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PREFACE

This letter report of findings has been prepared for the U.S. EPA according to the requirements of Contract
No. DACA05-96-D-0003, Task Order 0062, between the United States (U.S.) Army Corps of Engineers -
Sacramento District and Earth Tech, Inc. (Earth Tech). This letter report of findings includes the results of
method development studies (Task 1), interference studies (Tasks 2 and 4), and split sample analyses (Task 5)
for the Low Concentration Method for the Determination of Perchlorate in Aqueous Samples Using lon
Selective Electrodes. Also included as Attachment 1 is the standard operating procedure (SOP) for the
method (Task 3).
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manager and senior method development chemist is Mr. Christopher Davis.

Approved:

Christopher Davis
Project Manager

L:\WORK\42674\WP\06\TEXT.DOC Final, October 2001



Letter Report of Findings: Perchlorate Screening Method Study
U.S. Army Corps of Engineers

TABLE OF CONTENTS

Section Page
1.0 Task 1 — Evaluation of Solid State Probe Performance Characteristics ...........ccecceeveereeneeneenneenne. 1
1.1 S 1e) o2 (0] 1116 RSP PRRP 1

1.2 Equipment COMPATISOM .....cecuieruieriieeieeiteteeieesiee st e eteeie et e steessteseteebe e bt esbeesaeesaneenseeneeenne 2

1.3 Method DeVeIOPMENL ........oeiuieiieiiieeie ettt ettt ettt st saeeeee e 3

1.3.1 Low Concentration Sensitivity Studies.........cceccveruierienieririieeie e 3

1.3.1.1 Calibration CUIVES .......cccuteiieiieriieniiesite et eie et esteesteesaeesetesnseeseenseesseeneeas 4

1.3.1.2 Method Detection Limit StUdies.........cceeevevieriinieniriieeieeeeeeeeee e, 4

1.3.1.3 Practical Quantitation Limit...........ccceeeeiireiiiiiiiieeiiieeciee e 5

1.3.1.4 Linear Range.........ccceooiiiiiiiiieiieeeteee ettt 6

1.3.1.5 Quality Assurance/Quality Control ...........cecceeveerienirniireiieieereeeeeeees 6

1.3.2  Method Variables.........ccociiiiiiiiiiieiieiieeeese ettt 8

1.3.2.1 Perchlorate ISE Module Conditioning.............cceeceereeriereescreesieenieeneennen. 8

1.3.2.2 Sample Volume and StITING........cccoeveeviiririieninieieeeeeieseeeesiesieeae 10

1.3.2.3 Temperature EffectS........ccovvieriiiiiiiiiieieeesece et 11

1.3.2.4 lonic Strength Adjustors (ISA) ......coceeeeriririinenieeeeeeseee e 12

1.3.2.5 Matrix EffEcts ....ooviiiiiiiieiieieeeeceeee ettt e 15

1.3.2.6 PH AdJUSTMENT....couiiieiiiiieiieieeiieee ettt et e eseee e ens 16

1.3.2.7 Chloride COITECION ......ccueevieiieeiieeieeie et esteesite st eee e e sieesaeesaee e 16

1.3.2.8 Nitrate COTTECHION ....eeveevieriieriieeieeieesteesteesitesnteeteeteeteesseesaeeseeeeneeeseens 18

1.3.2.9 Bromide COITECLION ......cceeervieriieriieeieeieeieeitesteesiteseeeeteeeeesteeseeesaeesneeens 19

1.3.3  Split SAMPIE ANALYSES ...cveruieiiriiiiiieiteie ettt 19

1.4 Method Development CONCIUSIONS.......cceeueririiriirieienieeteeee ettt 20

1.5 Method Development Recommendations..............cueeieereeriierienieeieeieeieesiee e 21

2.0 Task 2 - Investigate Sample Concentration Methods ...........cccooeevieriniininiinicninieieeee s 21
3.0 Task 3 - Preparation of Revised Standard Operating Procedure...........c.ccoceevinerveniniceninenniennne. 21
4.0 Task 4 — Investigation of Interference Using ISE Protocol ...........cccceviviiiininienicninicninecieee 22
4.1 Field Sample Matrix INterferences. .......cooueruerirriiriirienienieeienerecee et 23

4.2 Carbonate/Bicarbonate Interference Studies..........coceevererieneniniienininenceecceeceee 24

43 Chloride Interference STUAICS ........cocveririrrierinieieert et 26

4.4 Nitrate Interference StUAIES .......coecierieriiiiieie ettt 28

4.5 Bromide Interference STUAIES .........cccierierieriiieiieieeie ettt 30

4.6 Fluoride Interference StUAIES........c.eevvieriierieiieiie ettt 32

4.7 Phosphate Interference StUAIes .......c.ooeeieriiiiniiiiiieieeeeece e e 32

4.8 Possible Organic Chemical INterference..........coceveeviererienininieninieceeeseeeee e 32

4.9 Method of Standard Additions.........ccueevieriierierierie et 33

4.10  ISE CONAILIONINE «..venveenieiiriieieeieetesteet ettt sttt sttt ettt et et st e e st e b b eae e e 36

4.11  Interference Study CONCIUSIONS ......cocueriiriiniiriieiiniieterieetete ettt s 36

4.12  Interference Study Recommendations ..........cccccoerieriireriinenienienenieeeeeeseee e 37

L:\WORK\42674\WP\06\LETTER OF FINDINGS TASK 1-5.DOC i Final, October 2001



Letter Report of Findings: Perchlorate Screening Method Study
U.S. Army Corps of Engineers

TABLE OF CONTENTS

Section Page
5.0 Task 5 — Analyses of Split SAMPIES........coovuiiiiiiiieiieieeee et 38
5.1 Split SAMPIe RESUILS ....covieiiiiiiieiieit ettt sttt e 38
5.1.1  Non-Detected Result Confirmations............cceeceerueerienierienieeieeieesee e see e 39
5.1.2  Detected Result Confirmations..........ccccceeeveeeuieiieeseesienieeie et 39
5.1.3  Split Sample Result Interpretation ............ceceeveerieriienieeieeeeeeeesee st 40
5.2 Quality Control Results for ISE ANalyses ........cccereeriiiiiiieeiieeeeeseee e 42
5.2.1  Calibration VerifiCation ..........cceeviereerieniieiieie ettt esee e e saee e 42
5.2.2  Matrix SPike RECOVETIES......uiiuiiriiiiieiieieesiieeiie ettt st e 42
5.2.3  Field and Laboratory Duplicate PreciSion .........cc.ccceceeeuierieesieeneenieniesieeie e 43
5.2.4 Method and Equipment BIanks...........cccocieriiiiiniiiniieieiee et 43
5.2.5 ISE Module RecONditioning ..........ccceeeeruereeienienienienieeienieeteiesieeeesieseeseesieenes 44
53 Split Sample Study COnCIUSIONS ......ccceruiriiirieriirieierteeteetete ettt 44
5.4 Split Sample Study Recommendations.............ceceverierenierieninienenteieseeteie e 45
Tables
SECTION 1 TaADIES....eeiiiiiiiieeee ettt sae e st st 46
Tables 1-1 through 1-9......ccoiiiiiiee ettt e ae e e v e e e aeeens 47
SECTION 4 TaADIES ......eiiiiieiieiiete ettt ettt et e be e bt e st e et e 61
Tables 4-1 through 4-23 .. ....oo ittt e et e e tae e s beeeraeessaeeens 62
Attachments
AAChMENTS 1 & 2 oot 141
1 Standard Operating Procedure (Version 1.0):
Low Concentration Method for the Determination of Perchlorate in
Aqueous Samples Using lon Selective Electrodes ..........ccocveeviiivciiiiiiieniieciieeieeeene 142
2 Example SPread SHEEt .......c.viiviiiiiiieiee ettt et e be e e s 166

L:\WORK\42674\WP\06\LETTER OF FINDINGS TASK 1-5.DOC i Final, October 2001



Letter Report of Findings: Perchlorate Screening Method Study
U.S. Army Corps of Engineers

Abstract: Method development was performed for the Low Concentration Method for the Determination of
Perchlorate in Aqueous Samples Using lon Selective Electrodes with a target detection limit (TDL) of 18
micrograms per liter (ug/L) to meet the California advisory action limit of 0.018 milligrams per liter (mg/L),
equivalent to 18 ug/L, for perchlorate in water. The studies resulted in a method with a reporting limit (RL) set
at 15 pg/L, supported by a low calibration point of 10 pg/L, and a method detection limit (MDL) of 3 pg/L,
using a Sentek 367-75 Solid State Perchlorate Combination ISE with an Orion Model 290A Advanced Portable
ISE/pH/mV/Temperature Meter.

Calibrations were performed with 10 pg/L, 20 pg/L, 40 pg/L, 60 pg/L, and 100 pg/L standards. Logarithmic
calibration curves for perchlorate concentration versus millivolts plotted on Excel spreadsheets consistently
achieved coefficients of determination (1*) greater than 0.990 (equivalent to r greater than 0.995) for the final
method. The method accuracy criterion of £20% was met for standards throughout the linear range of 10 to 100

pg/L.

The use of 200 mL of standards and sample, use of a magnetic stirrer, and analysis at controlled temperature
were found to be essential elements to achieve sensitivity for perchlorate near the 18 pg/L TDL and California
action limit. The effect of temperature variation was found to be minimized to less than 3.0 pg/L perchlorate/°C
above 22°C. Atlower temperatures, variations of 3.0 ug/L/°C at 22°C to 10.9 pg/L/°C at 10°C were reported.
Recalibration must be performed when temperature changes cause QC recoveries to exceed control limits.

Two ionic strength adjustor (ISA) solutions were studied and found acceptable for the low concentration
method. Optimal ISA addition was determined to be 1.0 mL of Sentek Perchlorate ISAB (1.0 M sodium
acetate) per 200 mL sample; or 2.0-5.0 mL of 0.4 M ammonium sulfate per 200 mL of sample (0.4-1.0 mL of
Orion 930711 ISA) per 200 mL sample. Two times higher concentrations of ISA or ISAB may be used for
samples with high background ionic strength with no expected loss of sensitivity.

Significant interferences were encountered for elevated concentrations of some anions. Interference due to
carbonate and bicarbonate was eliminated by the acidification of all standards and samples to pH 4.0 with
sulfuric acid. Correction factors must be applied for concentrations in excess of 0.12 mg/L nitrate-as-nitrogen
(NO;-N), 50 mg/L chloride, and 1.2 mg/L bromide. Some anions, notably nitrate, and possibly some organic
chemicals, were found to reduce electrode sensitivity between analyses. Sample matrices with nitrate
concentrations greater than 0.2 mg/L NOs-N were found to require implementation of ISE reconditioning
between every sample analysis.

Split sample analyses were performed for 60 samples with definitive confirmation by EPA Method 314.0. Non-
detected ISE results were confirmed as non-detected in 54 of 55 samples, and detected results were confirmed
with varying degrees of accuracy in five samples. Matrix spike analyses indicate the potential for false
negatives at low perchlorate concentrations in samples with high levels of interfering anions, especially nitrate.

The method was found to perform well in matrices with low concentrations of anions, and is expected to be
especially useful for matrices with less than 1000 mg/L chloride or 1.5 mg/L NO;-N. Matrices with higher
concentrations of these anions must be evaluated to determine if this method meets project objectives.
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1.0 Task 1 — Evaluation of Solid State Probe Performance Characteristics

This section of the letter report of findings presents the results of method development for the Low
Concentration Method for the Determination of Perchlorate in Aqueous Samples Using lon Selective

Electrodes (the low concentration method).

1.1 Background

In 1999 Earth Tech developed a screening method for the determination of perchlorate in soils using an Orion
938101 plastic membrane half-cell perchlorate ion specific electrode (ISE) with double junction reference
electrode. The primary use for this method was to determine the concentration of perchlorate in soil samples
by screening level analysis at or near the site of drilling operations to aid the field sampling crew in selecting
samples for definitive-level analysis and in making decisions for further drilling locations. Ten percent of soil
samples analyzed by this method were confirmed by definitive-level analysis. The method was determined to
be effective, and the USEPA expressed an interest in developing a method for the determination of

perchlorate in aqueous samples using solid state ISEs.

The soils method uses an extraction ratio of 10 grams (g) of soil to 100 milliliters (mL) of water, with analysis
in general accordance with manufacturer specifications and USEPA quality assurance (QA) criteria. The 0.2
to 0.7 milligram per liter (mg/L) detection limits (DLs) for waters (equivalent to 200 to 700 micrograms per
liter [ng/L]) specified by the manufacturers of perchlorate ISEs allow for DLs of 2.0 to 7.0 milligram per
kilogram (mg/kg) in soils. Allowing for gradual loss of sensitivity, the reporting limit of 15 mg/kg used for
the soils analyses meets the California Preliminary Remediation Goal (PRG) of 39 mg/kg in residential soils

without modifying manufacturer specified analytical procedures.

As the California advisory action limit for perchlorate in waters is 0.018 mg/L (equivalent to 18 ug/L), the
focus of the current study was to develop methodology for the determination of perchlorate at a target
detection limit (TDL) of 18 pug/L, which is 12 to 40 times below manufacturer specified detection limits. The
conceptual basis for the low concentration method is a low-level measurement procedure described in the
instruction manual for the Orion 938101 plastic membrane half cell perchlorate ISE. This procedure was

modified and developed in the current study to produce a method with a reporting limit (RL) set at 15 pg/L,
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supported by a low calibration point of 10 pg/L, and a method detection limit (MDL) of 3 pug/L, using solid
state ISEs.

Aqueous perchlorate concentrations for this study were reported in pg/L, or parts per billion (ppb), as the
range of interest for perchlorate is 10-100 ppb. Anion interferent concentrations were reported in mg/L, or
parts per million (ppm), as concentrations of interferents studied were in the ppm range. Further references to
perchlorate concentrations in this report are in ppb, and references to anion concentrations are in ppm. All

such references are for aqueous solutions.

