solution added to the sample or sample 
extracts should be such that minimal dilution of the extract occurs.  Refer to 
Method 8000 for further internal standard calibration procedures.  

 
 
8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE   
 
 8.1 Collect water samples in clean, 125-mL polyethylene bottles. 
 
 8.2 Whenever possible, water samples should be sterilely filtered in the field at the 
time of collection using 0.2-µm PTFE membrane filtration in order to remove potentially 
perchlorate-degrading microbes. 
 
 8.3 For solids, collect samples in clean, 4-oz amber glass bottles. 
 
 8.4 Extract solids within 28 days of sample acquisition. 
 
 8.5 Analyze water samples and extracts of solid samples within 28 days of 
collection or preparation, respectively. 

 
 8.6 Store all samples and extracts with headspace to reduce potential anaerobic 
biodegradation. 
 
NOTE:  Care should be taken to avoid temperature extremes during shipment and storage. 
 
 8.7 Also, see the introductory material to Chapter Three, "Inorganic Analytes". 
 
 
9.0 QUALITY CONTROL 
 
 9.1 Refer to Chapter One for guidance on QA and QC protocols.  When 
inconsistencies exist between QC guidelines, method-specific QC criteria take precedence over 
both technique-specific criteria and those criteria given in Chapter One, and technique-specific 
QC criteria take precedence over the criteria in Chapter One.  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.  Each laboratory should maintain a formal QA 
program.  The laboratory should also maintain records to document the quality of the data 
generated.  All data sheets and quality control data should be maintained for reference or 
inspection.  
 
 9.2 Refer to Method 8000 for specific determinative method QC procedures.  Refer 
to Method 3500 for QC procedures to ensure the proper operation of the various sample 
preparation techniques.  Any more specific QC procedures provided in this method will 
supersede those noted in Methods 8000, 3500, or 3600.  

 
 9.3 Quality control procedures necessary to evaluate the HPLC/MS system 
operation are found in Method 8000 and include calibration verification and chromatographic 
analysis of samples. 
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 9.4 Initial demonstration of proficiency 
 
 Each laboratory must demonstrate initial proficiency with the sample preparation and 
determinative method combination it utilizes by generating data of acceptable accuracy and 
precision for the target analyte in a clean matrix.  The laboratory must also repeat the 
demonstration of proficiency whenever new staff members are trained or significant changes in 
instrumentation are made.  See Method 8000 for information on how to accomplish an initial 
demonstration of proficiency.  
 

 9.4.1 For laboratories that analyze samples containing high levels of TDS 
(i.e., > 1000 mg/L), a conductivity limit study may be performed for each individual 
HPLC/MS system in order to determine the approximate sample matrix conductivity that 
may be tolerated before the loss of column capacity brings about a significant reduction 
in analyte signal.  The specific conductivity of each aqueous sample or extract may be 
measured and recorded and compared to the conductivity limit (CL) in order to 
determine the approximate amount of sample dilution that may be necessary to produce 
acceptable perchlorate recovery. 
 

 9.4.1.1 Using the sodium salts of chloride, sulfate and 
carbonate, prepare a 250-mL dissolved salt solution (DSS) fortified with 0.5 
µg/L perchlorate and containing 500 mg/L each of the anions chloride, sulfate 
and carbonate (i.e. 0.206 g NaCl, 0.277 g Na2SO4, 0.221 g Na2CO3, 
respectively, in 250 mL reagent water).   

 
 9.4.1.2 Measure the specific conductivity of this solution.  It 
should be approximately 10,000 µS/cm.   
 
 9.4.1.3 Prepare a sample of the fortified DSS for analysis as 
described in Sec. 11.1.  Analyze the prepared sample as described in Sec. 
11.3.  The perchlorate recovery should be within 80-120% of the theoretical 
value and the IRCS recovery within ± 50% of that of the ICV or CCV (Sec. 9.9).  
If the recovery meets these criteria, then perchlorate may be accurately 
analyzed in samples having a conductivity of approximately 10,000 µS/cm.  
Thus the CL, the highest matrix conductivity level from which perchlorate can 
be effectively recovered, is approximately 10,000 µS/cm.  Some HPLC/MS 
systems may be capable of accurately analyzing perchlorate in matrices having 
conductivities as high as 20,000 µS/cm.  If acceptable perchlorate and IRCS 
recoveries can be obtained in a 10,000 µS/cm DSS, then a higher conductivity 
DSS may be prepared in order to find the true CL of the analytical system. 
 