1.2 Equipment Comparison

Equipment and supplies were procured for the comparison of the Sentek 367-75 solid state perchlorate
combination ISE (the Sentek ISE) to the Orion 938101 plastic membrane half-cell perchlorate ISE with
double junction reference electrode (the Orion ISE). The Sentek ISE is a solid state sensor with built in
reference element that does not require any filling solution or maintenance, and can be stored dry; whereas the
Orion ISE utilizes a reference electrode that requires maintenance of both inner and outer chamber filling
solutions, and must be stored in a special solution, or dismantled, cleaned, and stored dry. Perchlorate ISEs
with similar characteristics are available from other manufacturers, and no requirement or recommendation of

brand or manufacturer is implied.

In method development, the Sentek ISE was found to be sensitive to concentrations below 10 ppb. The Orion
ISE was found to be sensitive to approximately 50-100 ppb (for details, refer to Section 1.3.1). Due to the
lower detection limits, simplicity of the solid state ISE with built-in reference electrode, and ease of storage,
the Sentek ISE was selected for the full method development studies, interference studies, and split sampling

analyses.

Comparison of data acquisition systems for the read-out of millivolt readings was also performed. The Orion
and Sentek ISEs were set up so millivolt readings could be read on both an Orion Model 290A Advanced
Portable ISE/pH/mV/Temperature Meter and a Laval ELIT 8804 Computer Interface (Four Channel Serial
Port RS232 Communication Port Connection and Laval ELIT Extended Software for ISE Interface 8804 for
10,000 Measuring Points). Data acquisition systems for ISEs with similar characteristics are available from

other manufacturers, and no requirement or recommendation of brand or manufacturer is implied.
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Millivolt readings were found to be consistent for each ISE on both instruments; however, the calibration
features of both instruments were found to be difficult to use effectively. In calibration mode with the Orion
290A, it was difficult to determine when millivolt readings had adequately stabilized; and the Laval ELIT
software was unable to integrate an appropriate curve and was tedious to use for saving data points. Both

instruments were able to effectively readout in millivolts and monitor millivolt reading stability.

Millivolt readings from the meter or ELIT software were therefore manually logged into a bench logbook,
then entered into an Excel spreadsheet which allowed graphic representation of the calibration curves with
equation and output of the coefficient of determination (r°), and direct output of concentration from millivolt
readings (see presentation of data in the attached tables). After two weeks of running ISEs on both

instruments, the meter was used alone for further analyses.

1.3 Method Development

1.3.1 Low Concentration Sensitivity Studies

Initially, aqueous perchlorate standards were prepared from reagent grade potassium perchlorate at 10 ppb, 25
ppb, 50 ppb, 100 ppb, and 500 ppb. Calibrations were then attempted using the Orion and Sentek ISEs with

addition of different types and concentrations of ionic strength adjustor (ISA) solutions, including no ISA.

Difficulties were initially encountered with both ISEs, including similar and inverted millivolt readings for
decreasing perchlorate concentrations below 100 ppb. Experimentation with the following parameters
improved the linearity of the millivolt readings significantly. The volume of the standards was changed from
50 mL to 200 mL, the use of a magnetic stirrer was implemented, stronger perchlorate solutions were used for
preconditioning of the perchlorate ISE, and reconditioning was performed on a more frequent basis. These
protocols significantly improved stabilization time, linearity, accuracy, and precision. Standards at 10 ppb, 20
ppb, 40 ppb, 60 ppb, and 100 ppb were used to focus of the calibration range to the concentrations of interest.
In the initial trials with the orion plastic membrane half-cell ISE with double junction reference electrode,
calibrations were unable to indicate an ability to differentiate between standards below 100 ppb, as presented

in Table 1-1. Although several combinations of ISA were tried, the lower limit of sensitivity for the Orion
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ISE was determined to be 100 ppb. Therefore, the Orion ISE was not used for method development due to

unacceptable performance at the TDL.

In the initial trials with the Sentek 367-75 solid state combination ISE, calibrations demonstrated the ability to
differentiate standards from 20 ppb to 100 ppb, as presented in Table 1-1. Subsequent calibration curves for
the Sentek ISE were acceptable and able to include all standards down to 10 ppb, therefore, the Sentek ISE
was chosen for method development. All further references to method development are for the Sentek ISE,

unless otherwise specified.

1.3.1.1 Calibration Curves

After the initial trials, full calibrations including 10 ppb, 20 ppb, 40 ppb, 60 ppb, and 100 ppb standards were
run on a daily basis, with one Sentek ISE set up for readings on the Orion 290A meter, and one Sentek ISE set
up for readings on the Laval ELIT computer interface. Logarithmic calibration curves for perchlorate
concentration versus millivolt readings were prepared on Excel spreadsheets. Initially, coefficients of
determination (r*) were greater than 0.980 (equivalent to r greater than 0.990) for all of the calibration curves.
However, as method development progressed and the effects of different variables were determined,
calibration curves with r* greater than 0.990 (equivalent to r greater than 0.995) were consistently achieved,
with r* for most curves exceeding 0.995 (refer to Table 1-2 for examples of calibration curves with r’
approximately equal to 0.98 and 0.99). For the final low concentration method, coefficients of determination

greater than 0.990 are considered necessary to demonstrate acceptable linearity.

1.3.1.2 Method Detection Limit Studies

An initial MDL study was performed on January 4, 2001 according to requirements specified in 40 CFR Part
136, using 10 consecutive replicate analyses of a 25 ppb standard with 2 mL of 0.4 molar (M) ISA in 200 mL
of standard, and no pH adjustment. The MDL was determined to be 3 ppb, as presented in Table 1-3. The 3
ppb MDL was confirmed in a second MDL study on January 24 through 29, 2001, as presented in Table 1-4.
Fifteen non-consecutive analyses were performed on a 20 ppb standard on four different days, using ImL of
Sentek ISAB in 200mL standard and pH adjustment to pH 4.0. The MDL standards were analyzed

intermittently between field sample analyses to provide an MDL for working conditions.
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Periodic tests of method blanks, 5 ppb standards, and 10 ppb perchlorate standards indicated acceptable
differentiation of millivolt readings at 5-10 ppb for a distilled water matrix. Although the MDLs were 3 ppb,
results for standards less than 5 ppb could not generally be considered differentiable from results for blanks.

1.3.1.3 Practical Quantitation Limit

The practical quantitation limit (PQL), or reporting limit (RL), was set at 15 ppb, which is five times the
MDL, and 20% below the 18 ppb project TDL and California action limit. The quality control (QC) criterion
for accuracy is +20% for this method (refer to Section 1.3.1.5, below). Results reported as non-detected (ND)
at the PQL or MDL can be considered to indicate the absence of perchlorate at that concentration. If results
are to be reported as detected between the PQL and MDL, such results should be considered estimated as
quantiatively and qualitatively uncertain due to possible matrix effects. However, results below the PQL of
15 ppb should not be reported as detections unless the matrix is demonstrated to be free of positive

interferences.

For samples with chloride concentrations above 50 ppm, perchlorate readings less than 50 ppb require
subtraction of a correction factor due to positive interference according to Table 4.7; and perchlorate readings
greater than 60 ppb require dilution and reanalysis due to potential negative interference, as indicated in Table
4.2C. For samples with nitrate concentrations above 0.12 ppm nitrate-as-nitrogen (NO;-N) or bromide
concentrations greater than 1.2 ppm, perchlorate readings require subtraction of a correction factor due to
positive interference according to Tables 4.8 and 4.9, respectively. For a full description of the matrix
interference studies, refer to the Task 4 Letter Report of Findings, Section 4.0; and Sections 1.3.2.7, 1.3.2.8,
and 1.3.2.9, below.
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1.3.1.4 Linear Range

The linear range for the low concentration method is considered to be 10-100 ppb perchlorate. Linearity and
percent recoveries are acceptable from 10 ppb to 100 ppb; however, the calibration curves flatten off above
100 ppb. To determine concentrations of perchlorate above 100 ppb, samples can be diluted such that they are
within the linear range, or if the concentration exceeds 500 ppb, calibration can be performed to include
standards at higher concentrations with stronger ISA concentrations according to ISE manufacturer
recommendations. Due to the potential for positive bias matrix interference, dilution and reanalysis of

samples with perchlorate readings in the upper half of the linear range is recommended.

Perchlorate ISEs are listed by the manufacturers as having a usable range from 200-700 ppb through 99,500
ppm if appropriately calibrated. As the focus of this investigation is the determination of perchlorate at
concentrations below the manufacturer specified range, analysis of high concentration perchlorate samples is

not included in this Letter Report of Findings.

1.3.1.5 Quality Assurance/Quality Control

Quality assurance/quality control (QA/QC) criteria were applied to all analyses to ensure usable quality of the
data during method development and split sample analyses. The sequences and concentrations of QC samples
were varied during method development, but generally followed typical EPA requirements for QC, as
summarized in this section. Complete QA/QC requirements are specified in Section 8.0 of the Standard
Operating Procedure (SOP) for the Low Concentration Method for the Determination of Perchlorate in
Aqueous Samples Using lon Selective Electrodes presented in the Letter Report of Findings for Task 3,
Section 3.0, Attachment 1.

Initial calibrations were performed using 5 initial calibration standards (ICAL), with the low standard at a
concentration below the PQL. A blank calibration standard is not recommended in ISE manufacturer
protocols and was not included for the low concentration method as linearity to the origin is not expected for
ISE methods. The logarithmic calibration curves were required to meet a correlation coefficient criterion of r’
>0.990 (r >0.995). In addition, millivolt readings for each ICAL standard were converted to perchlorate

concentrations to verify +20% accuracy throughout the linear range.
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Second source standards were analyzed as laboratory control samples/initial calibration verification check
samples (LCS/ICV) with each analytical run. Continuing calibration verification check samples (CCV) and
method blanks/initial or continuing calibration blanks (MB/ICB or CCB) were analyzed at a frequency
exceeding one per 10 samples. Matrix spikes and duplicate analyses were analyzed during split sample
analyses at a frequency in excess of one per 20 samples to determine matrix specific accuracy and precision.
Corrective actions were implemented when QC sample recoveries exceeded the £20% method accuracy

criterion.

All standards were made from reagent grade salts dissolved in deionized water and diluted to the
concentrations required with high accuracy/high precision pipettes. In addition to glass pipettes, a variable
volume pipettor with tip ejector was found to be extremely useful for accurate pipetting. ICVs, LCSs, and
CCVs were prepared at varying concentrations, including 20, 25, 40, and 50 ppb. Check standards at 5 ppb or

10 ppb were also analyzed for some analytical runs.

The following analytical sequence is recommended as a result of method development: ICALs at 10, 20, 40,
60, and 100 ppb; ICV/LCS at 25 ppb or 50 ppb; MB/ICB; 10 samples or less; CCV at 20 ppb; MB/CCB; 10
samples or less; LCS; CCB; etc. In addition, a check sample at 10 ppb and/or 5 ppb may be considered
appropriate after the ICAL or ICB to demonstrate sensitivity and the ability to differentiate between a low
concentration standard and a blank, depending on project objectives, especially for clean matrices or if results

are to be reported below the PQL.

Although mid-range check standards (50 ppb for the specified linear range) are normally used for EPA
methods, concentrations for check standards for this method at 20-25 ppb may be preferable to demonstrate
accuracy and sensitivity near the 18 ppb TDL and California action limit. The concentration of the ICV/LCS
may be set at 50 ppb to check mid-range accuracy if appropriate for project objectives, but at least one check

standard (the CCV) should be set at 20-25 ppb.

Accuracy should meet a £20% criterion, precision should meet a 20 relative percent difference (RPD)
criterion, and MBs/ICBs/CCBs should be less than 7.5 ppb or a level appropriate to project objectives,
generally specified as one-half the PQL or project RL.
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In general, the method demonstrated the ability to perform within the specified QC criteria. Method
development indicated that when ISE sensitivity was diminished by the matrix, QC sample recoveries at all
concentrations were affected. Corrective actions included re-conditioning the ISE module with acidified
blanks and 100-2000 ppb perchlorate solutions (refer to Section 1.3.2.1, below), verification and correction of
operating temperature (refer to Section 1.3.2.3, below), or recalibration and reanalysis of affected samples.
The most significant QC failures were due to matrix interferences that caused a positive bias followed by loss
of sensitivity. Analysis of QC samples between every field sample allowed the problematic samples to be
singled out and the matrix interference to be identified as carbonate/bicarbonate. Nitrate was later found to
cause similar interference during interference studies. Adjustment of pH to 4.0 was implemented to eliminate
carbonate/bicarbonate interference, and all samples were successfully reanalyzed (refer to Sections 1.3.2.6,
4.1, and 4.2). Implementation of reconditioning between samples acceptably mitigated the loss of sensitivity

due to nitrate (refer to Sections 1.3.2.1, 1.3.2.8, and 4.4).

1.3.2 Method Variables

Samples and standards were analyzed at different concentrations in different sequences on many different
dates, varying certain parameters such as ISE module conditioning, sample volume, stirring, temperature,
amounts and composition of ISA, pH, and matrix effects. The effects of different variables are discussed in

this section.

1.3.2.1 Perchlorate ISE Module Conditioning

ISE manufacturers recommend preconditioning ISE modules in perchlorate solutions prior to use. Periodic
reconditioning of the ISE is also recommended during the analytical sequence. For maximum effectiveness,
conditioning solutions should be prepared the same as the standards and samples, including ISA and pH
adjustment, as appropriate. Sentek recommends conditioning their perchlorate ISE modules in a perchlorate
solution at a concentration equivalent to the lowest calibration standard for 10 minutes. Orion specifies
preconditioning a new unit in 100 ppm solution for one-to-two hours, and storing the unit in the same solution
between analyses; however, the Orion unit was not used in method development, and no recommendations for
conditioning the Orion ISE are included in this section.

For the Sentek ISE, the manufacturer-specified working range is 200 ppb to 99,500 ppm and the low standard
would be 200-500 ppb; whereas for the low concentration method, the low standard is 10 ppb. During
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method development with the Sentek ISE, conditioning solution concentrations of 10 ppb, 50 ppb, 500 ppb, 2
ppm, and 50 ppm were tried. Conditioning with 10 ppb was found to be ineffective, and 50 ppm was found to
destabilize low-end sensitivity. A 500 ppb solution was found to work well for preconditioning of the ISE

module.

During field sample analyses, stabilization of the millivolt readings generally took longer than for calibration
standards, most likely due to chemical contaminants from the samples blocking perchlorate electrode or
reference electrode conductivity sites in the ISE module. When time required for millivolt readings to
stabilize became excessive, or if low recoveries for check standard recoveries were encountered after analysis
of field samples, reconditioning of the ISE in a 100 ppb perchlorate solution acidified to pH 4 was generally
found to work effectively, decreasing stabilization time and increasing sensitivity and accuracy. In addition,
the acidification of samples and blanks was found to increase sensitivity without adversely affecting

performance.

Some anions, notably nitrate, and possibly some organic chemicals, appeared to be the cause of electrode
sensitivity loss. During method development, sample matrices with nitrate concentrations greater than 0.2
ppm NOs-N were found to require implementation of reconditioning between every sample analysis to
maintain sensitivity. As concentrations of nitrate increased, stronger solutions of perchlorate were required to
recondition the ISE in a reasonable amount of time, with 2000 ppb perchlorate solutions found most effective
in maintaining sensitivity and accuracy when analyzing samples with nitrate concentrations above 2.0 ppm

NO;-N.

Therefore, for the low concentration method, preconditioning the Sentek perchlorate ISE with a 500 ppb
perchlorate solution daily prior to analyses, and reconditioning with 100-2000 ppb perchlorate solutions at a
frequency applicable to the matrix being analyzed is specified in the method. Reconditioning frequency may
range from the use of a 100 ppb perchlorate standard once or twice a day or once per analytical sequence of
10 field samples (12 analyses including MB and CCV) for cleaner matrices, to use of a 2000 ppb solution

between every sample for samples with high nitrate or other loss-of-sensitivity interferents.

Reconditioning includes soaking the perchlorate ISE in deionized water acidified to pH 4.0 for one minute to
clean interfering ions from the electrode membrane; followed by immersion in a 100-2000 ppb perchlorate

solution acidified to pH 4 for one to six minutes, depending on time required for millivolt readings to
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stabilize, to regenerate perchlorate sites in the ISE membrane. The ISE should then be allowed to restabilize

in a blank prior to sample analysis.

Use of 500 or 2000 ppb concentration solutions should be progressively implemented when the 100 ppb
solution is found not to regenerate sensitivity within four to six minutes, or after analysis of any sample with
known high concentrations of nitrate. Use of stronger solutions does not adversely affect accuracy, but

requires additional time for the ISE to restabilize in a blank before sample analysis.

Acid blanks and perchlorate conditioning solutions should be adjusted with ISA and sulfuric acid the same as
the standards and samples. All reconditioning protocols applied to field sample analyses must be applied to

analyses of QC samples as well.

Even when reconditioning is not required due to nitrate, routinely storing the ISE briefly in a 20 ppb
perchlorate standard followed by a thorough rinse between each sample was found to help maintain sensitivity
in general. This can lead to faster analysis times because millivolt readings stabilize more quickly, with fewer

reanalyses required due to declining check standard recoveries.

When sensitivity for a specific ISE module is found to decrease with extended use, Sentek recommends using
an abrasive such as fine emery paper to renew the exposed PVC surface of the electrode. See manufacturer
directions for this procedure. If sensitivity cannot be restored, the ISE module must be replaced. Note that

exposure to samples containing organic solvents may permanently degrade the electrode membrane.
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1.3.2.2 Sample Volume and Stirring

The initial studies were conducted using 50 mL of standard and no stirring mechanism. The Orion ISE was
not able to differentiate between 20 to 100 ppb standards under these conditions, and the Sentek ISE was not
able to meet linearity requirements. The use of 200 mL and a magnetic stirrer made a significant difference in
the ability of the Sentek ISE to perform at the required concentrations. Therefore, the use of 200 mL of
standards and sample, and the use of a magnetic stirrer are considered to be essential elements for the
determination of perchlorate near the 18 ppb TDL. Note that due to low volumes of sample provided for the
first round of split samples, sample volumes of 120 mL were successfully analyzed; however, the use of 200

mL is recommended.

1.3.2.3 Temperature Effects

During method development, millivolt readings were found to be very slow in stabilizing at temperatures
below 19°C. Astemperatures increased above 20°C, readings were found to stabilize much more readily. At
16-20°C, readings for the lowest concentration standards could take 10 minutes to stabilize enough to read. At
20-25°C, the same standards took less than five minutes to stabilize. In addition, the millivolt readings
increase with temperature, lowering the concentration readout for perchlorate. Calibrations and sample

analyses should be performed an approximately constant temperature.

A study of the effect on temperature was conducted on January 29, 2001, as presented in Table 1-5. For a
standard with a true value of 20 ppb perchlorate and a found value of 19.9 ppb at 25.5°C, the following
changes in concentration with respect to temperature were noted. The most significant effects were noted at
lower temperatures. With temperature increases from 10.0°C to 12.5°C, a 27.2 ppb decrease in the reading
for perchlorate was noted (10.9 ppb/°C). From 19°C to 21.5°C the decrease was 7.8 ppb (3.1 ppb/°C) and
from 21.5°C to 24.0°C the decrease was 5.5 ppb (2.2 ppb/°C). At higher temperatures, the effect was less
pronounced. From 27.5°C to 32.5° the decrease was 7.0°C (1.4 ppb/°C). Additional temperature studies for
other concentrations (method blank, 10 ppb, and 50 ppb) are suggested for future study.

As with all ISE methods, accuracy is best if calibration standards and samples are analyzed at the same
temperature. However, as a field screening method this may not always be possible. The effect of

temperature variation will be minimized as long as the temperature exceeds 22°C and is kept constant to
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within a few degrees. If the temperature changes such that QC sample results are not within control limits, a

recalibration must be performed (refer to Task 3 Letter Report of Findings).

As the temperature of all standards and samples must be the same for accurate analysis, all standards or
samples stored in a cooler or refrigerator must be allowed to warm to ambient temperature before analysis.
Due to the stability of perchlorate in aqueous samples at room temperatures, samples and working standards
may remain at room temperature overnight. Samples or standards should not be warmed by exposure to

sunlight or other light sources, as perchlorate concentrations may be affected by ultraviolet light.

1.3.2.4 Ionic Strength Adjustors (ISA)

ISA solutions are made from the same chemicals present in the reference electrodes for each ISE. For ISE
analyses to succeed, all standards and samples must be at approximately the same background ionic strength.

Therefore, ISA is added to all standards and samples.

Two ISAs were used in method development, and both were found to work acceptably. The manufacturer-
recommended standard amount of ISA for the Orion ISE is 2 mL of 2.0 molar (M) ammonium sulfate per 100
mL sample when operating in the normal operating range (0.7 — 98,500 ppm). The Orion low-level
measurement procedure specifies use of 1 mL 0.4 M ISA per 100 mL sample (10% of the standard Orion
ISA). Sentek specifies use of 2 mL of their 1.0M sodium acetate “Perchlorate ISAB” per 100 mL sample
(ISAB refers to the buffering capacity of this ISA) when operating in the normal operating range (0.2 —
98,500 ppm). The Orion ammonium sulfate ISA is referred to hereafter as “ISA,” and the Sentek sodium
acetate ISA is referred to hereafter as “ISAB.” Approximately half the method development work and half

the sample analyses were performed with each type of ISA.

Initial studies included an attempt to use no ISA. The attempt to use no ISA was not successful, and is

considered inappropriate for determination of perchlorate at the low concentrations required to meet the TDL.

On January 9, 2001 calibrations were performed using 2 mL, 3 mL,4 mL, 5 mL, and 11 mL of 0.4 M ISA per
200 mL sample to determine the effects of differing ISA concentrations on method parameters, as presented in
Table 1-6. The calibration with the best coefficient of determination and the steepest slope was the 5 mL of

0.4 M ISA per 200 mL sample, approximately equivalent in concentration to 25% of the standard Orion
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amount of ISA. Similar coefficients of determination and slopes resulted from use of the ISAB at 25% of the

manufacturer recommended amount during subsequent method development.

Therefore, 25% of the standard ISAB or 10-25% of standard Orion ISA were determined to be appropriate for
the low concentration method. These levels of ionic strength adjustment maintain linearity down to the
lowest calibration standard, support check standards of 5 ppb, and the resulting conductivities in the standards
appropriately adjust the background ionic strength to functionally equivalent levels for standards and field

samples.

Parallel calibrations using 2 mL and 5 mL of 0.4 M ISA per 200 mL sample were maintained on January 10,
2001; and 5 mL and 10 mL of 0.4 M ISA per 200 mL sample were maintained on January 12, 2001. Field
samples were analyzed with both concentrations of ISA for each of these dates during investigation of matrix
effects related to sample conductivity (refer to Table 1-7). Perchlorate readings for the analyses of QC
samples and field samples from the parallel calibration curves were within 5% (refer to readings highlighted
in bold in Table 1-7), demonstrating that effectively there was no difference in accuracy for the different ISA
concentrations. After January 12, 2001, 1 mL of 1M ISAB per 200 mL sample was used for further method

development studies (25% of manufacturer-recommended strength).

Millivolt readings for the different amounts of ISA were not significantly different for each level of ICAL
standard in the calibrations for each date or for the different samples and QC samples in Tables 1-6 and 1-7.
Further indication that accuracy and precision are not affected by the different ISA solutions was provided by
the results of the MDL studies. MDL studies using ISA (Table 1-3) and ISAB (Table 1-4) independently
provided MDLs of 3 ppb. The acceptable calibrations and low concentration check standards achieved with
both ISA and ISAB demonstrate that there was no difference in sensitivity for the different ISA/ISAB
concentrations. Thus, different levels of background ionic strength adjustment in samples do not appear to
significantly affect perchlorate readings, as long as minimum adjustment equivalent to 10% of the Orion ISA

or 25% of the Sentek ISAB are used.

As the conductance of a sample matrix is proportional to the common anions present in the matrix,
conductivities of ISA standards (refer to Table 1-8) and samples (refer to Table 1-9) were measured in
microsiemens/cm (uS/cm) or microMhos/cm (uMhos/cm), which are considered equivalent terms, during the

ISA studies and during split sample analyses to determine relative ionic strengths. Studies of the conductivity
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of different concentrations of ISA with no pH adjustment were performed on January 8, 2001 (refer to Table
1-8A). The lowest concentration ISA in this study (2 mL 0.4 M ISA per 200 mL sample) was the
concentration specified in the Orion low-level procedure, equivalent to 10% of the standard Orion ISA. The
highest concentration ISA was approximately equivalent, when corrected for additional volume, to 50% of the
standard Orion ISA. Additional studies of the conductivity of different concentrations of ISA at pH 4, and
ISAB without pH adjustment and at pH 4 were performed on April 23,2001 and May 1, 2001 (refer to Tables
1-8B through 1-8D). Conductivity did not significantly change for the ISA solutions with acidification to pH
4, as very little acid was required to effect pH changes (Tables 1-8A and 1-8B). More significant
conductivity changes were effected by acidification for the ISAB solutions with acidification to pH 4 due to

the buffering capacity of ISAB (Tables 1-8C and 1-8D).

The ionic strengths for ISA and ISAB adjusted solutions are approximately the same for the amounts of ISA
used for method development and recommended for the low concentration method. For the ISA, 2 mL of 0.4
M ammonium sulfate per 200 mL of sample produces a 3.96 millimolar (mM) solution with 11.88
milliequivalents per liter (meq/L) of individual ions; whereas for the ISAB, I mL of 1.0 M sodium acetate
produces a 4.98 mM solution with 9.95 meq of individual ions per liter (refer to Tables 1-8E and 1-8F,
highlighted data; and Table 1-8F graph). Note that each formula weight of ammonium sulfate contributes
three ions and sodium acetate contributes two ions. Although the ISA ionic strength adjustment (meq/L) is
slightly higher than the ISA adjustment, the conductivity for the ISA adjusted solution is significantly higher
due to the higher conductivity of the ions in ammonium sulfate than those in sodium acetate (refer to labeled

points on Table 1-8E graph).

Therefore, for the low concentration perchlorate method, either the Sentek ISAB can be used at 25% of
manufacturer-specified strength or the Orion ISA can be used at 10-25% of the standard manufacturer-
specified strength. For the Sentek ISAB, the use of 1 mL of Sentek Perchlorate ISAB (1.0 M sodium acetate)
per 200 mL sample is recommended. For the Orion ISA, the use of 2-5 mL of 0.4 M ammonium sulfate per
200 mL of sample, or 0.4-1.0 mL of Orion 930711 ISA (2.0 M ammonium sulfate) per 200 mL sample is
recommended. Further study is recommended to determine whether higher adjustment by ISA or ISAB may

be appropriate for samples with high background ionic strength, including samples with high levels of nitrate.

All standards and samples should be spiked with proportionally equivalent concentrations of the same ISA.

Different concentrations of ISA or ISAB should not be used interchangeably within a calibration, although
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minor changes in ISA are not expected to significantly affect data quality. Note that concurrent calibrations
can be maintained for any differences in adjustments to samples (such as pH, ISA/ISAB concentration, or

temperature) by making the same adjustments to the standards.