 9.4.1.4 If the perchlorate and IRCS recoveries do not meet the 
acceptance criteria, then decrease the anion concentrations in the DSS, while 
maintaining the perchlorate level at 0.5 µg/L.  Measure the specific conductivity 
and perchlorate concentration of this new solution.  If the perchlorate and IRCS 
recoveries meet the acceptance criteria, then the measured conductivity of this 
solution is the conductivity limit.  If not, continue to incrementally decrease the 
anion concentrations until the perchlorate and IRCS recoveries meet the 
acceptance criteria in order to establish the CL for the HPLC/MS system. 

 
 9.5 Before processing any samples, the analyst should demonstrate that all parts of 
the equipment in contact with the sample and reagents are interference-free.  This is 
accomplished through the analysis of a method blank.  Each time samples are extracted, 
cleaned up, and analyzed, and when there is a change in reagents, a method blank should be 
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prepared and analyzed for the compounds of interest as a safeguard against chronic laboratory 
contamination.  If a peak is observed at or in close proximity to the expected retention time of 
any analyte that would prevent the determination of that analyte, determine the source and 
eliminate it, if possible, before processing the samples.  The blanks should be carried through 
all stages of sample preparation and analysis. 

 
 9.6 Initial calibration verification (ICV) – Immediately after the calibration standards 
have been analyzed, the accuracy of the calibration must be verified by the analysis of an ICV 
standard.  The ICV is prepared at a concentration level within the calibration range of the 
method and using a second source standard (prepared using standards different from the 
calibration standards) spiked into reagent water.  The control limit for the ICV is ±15% of the 
true value.  When the ICV exceeds the control limits, the analysis should be terminated, the 
problem corrected, the instrument recalibrated, and the calibration re-verified.  
 
 9.7 Continuing calibration verification (CCV) – Once the calibration curve has been 
established, the continuing accuracy must be verified by analysis of a CCV prior to conducting 
any field sample analysis, after every tenth field sample, and at the end of the analysis 
sequence.  The CCV is prepared from the intermediate standard solution (Sec. 7.28) at a 
concentration level within the calibration range of the method.  CCV concentrations alternating 
between the low- and mid-range calibration standard concentrations are recommended.  The 
control limit for the low-range CCV is ± 50% and for the mid-range CCV is ± 15% of the true 
value.  When the CCV exceeds the control limits, the analysis should be terminated, the 
problem corrected, the instrument recalibrated, and the calibration re-verified.  Samples that are 
not bracketed by acceptable CCV runs must be reanalyzed. 
 
 9.8 Sample quality control for preparation and analysis. 
 
 The laboratory must also have procedures for documenting the effect of the matrix on 
method performance (precision, accuracy, method sensitivity).  At a minimum, this should 
include the analysis of QC samples including a method blank, a matrix spike, a duplicate, and a 
laboratory control sample (LCS) in each analytical batch and the addition of an IRCS to each 
field sample and QC sample.  Any method blanks, matrix spike samples, and replicate samples 
must be subjected to the same analytical procedures (Sec. 11.0) as those used on actual 
samples. 
 
 The following should be included within each analytical batch. 
 

 9.8.1 A method blank (MB) is prepared from reagent water and treated 
exactly as a field sample, including exposure to all glassware, equipment, solvents, 
filtration, and reagents that are used with field samples.  Analysis of a MB is used to 
assess contamination from the laboratory environment, equipment, and/or reagents.  A 
perchlorate concentration in the MB exceeding the LLOQ (Sec. 9.10) indicates that 
contamination is present.  The source of the contamination should be determined and 
corrected prior to performing any sample analysis.  Any sample included in an analysis 
batch that has an unacceptable MB should be reanalyzed in a subsequent batch after 
the contamination problem is resolved. 
 
 9.8.2 At least one matrix spike (MS) sample should be analyzed within 
each analysis batch for determining method bias and/or sample matrix effects. 
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 9.8.2.1 The MS percent recovery (%R) is calculated as follows: 
 
 

100
SA

)SR - MSSR(
  R % ×=

 
 
 
Where: 
MSSR = MS sample result 
SR = Sample result 
SA = Spike added 
 
 When the sample concentration is less than the LLOQ, use SR = 0 
for purposes of calculating %R. 
 
 9.8.2.2 The method control limits for %R are 80-120% for 
water matrices and 70-130% for solid matrices.  Alternate limits may be used 
provided that they meet the data quality objectives of the specific project.  
Failure to meet the MS %R criteria indicates potential problems with the 
analytical system and/or sample matrix effects and corrective action should be 
taken to investigate and resolve the problem.  If %R is outside the control limits 
and all other QC data is within limits, a matrix effect is suspected.  The 
associated data should be flagged according to project specifications or noted 
in the comments section of the report.   
 

 9.8.3 A duplicate or matrix spike duplicate (MSD) should be analyzed 
within every analytical batch in order to establish the precision of the method.   

 
 9.8.3.1 Calculate the relative percent difference (RPD) between 
the sample and duplicate result as follows. 
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Where: 
RPD = Relative percent difference 
S = Sample or MS sample result 
D = Duplicate or MSD result 
 
 9.8.3.2 The method control limit for RPD is 15% for all sample 
concentrations that are near or above the mid-range of the calibration curve.  
The method control limit for RPD is 50% for sample concentrations that are 
near the low-range of the calibration curve.  Alternate limits may be used 
provided that they meet the data quality objectives of the specific project.  
Failure to meet the duplicate RPD criteria indicates potential problems with the 
analytical system and/or sample matrix effects and corrective action should be 
taken to investigate and resolve the problem.   
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 9.8.4 An LCS is prepared as described in Chapter One and treated 
exactly as a field sample, including exposure to all glassware, equipment, solvents, 
filtration, and reagents that are used with field samples.  Data produced are used to 
assess efficiency of the instrument performance and preparation procedures.  The %R 
of the LCS should be within 80–120%.  Alternate limits, may be used for specific 
projects.  If the LCS %R is outside the specified control limits, corrective action should 
be undertaken to resolve the problem and the preparation batch in question should be 
re-prepared and reanalyzed. 
 
NOTE:  A high TDS QC standard may also be analyzed to further demonstrate sufficient 

analyte separation and lack of excessive ionization suppression.  The standard 
should be prepared at the mid-range concentration level and contain each of the 
anions, chloride, carbonate and sulfate, at an equivalent concentration level, 
such that the final specific conductivity of the solution is approximately 
equivalent to the samples being analyzed.  The %R of the high TDS QC 
standard should be within 80–120%.   

 
 9.9 IRCS response verification – The IRCS area counts for each sample and QC 
standard must be monitored throughout the analysis and compared with the average of the 
IRCS area counts of the calibration standards, if the calibration is performed on the same day 
as the analysis, or otherwise, using either the ICV or the first CCV of the analytical batch, 
whichever is appropriate, if using a calibration curve established during a previous analytical 
run.  If the IRCS area counts exceed ± 50% that of the ICV or CCV, a second sample aliquot 
should be analyzed.  If the IRCS area count of second sample aliquot still exceeds the criterion, 
then check the area count of the most recent CCV.  If the criterion is met in the most recent 
CCV and not the sample, then the sample result should be considered to be suspect.  The 
associated data should be flagged according to project specifications or noted in the comments 
section of the report.  If the IRCS area count criterion is not met in either the sample or the most 
recent CCV, then corrective action, such as instrument maintenance, should be undertaken to 
resolve the problem and the entire preparation batch in question should be re-prepared and 
reanalyzed. 
 
 9.10 The laboratory should establish the LLOQ as the lowest point of quantitation or 
in most cases the lowest point in the calibration curve which is less than or equal to the desired 
regulatory action levels based on the stated project-specific requirements.  Analysis of a 
standard prepared at the LLOQ concentration level or use of the LLOQ as the lowest point 
calibration standard provides confirmation of the established sensitivity of the method.  The 
LLOQ recovery must be within 50% of the true value to verify the data reporting limit.  The low-
range CCV standard (Sec. 9.7) may also serve as the LLOQ verification for confirming method 
sensitivity. 