1.3.2.5 Matrix Effects

As method development progressed, split samples from Edwards AFB were analyzed to determine whether
definitive analytical results for perchlorate by ion chromatography (IC) according to EPA Method 314.0
could be reproduced by ISE using the low concentration method (refer to Table 1-9), and to investigate
method performance for a field matrix. These analyses immediately indicated both positive and negative
matrix interferences, so matrix interferences were systematically evaluated, starting with conductivity, then

specific anions (refer to Section 4.0 and Tables 4-1 through 4-6).

Although a direct relationship between false positive readings and conductivity was noted, some samples
caused significant loss of electrode sensitivity as well. From background information on the sampling
locations, the most likely significant interferents were determined to be carbonate/bicarbonate, chloride, and
nitrate. Bromide, fluoride, iodide, phosphate, and other anions such as thiocyanate were also identified as
interferents in the ISE manufacturer specifications. Carbonate/bicarbonate, chloride, bromide, fluoride,

nitrate, and phosphate were investigated in the current study.

Addition of sulfuric acid to adjust all samples and standards to pH 4.0 was found to effectively remove
carbonate/bicarbonate interference (see Section 1.3.2.6, below). Corrections must be applied for chloride,
nitrate, and bromide interference if applicable to the matrix (see Sections 1.3.2.7,1.3.2.8, and 1.3.2.9, below).
If anion concentrations are not available for field samples and are suspected to be causing false positives or
other unacceptable interference, ion-specific ISEs can be used to determine chloride, nitrate, and/or bromide
with the same ISE meter used for the perchlorate determinations. Alternatively, analysis by the method of
standard additions (MSA) may be used to compensate for unknown anion interference (refer to Section 4.9),
especially for perchlorate readings less than 30 ppb. However, further studies of the effectiveness of MSA to

compensate for anion interferences are required.
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Additional interference from organic chemicals is also considered possible, and further study is
recommended. For a detailed description of the interference studies, refer to the Task 4 Letter Report of
Findings, Section 4.0.

1.3.2.6 pH Adjustment

The most troublesome patterns of interference in the initial attempts to analyze split samples from Edwards
AFB were false positives followed by low perchlorate readings and low recoveries of QC check standards.
After some experimentation, specific samples were isolated that caused a false positive bias with loss of
sensitivity for the subsequent analyses (for example, see samples P-6, P-7, P-8, P-9, P-14, P-16, and P-19 in
Table 4-10). Suspecting carbonate/bicarbonate as the interferent, tests on sodium bicarbonate spiked
standards at pHs of 8.0 (bicarbonate present), 6.7 (carbonate present), and 4.0 (no carbonate/bicarbonate)
determined that the effect could be eliminated by acidification to pH 4.0 with sulfuric acid (refer to Tables 4-
1,4-2,4-11, and 4-12).

Subsequent testing of field samples and sodium bicarbonate spiked standards with all calibration standards,
spiked standards, and field samples acidified to pH 4.0 demonstrated the ability of the method to work
effectively at this pH with no loss of sensitivity after analysis of samples high in carbonate/bicarbonate. Due
to the high prevalence of carbonate and/or bicarbonate in environmental samples and potential difficulties in
determining levels of carbonate/bicarbonate in field samples to be analyzed by this method, the acidification
of all standards and samples to pH 4.0 with sulfuric acid has been incorporated into the low concentration
method. In addition, the acidification of standards and samples to pH 4.0 results in steeper, more linear

calibration curves, and appears to aid in the maintenance of sensitivity of the perchlorate ISE modules.

For a detailed discussion of the carbonate/bicarbonate interference studies, refer to the Letter report of

Finding for Task 4, Sections 4.1 and 4.2.
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1.3.2.7 Chloride Correction

A correlation was noted between historical levels of chloride at sample locations, with apparent false positives
reported for perchlorate in samples with 100-500 ppm chloride by this method. These false positives were
reduced to non-detected levels when chloride and other interference correction factors were applied (refer to

Task 5 Letter Report of Findings).

A chloride interference study was performed on January 18 and 22, 2001 to determine the relationship
between chloride and bias for perchlorate readings. At pH 4.0, positive bias of 0-12 ppb perchlorate was
noted for chloride concentrations of 0-500 ppm in standards with less than 30 ppb perchlorate. For standards
with perchlorate above 30 ppb, the bias becomes less significant, then becomes negative at higher
concentrations. At pH 7.0, bias is insignificant at low concentrations and negative at higher concentrations.

Tables presenting chloride bias at pH 4.0 and pH 7.0 are presented in Tables 4-2A, 4-2B, and 4-2C.

The ISE manufacturer recommended protocol for the removal of chloride and several other ions listed as
interferents is addition of silver sulfate to all standards and samples. The addition of silver sulfate would be
costly, would result in additional waste disposal problems, would create solids in the solutions which would
be difficult to remove and when stirred for analysis could potentially interfere, and would generally impose

unacceptable difficulties on the use of this method as a field screening method.

Since the interferences due to chloride are relatively small, Table 4-7 was developed to correct perchlorate
readings for chloride interference. In general, chloride interference is expected to cause significant accuracy
problems only when perchlorate readings are between the RL (suggested to be 15 ppb) and 45 ppb (at pH
4.0), in which case chloride could contribute significantly to positive bias. The data indicate that for readings
above this level, chloride interference is negligible or may cause negative interference. For perchlorate
readings above 40 ppb, sample dilutions can be used to determine if interference is affecting results in such a

way as to affect project objectives.

If chloride concentrations are not available for field samples and chloride levels are suspected to be causing
false positives or positive bias, a chloride ISE can be used to determine chloride using the same ISE meter to
be used for the perchlorate determinations. Alternatively, analysis by MSA may be used to compensate for

unknown anion interference, especially for perchlorate readings less than 30 ppb, although further studies of
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the effectiveness of MSA to compensate for anion interferences are required (refer to Section 4.9).
Definitive-level analyses should be performed whenever project objectives may be affected by indeterminate

bias.

For a detailed discussion of the chloride interference studies, refer to the Letter report of Finding for Task 4,

Section 4.3.

1.3.2.8 Nitrate Correction

An initial nitrate interference study was performed on February 18, 2001 to determine the relationship
between nitrate and bias for perchlorate readings. Additional nitrate interference studies were performed
April 30 and May 1, 2001 to verify the findings of the initial study and extend the range of concentrations
studied. AtpH 4.0, positive bias of 2.75 ppb to greater than 70 ppb perchlorate was noted for concentrations
of 0.11 ppm to 10 ppm NO;-N in standards with no perchlorate. (Note that nitrate is most commonly
measured and reported in mg/L nitrate-as-nitrogen [ppm NO;-N]. The same results when reported as nitrate
are 4.43 times the results reported as nitrogen.) The data indicate positive interference at all concentrations of
nitrate in all concentration standards of perchlorate, with potential interference of two or more times the RL at

high levels of nitrate (refer to Tables 4-3A and 4-3B).

There is no suggested method for removal of nitrate interference in ISE product literature. Therefore, the
application of correction factors to perchlorate readings according to Table 4-8 should be applied when NO;-
N levels exceed 0.12 ppm. In addition, NO3-N concentrations greater than 0.2 ppm cause loss of sensitivity to
the electrode, requiring reconditioning of the ISE module in an acidified blank and an acidified 100-2000 ppb
perchlorate solution between every analysis to maintain adequate sensitivity to meet £20% accuracy criteria

during analytical runs in which such levels of nitrate are expected or encountered in field samples.

For matrices with levels less than 0.12 ppm NOs-N, positive interference for perchlorate readings will not
significantly exceed the £20% accuracy criterion for this method, and correction of perchlorate readings may
not be necessary. If nitrate concentrations are not available for field samples and nitrate levels are suspected
to be causing false positives or other unacceptable interference, a nitrate ISE can be used to determine nitrate
with the same ISE meter used for the perchlorate determinations. Alternatively, analysis by MSA may be

used to compensate for unknown anion interference, especially for perchlorate readings less than 30 ppb,
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although further studies of the effectiveness of MSA to compensate for anion interferences are required (refer
to Section 4.9). Definitive-level analyses should be performed whenever project objectives may be affected

by indeterminate bias.

For a detailed discussion of the nitrate interference studies, refer to the Letter report of Finding for Task 4,
Section 4.4.

1.3.2.9 Bromide Correction

A bromide interference study was performed on March 1, 2001 to determine the relationship between nitrate
and bias for perchlorate readings. At pH 4.0, positive bias of 0-8 ppb perchlorate was noted for bromide
concentrations of 0-5 ppm. The data indicate positive interference at all concentrations of bromide in all
concentration standards of perchlorate, with potential interference less than 10 ppb unless bromide exceeds 5

ppm (refer to Table 4-4).

The suggested method for removal of bromide is the addition of 1.0 gram of silver sulfate per 200 mL sample
to all standards and samples, which would generally impose unacceptable difficulties on the use of this
method (refer to Section 1.3.2.7, above). For concentrations of bromide normally expected in environmental
samples, bromide interference is not expected to significantly affect perchlorate results by this method. The
application of correction factors to perchlorate readings according to Table 4-9 has been included for use if

bromide concentrations greater than 1.2 ppm are determined to be present in samples.

For most matrices, bromide levels will be less than 1.2 ppm, and positive interference for perchlorate readings
will not exceed the £20% accuracy criterion for this method. If bromide concentrations are not available for
field samples and bromide levels are suspected to be causing false positives or other unacceptable
interference, a bromide ISE can be used to determine bromide with the same ISE meter used for the
perchlorate determinations. Alternatively, analysis by MSA may be used to compensate for unknown anion
interference, especially for perchlorate readings less than 30 ppb, although further studies of the effectiveness
of MSA to compensate for anion interferences are required (refer to Section 4.9). Definitive-level perchlorate

analyses should be performed whenever project objectives may be affected by indeterminate bias.

For a detailed discussion of the bromide interference studies, refer to the Letter report of Finding for Task 4,

Section 4.5.
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1.3.3 Split Sample Analyses

To help establish method accuracy and precision for environmental field samples, split samples from Edwards
AFB were analyzed during method development. Definitive analyses were performed by E.S. Babcock &
Sons, of Riverside, California according to EPA Method 314.0 (or CADOHS Modified EPA Method 300.0
for perchlorate). The known results of the definitive analyses for the first round of split sampling were used
to investigate the effects of variations in the method to identify and mitigate matrix interferences and achieve
results consistent with the definitive analyses. These split sampling results are included in Table 1-9. Results

of all split sample analyses are discussed in detail in the Letter Report of Findings for Task 5, Section 5.0.

14 Method Development Conclusions

Method development studies for the Low Concentration Method for the Determination of Perchlorate in
Aqueous Samples Using lon Selective Electrodes indicate that the solid state perchlorate ISE with built-in
reference electrode can be effectively used to determine if perchlorate is present in water at or above the
project TDL and California action limit of 18 pg/L (ppb), and can be used to determine perchlorate in

aqueous samples at concentrations from 15-100 ppb.

Perchlorate readings measured by the method at less than the 15 ppb RL can reliably be considered to be non-
detected within 20% of the reported concentration (the method utilizes a +20% accuracy criterion).
Perchlorate readings above 15 ppb may be biased high due to anion interference. Such samples require
knowledge or determination of the levels of chloride and NOs;-N, and correction of perchlorate readings
according to Tables 4-7 and 4-8. Therefore, perchlorate readings between 15-30 ppb for samples with
chloride concentrations of 30-500 ppm may be corrected to less than 15 ppb perchlorate. If NO;3;-N exceeds
0.2 ppm, reconditioning of the electrode between every sample is necessary. Perchlorate readings greater than
15 ppb for samples with NO;-N concentrations exceeding 0.12 ppm may be corrected to less than 15 ppb
perchlorate. In matrices for which bromide exceeds 1.2 ppm, additional corrections may be required

according to Table 4-9.

In cases where significant corrections lower results to below project action limits, the data user may decide

that definitive-level analyses are required to confirm the presence or absence of perchlorate, or to confirm bias
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due to chloride, nitrate, or other interferents. For samples with unknown levels of interfering anions, analysis
by MSA may have the potential to compensate for unknown anion interference, especially for perchlorate

readings less than 30 ppb.

1.5 Method Development Recommendations

Further studies are recommended to reconfirm the accuracy of the chloride, nitrate, and bromide correction
factors, and to study the effects of other potential interferents and mixtures of interfering anions. Possible
methods to mitigate nitrate interference, including use of different type or concentrations of ISA should be
explored to make the method more versatile. Further studies to determine and maximize the effectiveness of

MSA are required.

2.0 Task 2 - Investigate Sample Concentration Methods

Task 2 specifies the investigation of the robustness and effectiveness of sample concentration methods for
perchlorate in water analyses including sub-boiling point heating, heating to boiling point, and room
temperature evaporation. Task 4 specifies the investigation of potential interferences for the low-level ISE
screening method. Method development determined that in distilled water, the method detection limit (MDL)
of 3 ug/L (parts per billion - ppb) allows for a reporting limit (RL) of 15 ppb, which meets the project target
detection limit (TDL) and California action limit of 18 ppb with a 20% leeway for analytical accuracy.
However, when the method was applied to sample matrices for groundwater split samples from Edwards
AFB, problems with multiple interferences became apparent. Preconcentration of samples was therefore
deemed counterproductive, as the detection limits are low enough and additional concentration of samples
increases the matrix interference. Therefore, Task 2 was combined with Task 4 so additional work could be
performed to resolve the matrix interferences in the split samples, and to determine what steps could be
included in the method to effectively remove the interferences. For a complete discussion of the investigation

of matrix interferences, please refer to Section 4.0.
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3.0 Task 3 - Preparation of Revised Standard Operating Procedure

This section presents the Standard Operating Procedure (SOP) for the Low Concentration Method for the

Determination of Perchlorate in Aqueous Samples Using lon Selective Electrodes, d3.