 
 9.11 It is recommended that the laboratory adopt additional QA practices for use with 
this method.  The specific practices that are most productive depend upon the needs of the 
laboratory and the nature of the samples.  Whenever possible, the laboratory should analyze 
standard reference materials and participate in relevant performance evaluation studies. 
 
 
10.0 CALIBRATION AND STANDARDIZATION  
 
 10.1 ESI/MS system – Refer to the manufacturer's instructions for instrument tuning 
and conditions.   
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 10.2 HPLC/MS system 
 

 10.2.1 Prepare the calibration standards as outlined in Sec. 7.29. 
 
 10.2.2 Inject an equivalent volume of each calibration standard into the 
HPLC.  Use an injection volume that is optimal for the specific column and instrument 
system.  An injection volume of 5-50 µL is recommended. 
  

  10.2.3 Establish the initial calibration curve by plotting the area ratio 
response for each standard against the concentration using the internal standard 
calibration method.  For a first-order linear regression calibration model (i.e., y = ax + b 
function), the acceptance criterion for the calibration curve should be a correlation 
coefficient of 0.995 or higher.  If a second-order or third-order, polynomial linear 
regression model is used (i.e., y = ax2 + bx + c or y = ax3 + bx2 + cx + d), the weighted 
coefficient of determination (COD) should be 0.995 or higher.  Refer to Method 8000 for 
guidance on internal standard calibration. 
 
 10.2.4 Verify the accuracy of the initial calibration curve as described in 
Sec. 9.6 before proceeding to analyze samples. 

 
NOTE:  A retention time window study is not necessary when using internal standard 

calibration (See Method 8000 for further details).  However, it is always a good 
practice and can be a useful diagnostic tool to monitor analyte and IRCS 
retention times and peak area counts in all samples and QC standards, 
including blanks, to effectively observe drifting method performance, poor 
injection execution, unintended changes in eluent strength or flow rates, column 
overloading, and high ionic matrix effects or fouling, so as to anticipate the need 
for system inspection and/or maintenance. 

 
 
11.0 PROCEDURE  

 
 11.1 Water sample preparation 

 
 11.1.1 Dispense 10.0 mL of sample or standard into a 15-mL disposable 
centrifuge tube.   
  
 11.1.2 Add 50 µL of IRCS spiking solution (Sec. 7.31) to the sample tube, 
cap and shake until mixed well.   
 
NOTE:  The final concentration of IRCS in the sample must be exactly the same as that 

in the calibration standards (Sec. 7.29).  Proportionally smaller volumes of 
sample and IRCS may be used to reduce laboratory waste or when limited 
sample volume is supplied to the laboratory. 

 
 11.1.3 Filter the sample solution using a plastic syringe fitted with a 0.45-
µm or 0.2-µm PTFE membrane filter.  Dispense the sample into an autosampler vial for 
analysis. 
 
NOTE:  Filtration may be omitted for calibration standards and for samples that have 

been previously filtered in the field (Sec. 8.2). 
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NOTE:  If a CL has been determined (Sec. 9.4.1), a separate aliquot of sample may be 
used to determine its matrix conductivity for comparison against the CL in order 
to determine the need for sample dilution prior to analysis. 

 
 11.1.4 Proceed to Sec. 11.3. 

 
11.2 Solid sample preparation   
 
 11.2.1 Weigh 1 g of solid sample, recording the weight to 0.01 g.  Transfer 
the sample to a 15-mL centrifuge tube.  
 
 11.2.2 Add a sufficient quantity of reagent water to the 15-mL centrifuge 
tube containing the sample to bring the total volume to 10 mL. 
 
 11.2.3 Add 50 µL of IRCS spiking solution (Sec. 7.31) to the sample tube.   
 
NOTE:  The final concentration of IRCS in the sample must be exactly the same as that 

in the calibration standards (Sec. 7.29). 
 
 11.2.4 Vortex the mixture, followed by sonication for a minimum of 10 min, 
followed by additional vortexing.   
 
 11.2.5 Centrifuge the sample for 5 min, if necessary, to separate the solids 
from the extract solution.  Use centrifuge settings that provide a visibly adequate 
separation and yield a clear extract solution. 
 
 11.2.6 Filter the supernatant extract solution using a plastic syringe fitted 
with a 0.45-µm or 0.2-µm PTFE membrane filter.  Dispense the filtrate into an 
autosampler vial for analysis. 
 
 11.2.7 If large quantities of organic contaminants are not believed to be 
present in the solid sample extract (i.e., supernatant extract is relatively clear and not 
highly colored), proceed to Sec. 11.3.  If necessary, however, a cleanup step using a C18 
column may be performed to remove organic contaminants from the supernatant extract 
solution.  The C18 column cleanup step is described in Secs. 11.2.7.1-11.2.7.5.  
However, other cleanup cartridges or procedures may be used as long as the data 
quality meets the project-specific goals.  Alternate cleanup columns and media include 
the Supelclean™ ENVI Carb-II column from Supelco or graphitized carbon by United 
Chemical Technologies, Inc.  Follow the manufacturer's instructions for use. 
 

 11.2.7.1 Activate the C18 cartridge column (Sec. 6.9) by pushing 
approximately 5 mL of methanol through the column, followed by 5 mL of 
reagent water.  A flow rate of approximately 0.5 mL/min is recommended.  Care 
should be taken not to let the column become dry.   
 
 11.2.7.2 Using gentle pressure, push approximately 6 mL of the 
supernatant extract solution through the activated column.   

 
 11.2.7.3 Discard the first 2 mL of eluted sample extract.  

 
NOTE:  The initially eluted sample extract is discarded because it is diluted by 

the solution remaining in the column following the activation process. 
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 11.2.7.4 Collect the remaining eluted sample extract 
(approximately 4 mL) in a clean container.   

 
NOTE:  Quantitative recovery of the eluted extract sample is not necessary 

because there is no dilution or concentration of the sample.   
 

 11.2.7.5 Filter the eluted extract using a plastic syringe fitted with a 
0.45-µm or 0.2-µm PTFE membrane filter.  Dispense the filtrate into an 
autosampler vial for analysis.   

 
 NOTE:  If a CL has been determined (Sec. 9.4.1), a separate aliquot of sample 

may be used to measure its matrix conductivity for comparison against 
the CL in order to determine the need for sample dilution or cleanup 
prior to analysis.  A proportionally larger volume extract solution may 
need to be prepared in order to provide enough sample quantity for 
such a conductivity measurement. 

   
 NOTE:  Evaluation studies have demonstrated that the use of an alternate 

extraction method may achieve improved perchlorate recoveries in 
matrices such as wastewater treatment sludges (See Sec. 13.2).  
Based on knowledge of the matrix of interest, the method user may 
consider an alternate extraction procedure to the primary method (Sec. 
11.2) for extracting perchlorate from solids.  The method user should 
ensure that the data quality obtained using any alternate extraction 
procedure meets the project-specific goals. 

 
 11.2.7.6 Proceed to Sec. 11.3. 

 
 11.3 Water and extract sample analysis 
 

 11.3.1 Set up the HPLC/MS instrumentation.  Examples of instrument 
settings for an HPLC/MS with fragmentation and HPLC/MS/MS system are provided in 
Tables 1-2.  
 
 11.3.2 With mobile phase running through the system, establish a stable 
baseline.  This should take approximately 15-30 min.   
 
 11.3.3 Establish a valid initial calibration as outlined in Sec.10.2.  Example 
chromatograms are provided in Figures 1-3. 
 
 11.3.4 Inject a suitable volume of sample into the HPLC instrument.  Use 
an injection volume that is optimal for the specific analytical column and instrument 
system.  An injection volume of 5-50 µL is recommended.  The volume of sample 
injected must be consistent with that used for calibration (Sec. 10.2.2).  Record the 
resulting perchlorate peak size at m/z 83, 85 and 89 in area units as well as the peak 
retention times.   
 
 11.3.5 If the peak area response exceeds the calibration range of the 
system, dilute a fresh aliquot of the sample and reanalyze. 
 
 11.3.6 If the IRCS peak area response exceeds the ± 50 % criterion, 
reanalyze a fresh aliquot of the sample (See Sec. 9.9). 
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12.0 DATA ANALYSIS AND CALCULATIONS  
 
 12.1 Identify and confirm the presence of perchlorate in all analytical and QC sample 
chromatograms: 

 
 12.1.1 Compare the retention times of the ClO3

- m/z 83 peak and the IRCS 
Cl18O3

- m/z 89 peak.  The retention times should not vary by more than 0.2 min.   
 