A Preliminary Draft SOP for the Low Concentration Method for the Determination of Perchlorate in Aqueous
Samples Using lon Selective Electrodes was prepared prior to the analysis of split samples for this project.
The revised SOP is presented as the result of method development (refer to Letter Report of Findings for Task
1, Section 1.0), including method-specific information determined from matrix interference studies (refer to
Letter Report of Findings for Task 4, Section 4.0), and the first round of split sample analyses (refer to Letter
Report of Findings for Task 5, Section 5.0). The SOP is presented as Attachment 1.

4.0 Task 4 — Investigation of Interference Using ISE Protocol

This section of the letter report of findings presents the results of matrix interference studies for the Low
Concentration Method for the Determination of Perchlorate in Aqueous Samples Using lon Selective
Electrodes, as required for combined Tasks 2 and 4. Task 2 was combined with Task 4 so additional work
could be performed to resolve complex matrix interferences after it was determined that the preconcentration

of samples specified in Task 2 would result in increased matrix interference (refer to Section 2.0).

Task 4 specifies the investigation of potential interferences for the ions specified as interferents in the product
literature for the perchlorate ISEs, and the recommendation of items for further study based on the findings. In
addition to the investigation of six anions for matrix interference, the known results of definitive analyses for
groundwater split samples from Edwards AFB were used to determine and resolve field sample matrix

interferences.

Specific interferences due to carbonate/bicarbonate, bromide, chloride, fluoride, nitrate, and phosphate were
identified and quantitated (refer to Tables 4.1 through 4.6). Although listed as primary interferents in the
perchlorate ISE instrument documentation, thiocyanate and iodide were not investigated as these anions are

not commonly identified in samples at Edwards AFB, where the study was based.
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Carbonate and bicarbonate interferences were identified and removed by acidification of samples and
standards to pH 4.0 with sulfuric acid. Chloride at the 50-500 ppm concentrations in the split samples was
found to be an interferent requiring corrections to perchlorate readings according to Table 4.7. Nitrate was
found to interfere significantly at concentrations greater than 0.12 ppm nitrate-as-nitrogen (NO;-N). For
samples with greater than 0.12 ppm NOs-N, corrections to perchlorate readings according to Table 4.8 are
required, and reconditioning of the ISE module between every sample is required when matrices with NO5-N
concentrations greater than 0.2 ppm are encountered. Bromide was found to interfere at concentrations
greater than 1.2 ppm, which is higher than is typically found in environmental samples. For bromide, if
sample concentrations exceed 1.2 ppm, corrections to perchlorate readings according to Table 4.9 are
required. Fluoride and phosphate were found not to interfere in perchlorate quantitation. Dilution and
reanalysis may be appropriate to confirm applied correction factors. Interference greater than 20% of the
concentration in a perchlorate standard, or 20% of the 15 ppb RL for perchlorate standards less than the RL,

was considered to be significant for the purposes of these studies.

The use of the method of standard additions (MSA) was found to have potential to compensate for unknown
anion interference for samples with unknown levels of interfering anions, especially for perchlorate readings

less than 30 ppb.

4.1 Field Sample Matrix Interferences

As method development progressed, split samples from Edwards AFB were analyzed by the low
concentration ISE method to determine whether definitive analytical results for perchlorate by ion
chromatography (IC) according to EPA Method 314.0 could be reproduced by ISE using the low
concentration method. The ISE analyses immediately indicated both positive and negative matrix
interferences with a strong correlation of false positives to conductivity, so potential matrix interferences were

systematically evaluated by a review of historical results for the wells, where available (refer to Table 1.9).

The strongest correlations were between false positive perchlorate readings and carbonate/bicarbonate and
chloride levels. In addition, significant loss of electrode sensitivity after analysis of some samples with false
positive readings was noted. Several sequences of analyses allowed identification of possible samples
causing loss of sensitivity, including samples P-7 and P-16, which had over 200 ppm alkalinity as CaCO3,

and indicated the most likely cause to be carbonate/bicarbonate in the samples. Perchlorate readings for
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samples analyzed subsequent to sample P-7 were very low in spite of expected false positives due to known
concentrations of positive interferents, and were associated with 69% and 34% recoveries of check standards
after analysis of sample P-7 in data for two analytical runs on January 11, 2001. Sample P-16 demonstrated

the same effect, causing a 46% recovery of the check standard on January 15, 2001 (see Table 4-10).

Adjustment of pH to 4.0 with sulfuric acid, which converts bicarbonate and carbonate to carbon dioxide,
reduced the false positives significantly (for example, refer to Table 1-9, sample P-16) and removed the
negative interference caused by loss of sensitivity, as demonstrated by acceptable recoveries of check samples
during acidified reanalyses of samples previously associated with low recoveries in non-acidified analytical
runs (see Table 4-10). Correction of chloride interference according to Table 4-7, with additional minor
corrections for low concentrations of nitrate and bromide according to Tables 4-8 and 4-9, then produced
excellent agreement between split sample results, with the exception of samples P-1 and P-11, which required

significant corrections due to high levels of nitrate.

The results highlighted in bold in Table 1-9 for samples P-6 through P-9, P-16, and P-19 demonstrate the
corrective effects of acidification and chloride, nitrate, and bromide correction factor subtraction; and the
results for samples P-1 and P-11 (and samples P-102, P-103, and P-104, resampled for sample P-11)

demonstrate additional significant corrections for high levels of nitrate.

Additional interferences due to other anions were not apparent in the split samples. Interference due to
fluoride and phosphate were investigated with no effective interference demonstrated. Specific anion

interference studies are discussed in the following sections.

Samples with high known concentrations of organic contaminants were not analyzed due to the potential for
deterioration of the ISE module. In general, samples with high concentrations of organics are not

recommended for analysis by ISE as organic solvents are known to deteriorate the ISE membranes.

4.2 Carbonate/Bicarbonate Interference Studies

Carbonate and bicarbonate are listed in ISE product literature as being primary interferents for perchlorate

analysis by ISE. Acidification of samples using sulfuric acid is the suggested method for removal of the

interference. Bicarbonate exists only in samples at pH greater than 8.3. Below pH 8.3, bicarbonate is
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converted to carbonate. Below pH 4.5, total conversion of carbonate to carbon dioxide is expected. As
significant levels (greater than 100 ppm total alkalinity as calcium carbonate) of carbonate and/or bicarbonate
are commonly found in environmental samples at Edwards AFB and other groundwater sample matrices, and
as these ions were identified as causing interference for the low concentration perchlorate method,

interference studies of these anions were performed during method development.

Bicarbonate spiking solutions were prepared from reagent grade sodium bicarbonate. On January 22, 2001,
analysis of a 10 ppb perchlorate standard spiked with 50 ppm bicarbonate produced a perchlorate reading of
19.6 ppb, confirming suspected positive interference for bicarbonate. Subsequent analysis of this spiked
standard acidified with sulfuric acid to pH 6.75 (bicarbonate converted to carbonate) and pH 4.0 (all
carbonate removed by conversion to carbon dioxide) produced significantly increased millivolt readings
indicative of sequential removal of positive bias for perchlorate (refer to Table 4-11). These millivolt
readings for the acidified standards could not be specifically quantitated using the non-acidified calibration, as

the millivolt readings for each level of perchlorate differ between acidified and non-acidified calibrations.

Analyses of a blank, 50 ppm, 100 ppm, and 300 ppm sodium bicarbonate solutions were then performed
without pH adjustment. The 50 ppm bicarbonate solution produced a positive reading for perchlorate of 25.1
ppb. The 100 ppm and 300 ppm bicarbonate solutions produced readings for perchlorate of 31.3 ppb and 38.3
ppb, respectively, indicating increasing positive bias with increasing bicarbonate concentration (refer to
Table 4-1A). However, due to loss of ISE sensitivity after analysis of each bicarbonate standard, as
demonstrated by the 60% recovery of the subsequent check standard, the positive interference at these
concentrations is expected to actually be higher. Again, acidification of the 300 ppm bicarbonate solution to
pH 4.0 increased the millivolt readings significantly to levels that indicate complete removal of the

interference.

To demonstrate the effectiveness of acidification of samples to pH 4.0 in removing carbonate/bicarbonate
interference (both immediate positive bias and subsequent negative bias due to loss of sensitivity), on January
23,2001 a calibration was performed using standards acidified to pH 4.0 with sulfuric acid (refer to Table 4-
12). Initially, blanks with 50 ppm, 100 ppm, and 300 ppm of sodium bicarbonate were analyzed at pH 6.8 to
demonstrate relative positive bias for the carbonate ion (specific bias could not be demonstrated as the
millivolt readings for the non-acidified standards could not be quantitated using the acidified calibration).

Blanks, 10 ppb, 20 ppb, and 50 ppb perchlorate standards with 50 ppm, 100 ppm, and 300 ppm of sodium

L:\WORK\42674\WP\07\LETTER OF FINDINGS TASK 1-5.DOC 25 Final, October 2001



Letter Report of Findings: Perchlorate Screening Method Study
U.S. Army Corps of Engineers

bicarbonate were then analyzed at pH 4.0. All of the perchlorate readings were within the +20% accuracy
criterion, demonstrating effective removal of all interferences due to bicarbonate or carbonate, with no
residual loss of sensitivity (refer to Table 4-1B).

Note that during analysis of the carbonate samples (pH 6.8), recoveries of the 20 ppb perchlorate check
samples gradually decreased, and during analyses of the samples acidified to pH 4.0, the recoveries gradually
increased (refer to Table 4-12). From this trend it was inferred that conditioning of the ISE module with
acidified blanks helps counteract the loss of sensitivity caused by the carbonate/bicarbonate ions. This
conditioning was later applied to nitrate interference, and has been incorporated as part of the recommended

procedures in the method when loss-of-sensitivity interferences are expected or encountered.

To ensure complete removal of all carbonate and bicarbonate, the acidification of all samples and standards to
pH 4.0 has been incorporated into the low concentration method. This acidification appears to increase
linearity of calibrations as well as sensitivity, as demonstrated by consistent coefficients of determination

greater than 0.9975.

4.3 Chloride Interference Studies

Chloride is listed in ISE product literature as being a minor interferent for perchlorate analysis by ISE. As
significant levels of chloride (greater than 50 ppm) are commonly found in environmental samples at Edwards
AFB and other groundwater sample matrices, and as an obvious correlation was apparent between chloride
and false positives for perchlorate in the first round of split sample analyses, interference studies were

performed for chloride during method development.

Chloride spiking solutions were prepared from reagent grade sodium chloride. On January 18,2001, 10 ppb,
20 ppb, and 50 ppb perchlorate standards spiked with various combinations of 50 ppm, 100 ppm, 300 ppm,
400 ppm, and 500 ppm chloride were analyzed with no pH adjustment (refer to Table 4-13). On January 22,
2001, blanks spiked with 50 ppm, 100 ppm, 300 ppm, and 500 ppm chloride were analyzed with no pH
adjustment (refer to Table 4-11). Minor positive interference was noted for the blank and 10 ppb perchlorate
standards, and more pronounced negative interference was noted for the 20 and 50 ppb perchlorate standards,

with greater interferences at higher chloride concentrations (refer to Table 4-2A).
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On January 18 and 25, 2001, blanks, 20 ppb, 40 ppb, and 70 ppb perchlorate standards spiked with 50 ppm,
100 ppm, 300 ppm, and 500 ppm chloride were analyzed with pH adjustment to 4.0 (refer to Tables 4-14 and
4-15). Positive interference was noted for the blank, 20 ppb, and 40 ppb perchlorate standards, and negative
interference was noted for the 70 ppb perchlorate standard (refer to Table 4-2B).

Additional analyses of a 50 ppb perchlorate standard spiked with 50 ppm, 60 ppm, 200 ppm, 1000 ppm, and
2000 ppm chloride; as well as 200 ppm, 1000 ppm, and 2000 ppm of chloride in blank, 20 ppb and 70 ppb
perchlorate standards were performed on April 24, 2001 to verify the point of inflection between positive and
negative bias, and extend the range of chloride concentrations studied (refer to Table 4-16). The additional
analyses confirmed levels of bias found previously for the 50-500 ppm chloride standards, and defined bias in
the 500-2000 ppm chloride range. The point of inflection between positive and negative bias was confirmed

to be at or marginally above 50 ppb perchlorate (refer to Table 4-2C).

The potential for significant interference of 3.0 ppb false positive (20% of the 15 ppb RL) in samples with
perchlorate concentrations less than 30 ppb commences at 50 ppm chloride, and rises to 12.5 ppb false
positive at 500 ppm chloride. For samples with perchlorate concentrations between 30 ppb and 50 ppb,
significant interference commences at 100 ppm chloride, and rises to 7.7 ppb false positive at 500 ppm
chloride. The data indicate that for samples with perchlorate concentrations above 50 ppb, chloride
interference becomes negligible then causes negative bias (refer to Table 4-2C). For samples with perchlorate
readings above 50 ppb, sample dilutions should be performed to determine if interference is affecting results

in such a way as to affect project objectives.