 12.1.2 Evaluate the relative abundances of the ClO3

- m/z 83 and 37ClO3
- 

m/z 85 ions in the chromatogram.  To confirm the presence of perchlorate, the 83/85 
peak area counts ratio should be within ± 30% of the average peak area count ratio of 
the mid-range calibration standard, if the calibration is performed on the same day as the 
analysis, or otherwise, using the average peak area count ratios of all of the CCV runs of 
the analytical batch, whichever is appropriate. 
 
NOTE:  All samples and QC standards should meet the ± 30% 83/85 peak area counts 

ratio criterion, including those that are at or near the LLOQ.  The failure of any 
low-range concentration samples or QC standards to meet this criterion is an 
indication that the method is not sensitive enough to measure accurately at the 
established LLOQ.  In such cases, method sensitivity studies should be 
undertaken to establish a higher, more representative LLOQ.   

 
 12.2 Calculate the perchlorate concentration for each sample and QC standard 
using the internal standard calculation described in Method 8000.  Use ClO3

- m/z 83 and Cl18O3
- 

m/z 89 from the IRCS for quantitation.  Report the concentration of each of the sample matrices 
as follows: 
 

 
 12.2.1 Water samples 
 

Final result (µg/L ClO4
-) = (C)(D) 

 
Where: 
C = Concentration from calibration curve (µg/L ClO4

-) 
D = Dilution factor (if needed) 
 
 12.2.2 Solid samples 
 

Final result (µg/g ClO4
-) =

M
(C)(V)(D)
  

 
Where: 
C = Concentration in extract from calibration curve (µg/L ClO4

-) 
V = Final volume of sample extraction solution (L) 
D = Dilution factor (if needed) 
M = Mass of initial sample extracted (g)  
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13.0 METHOD PERFORMANCE   
 

 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. 
 
 13.1 The instrumentation and chromatographic options described in this method 
have been evaluated in a round robin study for a variety of environmental matrices.  The results 
of the interlaboratory validation testing are summarized in Table 3.  These data are provided for 
guidance purposes only. 
 
 13.2 Comparative results obtained for soils and wastewater treatment sludges using 
the primary extraction method (Sec. 11.2) and an alternate extraction method are presented in 
Table 4.  Nearly equivalent results were obtained for soils using either of the two extraction 
techniques.  However, the results varied significantly when using different extraction techniques 
for the analysis of wastewater treatment sludges (See Table 4).  These data are provided for 
guidance purposes only. 
  
 
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 operations.  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  
 
 15.1 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. 
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17.0 TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION DATA    
 
 The following pages contain the tables and figures referenced by this method.  A flow 
diagram of the procedure follows the tables and figures. 
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TABLE 1 
 

EXAMPLE INSTRUMENT SETTINGS FOR HPLC/MS WITH FRAGMENTATIONa 
 
 

HPLC Parameters and Settings 

Autosampler    
 Injection Volume: 30 µL   

Analytical Column K'(Prime) Technologies, Inc. KP-RPPX250 column 
 Column Temperature: 30 ºC   

HPLC Pump    
 Flow Rate: 0.5 mL/min   
 Run Time: 13.0-17.0 minb  
 Mobile Phase:   
  Isocratic Elution   
  49.95% CH3CN / 49.95% H2O / 0.1% CH3COOH 

Mass Spectrometer Parameters and Settings 

Ionization Mode Electrospray   
Polarity Negative   
SIM Parameters    
 SIM Ion Fragmentor Gain (EMV) Actual Dwell 
 83 160 V or 210 Vc 1.0 – 3.0d 192 msec 
 85   192 msec 
 89   192 msec 
Spray Chamber    
 Gas Temperature Drying Gas (N2) Nebulizer Pressure  
 350 ºC 12.0 L/min 50 psig  
Capillary voltage    
 Negative    
 1500-2000 Vcap    
 
aBased on an Agilent 1100 LC/MSD 
bThe run time will vary depending on the column condition and the composition of the mobile phase. 
c160 V for Agilent Models G1946A and G1946B and 210 V for Models G1946D and G1956B 
dIt is recommended that the gain be initially set at 1 EMV. 
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TABLE 2 
 