The suggested method for removal of chloride is the addition of 1.0 gram of silver sulfate per 200 mL sample
to all standards and samples. The addition of silver sulfate would be costly, would result in additional waste
disposal problems, would create solids in the solutions which would be difficult to remove and when stirred
for analysis could potentially interfere, and would generally impose unacceptable difficulties on the use of
this method. Therefore, the application of correction factors to perchlorate readings according to Table 4-7
has been implemented for the low concentration method. For samples with perchlorate readings above 30
ppb, dilution and reanalysis should be performed to help resolve the proportion of bias due to interference or
actual perchlorate in the samples. This table is applicable to readings using adjustment of pH to 4.0, since pH

adjustment is considered part of the low concentration method.
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If chloride concentrations are not available for field samples and chloride levels are suspected to be causing
false positives or other unacceptable interference, a chloride ISE can be used to determine chloride with the
same ISE meter used for the perchlorate determinations. Alternatively, for samples with unknown levels of
chloride, analysis by MSA may be possible to compensate for unknown anion interference, especially for
perchlorate readings less than 30 ppb, although further studies of the effectiveness of MSA to compensate for
anion interferences are required. The use of MSA for samples with high levels of chloride may not be
effective (refer to Section 4.9). Definitive-level perchlorate analyses should be performed whenever project

objectives may be affected by indeterminate bias.

4.4 Nitrate Interference Studies

Nitrate is listed in ISE product literature as being an interferent for perchlorate analysis by ISE. Levels of
nitrate greater than 1.5 ppm NOs-N are not generally found in environmental samples at Edwards AFB and in
many surface and groundwater sample matrices, however, an historical nitrate level of 12.6 ppm was reported
for sample P-1, which had a false positive reading for perchlorate of 70.6 ppb, indicating a possible
correlation between nitrate and false positives for perchlorate. Therefore, interference studies were performed

for nitrate.

Nitrate spiking solutions were prepared from reagent grade sodium nitrate and from a certified 100 ppm ion
chromatography calibration standard. On February 28, 2001, blanks, 10 ppb, 20 ppb, and 50 ppb perchlorate
standards spiked with 0.11 ppm, 0.23 ppm, and 0.45 ppm nitrate-as-nitrogen (NO;-N), equivalent to 0.5 ppm,
1.0 ppm, and 2.0 ppm nitrate reported as nitrate, were analyzed with pH adjustment to 4.0. In addition, a
blank spiked with 1.13 ppm and 2.26 ppm NOs-N (5 ppm and 10 ppm nitrate) were analyzed to quantitate
potential false positives for higher levels of nitrate (refer to Table 4-17). Positive interference was noted for
all concentrations of nitrate in all levels of perchlorate standards (refer to Table 4-3A). Note that nitrate is
most commonly measured and reported in mg/L (ppm) as nitrate-as-nitrogen (NO3-N). The same results
when reported as nitrate are 4.43 times the results reported as nitrogen. All subsequent references will be to

nitrate reported as nitrogen, NO3-N.

Additional nitrate interference studies were performed on April 30 and May 1, 2001, to verify the findings of
the initial study and extend the range of concentrations studied (refer to Table 4-3B). Nitrate spiking

solutions were prepared from a certified 100 ppm nitrate (NO3-N) standard prepared from potassium nitrate.
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Blanks and 20 ppb perchlorate standards spiked with 0.05 ppm, 0.1 ppm, 0.2 ppm, 0.5 ppm, 1.0 ppm, 2.0
ppm, 5.0 ppm, and 10 ppm NO;-N were analyzed with pH adjustment to 4.0 (refer to Tables 4-18A and 4-
18B).

The potential for significant interference of 3.0 ppb false positive (20% of the 15 ppb RL) or greater than 20%
of perchlorate concentration commences at 0.12 ppm NO;-N, and the potential for a false positive reading
greater than the 15 ppb RL commences at approximately 0.5 ppm NO;-N. In the initial study, for 0.45 ppm
NOs-N in a blank, a positive reading for perchlorate of 14.1 ppb, which is below the 15 ppb RL, was reported;
and in the extended study, for 1.0 ppm NO;-N in a blank, a 19.0 ppb perchlorate reading was reported,
marginally exceeding the 18 ppb TDL and California action limit.

Note that the curves for nitrate interference were steeper in the initial study than in the follow-up extended
study at all concentrations of perchlorate and nitrate (refer to Table 4-3B). Interference values for low
concentrations of nitrate were within the £20% accuracy criteria for the method in standards with up to 0.5
ppm NO;-N for both studies. However, the initial study curve for the blank spiked with nitrate diverges
significantly above 0.5 ppm NOs-N. This divergence is caused by the two high points on this curve, which
appear to exceed the predicted curve from the low points and the other initial study perchlorate standard
curves. The divergences may be due to nitrate solution precision, electrode condition, temperature, or other
factors affecting sensitivity, especially since perchlorate readings become significantly more sensitive to
changes in millivolt readings with increasing perchlorate concentration. However, all of the curves are
generally parallel, and the data indicate positive interference at all concentrations of nitrate in all
concentration standards of perchlorate, with potential interference of two to five times the RL in samples with
2-10 ppm NOs-N (refer to Table 4-3B). Due to the consistency of the interference curves for the blank and 20
ppb perchlorate standard in the extended study, these curves were used to generate the correction factors

presented in Table 4-8.

There is no suggested method for removal of nitrate interference in ISE product literature. Therefore, the
application of correction factors to perchlorate readings according to Table 4-8 has been implemented for the
low concentration method. In addition, nitrate at concentrations greater than 0.2 ppm NOs-N causes loss of
sensitivity to the electrode between every analysis to maintain adequate sensitivity to meet £20% accuracy
criteria. Reconditioning of the ISE module in an acidified blank followed by an acidified 100-2000 ppb

perchlorate solution should be implemented during analytical runs in which such levels of nitrate are expected

L:\WORK\42674\WP\07\LETTER OF FINDINGS TASK 1-5.DOC 29 Final, October 2001



Letter Report of Findings: Perchlorate Screening Method Study
U.S. Army Corps of Engineers

or encountered in field samples. The effectiveness of such reconditioning was demonstrated by the acceptable
recoveries for check standards analyzed between each nitrate-spiked standard during the February 28, 2001

nitrate interference studies (refer to Table 4-17).

For matrices with nitrate levels less than 0.12 ppm, positive interference for perchlorate readings will not
exceed the £20% accuracy criterion for this method and reconditioning of the electrode will not be necessary.
If nitrate concentrations are not available for field samples and nitrate levels are suspected to be causing false
positives or other unacceptable interference, a nitrate ISE can be used to determine nitrate with the same ISE
meter used for the perchlorate determinations. Alternatively, for samples with unknown levels of nitrate,
analysis by MSA may be possible to compensate for unknown anion interference, especially for perchlorate
readings less than 30 ppb, although further studies of the effectiveness of MSA to compensate for anion
interferences are required. The use of MSA for samples with high levels of nitrate may not be effective (refer
to Section 4.9). Definitive-level perchlorate analyses should be performed whenever project objectives may

be affected by indeterminate bias.

Nitrate was found to be the strongest interferent studied, and use of the low concentration method on matrices
with high concentrations of nitrate, especially if significant concentrations of other known interferents are

present or suspected, may not be appropriate without significant dilutions and raised detection limits.

4.5 Bromide Interference Studies

Bromide is listed in ISE product literature as being a potential interferent for perchlorate analysis by ISE;
therefore, interference studies were performed for bromide. Levels of bromide producing significant
perchlorate interference (greater than 1.2 ppm bromide) are not commonly found in environmental samples at
Edwards AFB or in most surface and groundwater sample matrices, so bromide interference is not expected to

affect the usability of the low concentration method.

Bromide spiking solutions were prepared from reagent grade potassium bromide. On March 2, 2001, blanks,
10 ppb, 20 ppb, and 50 ppb perchlorate standards spiked with 0.5 ppm, 1.0 ppm, 2.0 ppm, and 5.0 ppm
bromide were analyzed with pH adjustment to 4.0 (refer to Table 4-19). Positive interference was noted for
all concentrations of bromide in all levels of perchlorate standards (refer to Table 4-4). Significant positive

interference (greater than 20% of the perchlorate concentration, or 20% of the 15 ppb RL for perchlorate
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standards less than the RL) was noted for concentrations greater than 1.2 ppm bromide. For 2.0 ppm bromide
in a blank, a reading of 7.5 ppb was noted (versus 4.6 for a blank), and for 5 ppm bromide in a blank, a
positive reading for perchlorate of 10.5 ppb, which is below the 15 ppb RL, was noted. For 2.0 ppm bromide
in a 10 ppb perchlorate standard, a reading of 14.1 ppb was noted, and for 5.0 ppm bromide in a 10 ppb
perchlorate standard, a reading of 17.8 ppb was noted, which is below the 18 ppb TDL and California action
limit. Thus, the potential for a false positive perchlorate reading greater than 18 ppb due to bromide

interference is minimal.

The suggested method for removal of bromide is the addition of 1.0 gram of silver sulfate per 200 mL sample
to all standards and samples, which would generally impose unacceptable difficulties on the use of this
method (refer to Section 4.3, above). For concentrations of bromide normally expected in environmental
samples, bromide interference is not expected to significantly affect perchlorate results by this method.
However, the application of correction factors to perchlorate readings according to Table 4-9 has been

included for use if bromide concentrations greater than 1.2 ppm are determined to be present in samples.

For most matrices, bromide levels will be less than 1.2 ppm, and positive interference for perchlorate readings
will not exceed the +20% accuracy criterion for this method. If bromide concentrations are not available for
field samples and bromide levels are suspected to be causing false positives or other unacceptable
interference, a bromide ISE can be used to determine bromide with the same ISE meter used for the
perchlorate determinations. Alternatively, for samples with unknown levels of bromide, analysis by MSA
may be possible to compensate for unknown anion interference, especially for perchlorate readings less than
30 ppb, although further studies of the effectiveness of MSA to compensate for anion interferences are
required (refer to Section 4.9). Definitive-level perchlorate analyses should be performed whenever project

objectives may be affected by indeterminate bias.
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4.6 Fluoride Interference Studies

Fluoride is listed in ISE product literature as being a potential interferent for perchlorate analysis by ISE;
therefore, interference studies were performed for fluoride. Fluoride was determined not to produce

interference for the low concentration method.

Fluoride spiking solutions were prepared from reagent grade sodium fluoride. On April 23,2001, blanks, 10
ppb, 20 ppb, and 50 ppb perchlorate standards spiked with 0.5 ppm, 1.0 ppm, 2.0 ppm, and 5.0 ppm bromide
were analyzed with pH adjustment to 4.0 (refer to Table 4-20). No positive or negative interference was
noted (refer to Table 4-5). Phosphate levels normally found in environmental samples are not expected to

affect the usability of the low concentration method.

4.7 Phosphate Interference Studies

Phosphate is listed in ISE product literature as being a potential interferent for perchlorate analysis by ISE;
therefore, interference studies were performed for phosphate. Phosphate was determined not to produce

interference for the low concentration method.

Phosphate spiking solutions were prepared from a certified 1000 ppm ion chromatography calibration
standard. On February 19, 2001, blanks, 10 ppb, 20 ppb, and 50 ppb perchlorate standards spiked with 5.0
ppm, 10 ppm, and 20 ppm phosphate were analyzed with pH adjustment to 4.0 (refer to Table 4-21). No
positive or negative interference was noted (refer to Table 4-6). Phosphate levels normally found in

environmental samples are not expected to affect the usability of the low concentration method.

4.8 Possible Organic Chemical Interference

Additional interference from organic chemicals is also considered possible. In the analyses of sample P-11
(well 422-MWO01) and recollected samples P-102, P-103, and P-104 from well 422-MWO01, which have high
historical levels of organic contaminants, application of high correction factors due to high levels of nitrate
and chloride resulted in corrected results with negative values for perchlorate. This over-correction may be
the result of less interference for combined nitrate and chloride than the sums of the individual interferences.

However, the possibility of response suppression due to organic compounds must be considered.
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Additional studies of complex matrices with combinations of anions, and studies of the effects of organic

compounds on response suppression are recommended.

Other split samples with high known concentrations of organic contaminants were not analyzed due to the
potential for deterioration of the ISE module, including high concentrations of NDMA (refer to Table 1-9). In
general, samples with high concentrations of organics are not recommended for analysis by ISE as organic

solvents are known to deteriorate ISE membranes.

4.9 Method of Standard Additions

The method of standard additions (MSA) incorporates the sequential addition of three increments of a
standard solution (spikes) to sample aliquots of the same size. Measurements are made on the original and
after each addition. The slope, x-intercept and y-intercept are determined by least-squares analysis. The
analyte concentration is determined by the absolute value of the x-intercept. Regression may be performed
mathematically on a programmable calculator or on a computer; or the results for the three spiked additions of
perchlorate may be graphed and the resulting line or curve extended through the y-axis until it intersects the
x-axis. Ideally, the spike volume is low relative to the sample volume (approximately 10% of the volume).

Standard addition may counteract matrix effects, especially if such effects are constant or linear.

Due to the low concentrations achieved by the low concentration method, significant interference from known
and unknown interferents may result in the need to apply multiple correction factors for samples with
complex matrices. In particular, high levels of nitrate may require the application of correction factors several
times the method RL. In addition, specific anion concentrations necessary for the application of the
appropriate correction factors may not be available. When detected perchlorate readings are expected or
suspected of being due in part, or in entirety, due to anion interference, and correction factors to be applied

are unknown, the use of MSA may be useful in mitigating matrix effects.

The MSA procedure is generally able to effectively compensate for interference and produce accurate results
for many methods. However, initial cursory efforts to assess the use of MSA for the low concentration
method indicates that due to complex curves in the interferences for different anions, MSA may not be

effective for accurate correction of significant interferences due to high nitrate and chloride. MSA may,
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however, be useful in determining whether perchlorate readings not significantly greater than the RL or TDL

are due to interference when anion concentrations are not available.

MSA was not included in the scope of work for method development for this project. However, MSA was
performed on a 20 ppb perchlorate standard spiked with 2 ppm NO;-N on May 1, 2001, by addition of
sequential 10 ppb spikes (refer to Table 4-22A). The result of 36.5 ppb perchlorate by MSA was marginally
lower than the 40.8 ppb reading without correction. Subtraction of the 22.5 ppb correction factor according to

Table 4-8 provides a far more accurate final result.

To determine if MSA might be useful at other levels of interference, data from interference studies performed
during method development that include sequences of analyses with levels of perchlorate approximating MSA
sequences were examined. These data were plotted and assessed for effectiveness of regression analysis by

MSA to provide more accurate results than those determined from direct readings.

MSA regression analysis results for blanks, 0.11 ppm, 0.23 ppm, and 0.45 ppm NO;-N standards with 10 ppb,
20 ppb, and 50 ppb perchlorate additions are presented in Table 4-22B. The MSA results indicate acceptable
performance in mitigating interference due to low concentrations of nitrate. For example, the 9 ppb
perchlorate result for a blank with 0.45 ppm NO;-N is lower than the 14.2 ppb perchlorate reading for this
blank. However, all of the initial perchlorate readings were below the RL and TDL, and additional data for
sequences equivalent to multiple additions at higher levels of nitrate, or for perchlorate with true values

greater than the RL or TDL, were not available.

Although less accurate than multiple additions, double or single additions can be performed to determine
analytical results by regression, so available data for higher concentrations of nitrate (2-10 ppm NO;-N) were
plotted as single additions to assess the slopes for potential effectiveness in mitigating more significant
interference (refer to Table 4-22C). The slopes and intercepts of the graphs indicate poor ability of MSA to
resolve more significant nitrate interference. Thus, the use of MSA appears to have good potential only for

samples with less than 1 ppm NO5-N.

Assessment of similar data sets for chloride interference indicate acceptable ability of MSA to resolve
chloride interference at low concentrations, with poor ability to resolve more significant levels of interference

(refer to Table 4-23A). This appears to be exacerbated by the non-linear nature of the chloride interference
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(refer to Table 4-23B). However, the available data include additions of 20, 40, and 70 ppb perchlorate
instead of 10, 20, and 30 ppb, so to assess the potential for smaller additions of perchlorate to improve
performance, data were plotted eliminating the high point on each curve, thus more closely approximating the
slopes of 10 ppb perchlorate additions (refer to Table 4-23C). These data indicate improved potential for
acceptable resolution by MSA, but again, all of the initial perchlorate readings were quite low (all were below

the TDL), and no data were available for higher initial readings.

To simulate higher initial readings, the data were plotted eliminating the low point on each curve,
approximating the slopes of 10 ppb perchlorate additions to samples with 20 ppb perchlorate true values (refer
to Table 4-23D). The projected perchlorate results by MSA become higher than the initial direct perchlorate
readings as the higher readings for more significant levels of chloride and perchlorate are associated with
sections of the interference curves with flatter slopes. The 17.1-29.6 ppb initial perchlorate readings for the
respective 20 ppb perchlorate standards with 0-500 ppm chloride are far more accurate than the projected 28-
76 ppb perchlorate respective results for these standards. This again indicates poor MSA performance for

significant interference.

Thus, initial cursory assessment of the ability of MSA to resolve anion interference indicates the potential for
MSA to determine whether initial perchlorate readings between 15 ppb and 30 ppb are due to positive
interference, but not to be effective in resolving significant interferences associated with readings higher than
30 ppb perchlorate. This may be useful for matrices with unknown amounts of chloride and nitrate when
chloride is less than 500 ppm and nitrate is less than 1 ppm NOs-N, which is expected to include most
matrices. For samples with initial perchlorate readings greater than 30 ppb, dilutions may allow useful

resolution by MSA.

As only a cursory study of MSA has been included in method development to date and no in-depth study of
MSA was performed, a complete study of MSA, including complex interferences due to combinations of
nitrate and chloride, is recommended. In addition, because of the complex interference curves and the
logarithmic nature of the calibrations, additional study of alternative regression methods is recommended to

determine if better results can be achieved.
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4.10 ISE Conditioning

Due to the nature of the perchlorate ISE, recharging perchlorate sites in the perchlorate ISE membrane is a
routine requirement to maintain sensitivity. The perchlorate ISE requires special preconditioning prior to first
use, then daily before calibration. Some anions, notably nitrate, and possibly some organic chemicals, were
found to cause loss of sensitivity between analyses. During method development, sample matrices with
nitrate concentrations greater than 0.2 ppm NO;-N were found to require implementation of reconditioning
between every sample. When long periods of time became necessary for millivolt readings to stabilize, or if
low recoveries for check standard recoveries were encountered after analysis of field samples, reconditioning

of the ISE was found to be effective in maintaining sensitivity and accuracy.

Extended exposure of perchlorate ISEs to field sample matrices will gradually diminish ISE sensitivity.
When sensitivity for a specific ISE module is found to decline with extended use, Sentek recommends using
an abrasive such as fine emery paper to renew the exposed PVC surface of the electrode. See manufacturer
directions for this procedure. Note that exposure to samples containing organic solvents may permanently

degrade the electrode membrane. Refer to Section 1.3.2.1 for details.

4.11 Interference Study Conclusions

Interference studies for the Low Concentration Method for the Determination of Perchlorate in Aqueous
Samples Using lon Selective Electrodes indicate that the solid state perchlorate ISE with built-in reference
electrode can be used effectively to determine if perchlorate is present in waters at or above the project TDL
and California action limit of 18 ug/L (ppb) in aqueous samples with low concentrations of interfering anions.
Use of the method for samples with high levels of interfering anions, especially nitrate, may not be

appropriate.

The method is especially useful for matrices with less than 1000 mg/L chloride and 1.5 mg/L nitrate as
nitrogen (NO3-N). Correction factors must be applied for concentrations in excess of 50 mg/L chloride, 0.12
mg/L NO3-N, or 1.2 mg/L bromide, for which significant positive interference (greater than 20% of
perchlorate concentration, or 20% of the 15 pug/L RL for perchlorate results less than the RL) was
demonstrated. If nitrate exceeds 0.2 ppm NO;-N, reconditioning of the electrode between every sample is

necessary. Samples with uncorrected perchlorate readings less than action limits can be considered to
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effectively indicate lack of perchlorate if subsequent QC sample recoveries are within specified accuracy
criteria. Interference due to carbonate and bicarbonate is eliminated by the acidification of all standards and

samples to pH 4.0 (£ 0.1) with sulfuric acid.

Samples with nitrate concentrations of 1.1 to 5.5 mg/L NO3-N cause positive bias of 15-45 pug/L perchlorate
(one-to-three times the RL). The user may need to determine the maximum level of nitrate correction

acceptable for project objectives if samples include high-nitrate matrices.

Analysis by the method of standard additions (MSA) was found to have the potential to compensate for anion
interference, especially for perchlorate readings less than 30 pg/L. Further studies of the effectiveness of

MSA to compensate for anion interferences are required.

Due to the potential for positive bias due to matrix interference, ten percent of samples analyzed by this
method should generally be confirmed by definitive-level analysis, especially to confirm when application of

anion-specific correction factors lower perchlorate readings to below project action limits.

4.12 Interference Study Recommendations

Further studies are recommended to reconfirm the accuracy of the chloride, nitrate, and bromide correction
factors, and to study the effects of mixtures of interfering anions. Interference studies for iodide, other anions,
and organic compounds are also recommended. Possible methods to mitigate nitrate interference, including
use of different type or concentrations of ISA should be explored to make the method more versatile. Further

studies to determine and maximize the effectiveness of MSA are required.
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5.0 Task 5 — Analyses of Split Samples

This section presents the data report for the analyses of split samples according to USEPA Method 314.0 for
definitive level analyses, and the Low Concentration Method for the Determination of Perchlorate in Aqueous

Samples Using lon Selective Electrodes for the ISE analyses.

Twenty-nine samples were collected at Edwards AFB for split sample analysis during the first semi-annual
groundwater (SAGW) sampling event used for this study in December 2000, of which four samples were not
analyzed due to known high concentrations of organic contaminants and one sample was not successfully
analyzed as the sample was expended in method development. Thirty-five samples were collected for split
sample analysis during a second SAGW sampling event in July and August 2001 and successfully analyzed.
In addition, five duplicate samples were analyzed by ISE in the first SAGW event, and seven duplicate
samples were analyzed by ISE in the second SAGW event.

Results for a total of 72 ISE analyses were available for split sample comparison to the definitive level results
(refer to Table 5-1). Additional samples useful for split sample analyses by the low concentration ISE method
were not available during regularly scheduled sampling events at Edwards AFB during the period of
performance for this project. Split samples were not collected for ten percent of the samples for EPA

perchlorate analysis as specified in the statement of work for this project, per instructions by EPA.

5.1 Split Sample Results

Definitive level analyses were performed by E.S. Babcock & Sons (Babcock), of Riverside, California
according to EPA Method 314.0 (or CADOHS Modified EPA Method 300.0 for perchlorate). ISE analyses
were performed according to the Low Concentration Method for the Determination of Perchlorate in Aqueous
Samples Using lon Selective Electrodes (the low concentration ISE method) developed during this project, per
the Standard Operating Procedure (SOP) presented as Attachment 1of Section 3.0, above, by Earth Tech

chemists in San Jose, California.

Perchlorate ISE readings were corrected for anion interference according to Tables 1-3 of the SOP (Tables 4-7
through 4-9 of this report) using historical data, where available, as specified in the method. When historical
anion data were not available, anion analyses were performed by Babcock, unless the uncorrected perchlorate
reading was already less than the RL, in which case anion correction was considered unnecessary. Sample

location information, historical anion concentrations and correction factors, raw ISE readings and anion-
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corrected perchlorate ISE results, and definitive perchlorate results are presented in Table 5-1. Analytical
results, including calibrations, field and QC sample ISE readings, and raw perchlorate concentrations for all

ISE analytical runs for split samples, are presented in Tables 5-2 and 5-3.

5.1.1 Non-Detected Result Confirmations

Of the 72 split sample analyses, ISE results for 66 analyses were reported as non-detected at the reporting
limit (RL) of 0.015 mg/L (15 pg/L, or 15 parts per billion [ppb]). All of these ISE results were confirmed as
non-detected at 4 ppb or 16 ppb by the definitive level analyses (refer to Table 5-1); with the exception of one
sample, its duplicate, and three additional samples subsequently collected at the well (samples P-11, P-11D,
P102, P-103, and P-104) for which the definitive result was reported at 6 ppb; and one sample (sample S-4)
with a reported definitive result of 18 ppb, which is at the £20% accuracy limit specified for this method
(refer to Section 1.3.1.3, above) and within the <30 RPD field precision criterion specified in Section 8.3.5 of
the SOP (refer to Table 5-4). Thus, 100% of the non-detected ISE results were confirmed as non-detected

within 20% of the ISE RL by definitive level split sample analysis.

Note that the anion-corrected ISE result of 10.1 ppb for sample S-4 was the only result reported as non-
detected that was greater than the 10 ppb low-concentration standard for this method. In addition, sample P-1
for the well at this site-location (ED-189-MW03) was not analyzed by ISE during the first SAGW event due
to high historical concentrations of organic contaminants (chloromethane at 1200 ppb, other compounds to
140 ppb). Organic contaminants are considered potentially damaging to the ISE membrane, and may be
responsible for low bias in perchlorate ISE results. Although this was not investigated during method
development due to the potential damage to the instruments and difficulties associated with handling such
samples, several samples with high historical concentrations of organic contaminants were successfully

analyzed at the end of this project, with some unusual interferences noted (refer to Section 5.2.1).

5.1.2 Detected Result Confirmations

Split sample precision is measured for detected results by the relative percent difference (RPD) between the
low concentration ISE and definitive method results. Confirmation of detected results is considered excellent
when split sample results meet the less-than 30 RPD criterion specified in Section 8.3.6 of the low
concentration ISE method SOP.

Detected results were reported by both ISE and definitive analyses for the samples from the wells at two site-

locations during both SAGW events, and at one well sampled only during the second SAGW event (refer to
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Tables 5-1 and 5-4). Anion corrections were not applied to any of the ISE results for these samples due to

sample dilutions.

At well ED-188-MWO01, the ISE result of 126.5 ppb was confirmed by the definitive level result of 140 ppb
for the second SAGW event, for an RPD of 10.1. This location was not sampled during the first SAGW

event.

At well ED-196-MWO01, the ISE result of 24,423 ppb was confirmed by definitive level result of 20,000 ppb
for the first SAGW event, for an RPD of 19.9. For the second SAGW event, the 13,270 ppb ISE result was
confirmed by field duplicate definitive level results of 36,000 ppb and 27,000 ppb, for RPDs 0f.92.3 and 68.2
for the split sample analyses (and an RPD of 28.6 for the definitive level field duplicate sample results).

At well ED-286-MWO01, the 4336 ppb ISE result for the first SAGW event was confirmed by a definitive
level result of 5900 ppb, for an RPD of 30.5. For the second SAGW event, the field duplicate ISE results of
612 ppb and 731 ppb were confirmed by field duplicate definitive level results of 920 ppb and 1100 ppb.
RPDs of 22.9, 40.2, 40.3, and 57.0 can be calculated for the four possible combinations of split sample
results, with RPDs of 17.7 and 17.8 for the ISE and definitive field duplicate results, respectively.

The precision for the detected split sample results noted above (refer to Table 5-4) indicates excellent
confirmation of ISE detected results by the definitive method for approximately half of the samples, with
lower precision for the remaining sample pairs, and confirmation of all ISE detections by definitive analysis.
Changes in results at some wells may be attributable to changes in groundwater concentrations with time, or

to differences in sampling techniques or screening levels used for the samples.

The results indicate acceptable overall ability of the ISE method to quantitate perchlorate at concentrations

greater than 100 ppb, even at high dilutions.