EXAMPLE INSTRUMENT SETTINGS FOR HPLC/MS/MSa 
 
 

HPLC Parameters and Settings 

Injection Volume 50 µL 

Column: Waters Anion Guard-Pak™ guard column 

Waters IC-Pak™ Anion HR separator column 

Column Heater: 35 °C 

Eluent: 100 mM CH3CO2NH4, 50% CH3CN 

• Isocratic 

• 0.3 mL/min 

Mass Spectrometer Parameters and Settings 

ESI Polarity: Negative 

Capillary Voltage: 3.25 kV 

Cone Voltage: 50 V 

Multiplier Voltage: 650 V 

Desolvation Temperature: 350 °C 

Source Temperature: 120 °C 

N2 Desolvation Gas Flow: 510 L/hr 

N2 Cone Gas Flow: 60 L/hr 

Ar Collision Gas Pressure: 2 x 10-3 mbar 

Collision Energy: 30 eV 

 
aBased on an Agilent 1100 HPLC and Micromass Quattro Micro triple-stage quadrupole mass 
spectrometer  
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TABLE 3 
 

RESULTS OF INTERLABORATORY TESTING FOR PERCHLORATE BY HPLC/MS WITH FRAGMENTATION AND HPLC/MS/MSa 
 

 
Phase I:  Initial 

Demonstration of 
Proficiency 

Phase II:  Real-world Matrices 

Matrix Reagent Water Salt Water POTW Waste Water Soil 

ID 1 2 1 2 1 2 1 2 3 QC Standardb 

Selected Matrix Characterization Data 

Conductivityc < 1 µS/cm < 1 µS/cm 44,600 µS/cm 44,600 µS/cm d d 243 µS/cm 243 µS/cm 3200 µS/cm d 

Aluminum --- --- d d d d 3700 mg/kg 3700 mg/kg 3700 mg/kg d 

Calcium --- --- 299 g/L 299 g/L d d 8900 mg/kg 8900 mg/kg 8900 mg/kg d 

Iron --- --- d d d d 3120 mg/kg 3120 mg/kg 3120 mg/kg d 

Magnesium --- --- 1050 g/L 1050 g/L d d 288 mg/kg 288 mg/kg 288 mg/kg d 

Potassium --- --- 332 g/L 332 g/L d d 138 mg/kg 138 mg/kg 138 mg/kg d 

Sodium < 5 µg/L < 5 µg/L 9910 g/L 9910 g/L d d e e e d 

TOC < 50 µg/L < 50 µg/L d d d d 670 mg/kg 670 mg/kg 670 mg/kg d 

Round Robin Testing Results 
Number of 
Laboratories 12 12 12 12 1 1 11 11 10 12 

Perchlorate 
True Value 1.75 µg/L 47.0 µg/L 1.70 µg/L 8.30 µg/L 1.70 µg/L 8.30 µg/L 16.0 µg/kg 150 µg/kg 63.0 µg/kg 564 µg/kg 

Relative Bias -8.56% -3.16% -6.36% -6.11% 1.18% 3.47% -13.0% -12.2% -7.6% -14.1% 
Repeatabilityf 

(RSD) 2.99% 4.38% 6.75% 6.09% 4.95% 1.92% 8.00% 4.20% 8.33% 9.1% 
Reproducibilityg 

(RSD) 6.33% 8.45% 25.9% 12.6% --- --- 16.9% 13.7% 16.0% 19.2% 

 
aSamples were prepared and analyzed using the conditions described in the test method. 
bSoil and Hazardous Waste QC Standard, Wibby™ Environmental, Inc., Golden, Colorado. 
cFor solids, the conductivity values were based on a 1 g/10 mL extraction solution. 
dNot determined 

eNot detected 
fIntralaboratory precision 
gInterlaboratory precision 

 
Data taken from References 2-4.  These data are provided for guidance purposes only. 
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TABLE 4 
 

COMPARITIVE PERCHLORATE TESTING RESULTS USING REAGENT WATER EXTRACTION 
VERSUS 50% ACETONITRILE EXTRACTIONa-c 

 