5.1.3 Split Sample Result Interpretation

In general, split sample results for this project indicate acceptable reproducibility of perchlorate results by the
low concentration ISE and definitive methods for the samples analyzed for this project. However, the
samples available for this study were notably lacking in detectable concentrations near the target detection

limit (TDL) and California action limit of 18 pg/L (18 ppb). Most of the samples were reported as non-
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detected at the ISE RL of 15 ppb and the definitive method RL of 4 ppb or 16 ppb (for samples diluted 4

times due to interference), or detected above 100 ppb.

The low concentration ISE method is demonstrated by the split sample analyses to be effective at determining
whether perchlorate is not present at or above the 18 ppb TDL, especially when perchlorate readings are less
than the TDL before anion correction factors are applied. Only one false negative was reported for anion-
corrected ISE results, and the definitive result for that sample was at the 18 ppb TDL. The 37 ISE readings
less than the 15 ppb RL before anion-correction indicate the potential for the method to successfully assess
the lack of perchlorate in matrices free of significant anion interferences. For example, the method
successfully determined lack of perchlorate in all of the samples from USGS locations (samples P-18 through

P-25 and S-18 through S-25) for which no anion information was available.

However, low matrix spike recoveries indicate the possibility that low concentrations of perchlorate in
environmental matrices may produce false negatives by this method (refer to Section 5-2.2, below).
Therefore, for samples with uncorrected perchlorate ISE readings greater than 18 ppb with final results
reported as non-detected at 15 ppb after anion correction, additional steps should be taken to determine the
potential for matrix interference. This includes matrix spike analyses of the samples in question and
definitive confirmation analyses, especially if the corrected readings exceed 10 ppb. For samples with
uncorrected perchlorate readings above 50 ppb, sample dilutions may be appropriate to determine if

interference is affecting results in such a way as to affect project objectives.

Application of the anion correction factors overcompensates for positive interference in some samples,
resulting in corrected readings with negative values (refer to Table 5-1). Of the 29 non-detected anion-
corrected perchlorate results with original readings greater than 18 ppb, 11 final anion-corrected readings
were less than zero. All of these samples had high historical levels of multiple interfering anions, especially
nitrate. This overcompensation may be due to the use of historical concentrations of anions instead of current
concentrations (which were not generally available), or it may be due to the subtraction of individual
correction factors for each interfering anion, whereas interference for multiple anions may be less than the
sum of the interference for each anion studied separately. Additional study of the effects and ways to
compensate for the presence of multiple interfering anions is recommended.

In addition to effective determination of lack of perchlorate at the 18 ppb TDL in low nitrate matrices, the low

concentration ISE method was demonstrated by the split sample analyses to be effective at determining
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perchlorate concentrations significantly above 18 ppb, especially for concentrations above 100 ppb, for which

minimal dilutions of five times can be used to eliminate interference.

5.2 Quality Control Results for ISE Analyses

Overall, the low concentration ISE method demonstrates the ability to perform within the QC limits specified
in the SOP for laboratory accuracy and precision. Results for matrix precision were acceptable; however

significant variations in matrix-specific accuracy indicate the sensitivity of the method to matrix interferences.

5.2.1 Calibration Verification

Initial and continuing calibration verifications (ICVs and CCVs) and laboratory control samples (LCS) were
analyzed before, during, and after sample analyses, as specified in the low concentration ISE method SOP.
Recoveries were generally maintained within the £20% accuracy criterion for the method (refer to Tables 5-2
and 5-3). When verifications exceeded the specified criteria, reconditioning or recalibration and reanalysis of

affected samples was generally performed.

Low recoveries tended to occur with continuing use during long analytical runs, especially during the analysis
of samples with more complex matrices, including samples with high concentrations of nitrate or organic
compounds. This effect is most likely due to perchlorate site-blocking in the ISE membrane (refer to Section
1.3.2.1, above), which was mitigated by the implementation of ISE module reconditioning, as specified in

Section 10.2 of the low concentration ISE method SOP.

5.2.2 Matrix Spike Recoveries

Matrix spike analyses were performed at an approximate frequency of one-per 20 field samples for the ISE
analyses. Results generally indicate appropriate increases in perchlorate readings for samples with low levels
of anion and organic interferents (samples P-5 and P-7), whereas for samples with high levels of nitrate
(sample P-11), matrix spike recoveries were inconsistent (refer to Table 5-5). The anion corrected results for
these samples do not indicate detectable recoveries of spikes after anion-correction, except when anion

concentrations are extremely low, such as in sample P-5 for well ED-196-MWO1.

For the MS analyses of samples S-2 (diluted five-fold) and S-29 from wells ED-188-MWO01 and ED-286-

MWO03, respectively, unusual interferences were noted. Matrix spike recoveries varied from over 1000%
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recovery to non-detection at different times for the same spiked samples. The samples were respiked and
reanalyzed from different spiking solutions with similar results (refer to Table 5-3C). In addition, the pH for
samples S-2 and S-2MS from ED-188-MWO01 increased back to pH 8 after initial acidification, indicating
complex matrix effects possibly related to chemical reaction balances between organic compounds and
carbonate/bicarbonate species in this sample. Sample S-2 is known to contain Freon 113 at 21 ppb, whereas
sample S-29 does not contain known concentrations of volatile organic compounds (VOCs). Concentrations
of interfering anions or non-VOC organic compounds are unknown for both samples. Additional study of

these matrices is recommended.

The MS analyses confirm the usability of the low concentration ISE method for samples with low levels of
interfering anions and organic compounds, while reinforcing the understanding that the method may not be
appropriate for complex matrices due to interference at the extreme sensitivity required to accurately

determine perchlorate at the 18 ppb TDL.

5.2.3 Field and Laboratory Duplicate Precision

Field and laboratory precision for the low concentration ISE method was acceptable for all analyses. Field
duplicate samples prepared from separate sample containers collected in the field, and for laboratory replicate
reanalyses of samples prepared from the same sample container indicate excellent precision for the low
concentration ISE method. All field and laboratory duplicate and replicate analyses were within the <20 RPD
criterion for laboratory precision and the <30 RPD criterion for field precision specified in Sections 8.3.4 and

8.3.5, respectively, of the low concentration ISE method SOP (refer to Table 5-6).

5.2.4 Method and Equipment Blanks

Equipment blanks were analyzed by the low concentration ISE method for both SAGW events (refer to
samples P-13 and S-3 in Table 5-1), and method blanks were analyzed before, during, and after sample
analyses as initial and continuing calibration blanks (ICBs and CCBs). All raw perchlorate readings for

blanks were less than one-half the 15 ppb RL, and were generally below 5 ppb.

Method and equipment blank results indicate that false positives due to carry-over contamination are not

likely for the low concentration ISE method.

5.2.5 ISE Module Reconditioning
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The use of ISE conditioning, as described in Section 10.2 of the low concentration ISE method SOP was
found to be an effective aid to maintaining precision and accuracy. For samples with low concentrations of
nitrate and organic contamination, only preconditioning was required. For samples with high concentrations
of nitrate and for samples with organic contamination, successful analyses were performed using more
rigorous reconditioning of the perchlorate module in 500 ppb perchlorate solutions and acidified blanks

between every field and QC sample analysis.

53 Split Sample Study Conclusions

Analyses performed according to the Low Concentration Method for the Determination of Perchlorate in
Aqueous Samples Using lon Selective Electrodes according to the SOP presented in Attachment 1 of Section
3.0, above, are in general agreement with definitive analyses performed by a fixed based laboratory using

EPA Method 314.0.

Uncorrected perchlorate readings measured by the low concentration ISE method at less than the 15 ppb RL
can reliably be considered to indicate non-detection within 20% of the reported concentration. For
perchlorate readings above 15 ppb, correction according to Tables 1-3 of the SOP (Tables 4-7, 4-8, and 4-9 of
this document) for positive interference due to interfering anions appears to be an effective method for
accurately compensating for such interference in samples with low-to-moderate concentrations of anions.
However, in samples with complex matrices, including samples with chloride above 500 ppm, bromide above
3.0 ppm, and especially nitrate-as-nitrogen (NO;-N) above 1.0 ppm, or combinations thereof, anion-correction
loses accuracy, and overcompensation may result in false negatives for such matrices. In addition, the

presence of organic contaminants may cause interference.

The use of reconditioning routines reduces some forms of matrix interference. Matrix spike analyses may be
used to resolve the potential for false negatives in specific samples or matrices. Otherwise, to mitigate such
effects in samples with complex matrices, dilutions of five-times or more is recommended, effectively raising
the useful detection limit to 50-75 ppb perchlorate. In cases where significant corrections to uncorrected
readings lower final results to below project action limits, the data user may decide that definitive-level
analyses are required to confirm the presence or absence of perchlorate, or to confirm bias due to chloride,

nitrate, or other interferents.
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The low concentration ISE method appears to be useful for determining the presence of perchlorate at
concentrations above 100 ppb. Such results are best quantitated at dilutions of five-times or more, which
effectively reduces potential interference, although accuracy may vary with matrix and dilution technique.
For samples with perchlorate concentrations above 700 ppb, the low concentration method was found to be
acceptable, but is not required, as such concentrations are within the manufacturer-specified detection range

for perchlorate ISEs, and the standard ISE techniques described in ISE product literature become applicable.

In general, the low concentration ISE method can be effectively used to determine the presence or absence of
perchlorate at the 18 ppb TDL and California action limit in samples with low concentrations of the
interfering anions chloride, nitrate, and, to a lesser extent, bromide. Samples with high concentrations of
these anions require more specific knowledge of anion concentrations, should be analyzed with more frequent
matrix spike analyses, may require additional dilutions, and should be confirmed by definitive analysis at a
higher frequency. Samples with confirmed presence of organic contaminants may be subject to additional

interferences and may damage the ISE membrane.

5.4 Split Sample Study Recommendations

Further studies are recommended to determine more accurate compensation for samples with mixtures of
interfering anions. Additional methods to mitigate nitrate interference should be explored to make the method
more versatile. More study of samples with confirmed presence of organic contaminants is also

recommended, although ISE membrane deterioration may occur.
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SECTION 1 Tables

L:\WORK\42674\WP\07\LETTER OF FINDINGS TASK 1-5.DOC 46 Final, October 2001



Letter Report of Findings: Perchlorate Screening Method Study
U.S. Army Corps of Engineers

TABLES 1-1 THROUGH 1-9
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Table 1-9

Definitive
Result RL Conductivity Other Known Interferents** Anions
(ppb) Field ID ID (uMhos/cm) and TOC in (ppm); Organic compounds in ppb
4 ED-NM-MWO01A-W11 P-13 1.47 EB
4 ED-NM-MWO3A-W07 P-15 417 F =0.82, PO4 = 3.1, NO3-N = 0.4, TOC = 0.47
4 ED-NM-MWO02A-W11 P-14 430 F=1,P04=12
4 ED-USGS-W1AE4-W05 P-21 432 Not Available
4 ED-USGS-W1AE2-W06 P-20 433 Not Available
4 ED-NM-MWO06-W06 P-18 435 TOC=0.5
4 ED-USGS-W1C4-W09 P-25 482 Not Available
4 ED-USGS-W1C2-W08 P-23 728 Not Available
4 ED-199-MW01-W14 P-8 796
4 ED-NM-MW04B-W13 P-16 805 Br=0.4,F=0.9, PO4 =54, TOC =0.29
4 ED-USGS-W1C3-W08 P-24 823 Not Available
4 ED-USGS-W1C1-W07 P-22 955 Not Available
4 ED-NM-MWO01A-W10 P-12 1012 B r=0.36, F =0.98, PO4 = 15, TOC = 1.2, NO3-N = 0.1
16 ED-NM-MWO05-W14 P-17 1031 Contains high levels of organic contaminants
400 ED-286-MW01-W08 P-10 1201 Br<1, F <1
4 ED-285-MW02-W06 P-9 1337 NO3-N = 0.18, Br=0.76, F <1
16 ED-196-MW06-W15 P-7 1345 Br=1.4,F =0.64, NO3-N = 1.4, PO4 <0.1
4 ED-NM-MWO07-W11 P-19 1363 Br=1.4, NO3-N = 0.14, PO4 =0.13, TOC = 12.4
4000 ED-196-MWO01-W09 P-5 1426 Br=1.2, F =0.8, PO4, NO3-N < 0.2
Br=1.1,F = 0.7, PO4 = 0.14, NO3-N = 0.17;
4 ED-196-MW03-W11 P-6 1671 toluene=44 ppb
16 ED-189-MW03-W08 P-4 1813 Contains high levels of organic contaminants
16 ED-189-MW02-W13 P-3 1948 Contains high levels of organic contaminants
16 ED-189-MW01-W25 P-2 2100 Contains high levels of organic contaminants
16 ED-189-MWO1-W24 P-1 2100 NO3-N = 12.6, Br = 1.0, F = 0.8; high levels of organic
contaminants
4 ED-422-MW01-W07 P-11 2190 Br=1.3, F<1, NO3-N = 6.3, Cl = 500
ED-422-MW01-W07-RE1 ’ P-102 ‘ NA Contains high levels of organic contaminants:
11DCA@1.1, FC113@ 9.4,
ED-422-MW01-W07-RE2 ‘ P-103 ‘ NA cis12DCE@8.4, TCE@11,TIC@16 (ppb)
4 ED-422-MW01-W07-RE3 | P-104 | NA

**Known intrferents determined from historical data for specified wells from previous sampling events. Not all methods and analytes
were performed at each location.

EB=Equipment Bank NO3=Nitrate as nitrogen 11DCA=1,1-Dichloroethane
Br=Bromide PO4=Phosphate cis 12DCE= cis-1,2-Dichloroethene
Cl=Chloride TOC=Total Organic Carbon FC113=Freon 113

F=Fluoride ppb=parts per billion (ng/L) TCE=Trichloroethene

ppm=parts per million (mg/L) TIC=Tentatively Identified Compound
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