Matrix ID Soil 1d Soil 2d Soil 3d Soil QC Standardd,e 

Comparative Testing Results 

Extraction Solvent Reagent 
Water 

50% 
CH3CN 

Reagent 
Water 

50% 
CH3CN 

Reagent 
Water 

50% 
CH3CN 

Reagent 
Water 

50% 
CH3CN 

Measured Perchlorate 
Concentration 13.0 mg/kg 12.6 mg/kg 122 mg/kg 117 mg/kg 52.8 mg/kg 50.6 mg/kg 408 mg/kg 440 mg/kg 

Repeatability (RSD) 2.13% 2.09% 5.22% 2.05% 4.29% 1.73% 19.1% f 

Matrix ID Sludge 1 Sludge 2 Sludge 3  

Selected Matrix Characterization Data 

Conductivityg 5100 µS/cm 5100 µS/cm 26000 µS/cm 

Aluminum 3220 mg/kg 3220 mg/kg 3220 mg/kg 

Calcium 42.4 g/kg 42.4 g/kg 42.4 g/kg 

Iron 17.3 g/kg 17.3 g/kg 17.3 g/kg 

Magnesium 6390 mg/kg 6390 mg/kg 6390 mg/kg 

Potassium 3100 mg/kg 3100 mg/kg 3100 mg/kg 

Sodium 4820 mg/kg 4820 mg/kg 4820 mg/kg 

TOC 4880 mg/kg 4880 mg/kg 4880 mg/kg 

Comparative Testing Results 

Extraction Solvent Reagent 
Water 

50% 
CH3CN 

Reagent 
Water 

50% 
CH3CN 

Reagent 
Water 

50% 
CH3CN 

Measured Perchlorate 
Concentration 3.53 mg/kg 20.6 mg/kg 6.46 mg/kg 27.6 mg/kg 41.9 mg/kg 50.5 mg/kg 

Repeatability (RSD) 7.18% 5.61% 3.37% 0.788% 8.17% 5.81% 

 aReagent water extracts were 
 prepared as described in the test  
 method. 
b50% (v/v) acetonitrile extracts were 
 were prepared as described in  
 Ref. 5. 
cAll sample extracts were analyzed 
 by HPLC/MS/MS using a Waters 
 IC-Pak™ Anion HR column with 
 100 mM CH3CO2NH4, 9.6 M CH3CN 
 mobile phase. 
dSee Table 3 for soil matrix true  
 values and characterization data. 
eSoil and Hazardous Waste QC 
 Standard, Wibby™ Environmental, 
 Inc., Golden, Colorado. 
fResult based on a single analysis. 
gBased on a 1 g/10 mL extraction 
 solution. 
 
 
 
 
 
Data taken from Reference 6.  
These data are provided for 
guidance purposes only. 
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FIGURE 1 
 

EXAMPLE SIMULATED GROUND WATER SAMPLE CHROMATOGRAM SPIKED WITH 1 
µG/L PERCHLORATE AND OBTAINED USING A K'(PRIME) COLUMN AND HPLC/MS 

ANALYSIS WITH FRAGMENTATION 
 
 
 
 

 
 
Figure obtained from R. DiRienzo; (801) 266-7700; dirienzo@datachem.com 
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FIGURE 2 
 

EXAMPLE GREAT SALT LAKE WATER SAMPLE CHROMATOGRAM SPIKED WITH 1 µg/L 
PERCHLORATE AND OBTAINED USING A K'(PRIME) COLUMN AND HPLC/MS ANALYSIS 

WITH FRAGMENTATION 
 
 

 

 
 
 
 
Figure obtained from R. DiRienzo; (801) 266-7700; dirienzo@datachem.com 

 
 
 



6850 - 26                                                                                           Revision 0 
   January 2007 

 

FIGURE 3 
 

EXAMPLE SOIL EXTRACT CHROMATOGRAM OBTAINED USING A METROHM LCMS COLUMN AND HPLC/MS ANALYSIS WITH 
FRAGMENTATION 
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Figure obtained from J. Gandhi; (281) 484-5000; jay@mp-ic.com and J. Mathew; (281) 983-2132; mathew.johnson@usepa.gov 
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METHOD 6850 
 

                11.2 
    Aqueous extraction
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