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METHOD 522

DETERMINATION OF 1,4-DIOXANE IN DRINKING WATER BY S OLID PHASE
EXTRACTION (SPE) AND GAS CHROMATOGRAPHY/MASS SPECTR OMETRY

(GC/MS) WITH SELECTED ION MONITORING (SIM)

1. SCOPE AND APPLICATION

11

1.2

1.3

1.4

1.5

1.6

This is a gas chromatography/mass spectror(@yMS) method for the
determination of 1,4-dioxane (CASRN 123-91-1) imkiing water. Accuracy and
precision data have been generated in reagent,iiaished ground and surface
waters. Although this method was developed andotstrated using selected ion
monitoring (SIM) GC/MS for maximum sensitivity,dan also be used with full scan
GC/MS if the sensitivity achieved meets the usdata requirements.

The Minimum Reporting Level (MRL) is the lowestalyte concentration that meets
Data Quality Objectives (DQOSs) that are developaskd on the intended use of this
method. Two single laboratory Lowest Concentralbnimum Reporting Levels
(LCMRLs) of 0.036 and 0.04i{g/L have been determined in reagent water. The
single laboratory LCMRL is the lowest true concation for which the future
recovery is predicted to fall, with high confiden@9%), between 50 and 150%
recovery. The procedure used to determine the LCMBRdescribed elsewhete.

Laboratories using this method will not be requitedetermine the LCMRL for this
method, but will need to demonstrate that theiofatory MRL for this method meets
the requirements described in Section 9.2.4.

Determining the Detection Limit (DL) for analytesthis method is optional (Sect.
9.2.6). Detection limit is defined as the statislliy calculated minimum concentration
that can be measured with 99% confidence thateperted value is greater than z&ro.
The DL is compound dependent and is dependent toaction efficiency, sample
matrix, fortification concentration, and instrumemtrformance.

This method is intended for use only by analysiiéegkin solid phase extraction
(SPE), the operation of GC/MS instruments, andritegpretation of the associated
data.

METHOD FLEXIBILITY — In recognition of technotpcal advances in analytical
systems and techniques, the laboratory is permitt@dodify the GC column, GC
conditions and MS conditions (Sect. 9.4). Chamgag not be made to sample
collection and preservation (Sect. 8), the qualdgtrol (QC) requirements (Sect. 9),
or to the sample extraction steps (Sect. 11). btethodifications should be
considered only to improve method performance. iNtations that are introduced in
the interest of reducing cost or sample procedsing, but result in poorer method
performance, should not be used. For example,finatibns should not sacrifice
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chromatographic separations in the interest of otethrnaround time. Because the
method analyte, surrogate analyte (SUR) and intstaadard (IS) have only very low
mass ions in their mass spectra, and SIM is besed,ut is important to strive for
chromatographic separation from potential interiees. In all cases where method
modifications are proposed, the analyst must perfibie procedures outlined in the
initial demonstration of capability (IDC; Sect. B.2erify that all QC acceptance
criteria in this method (Sect. 9) are met, and destrate that method performance can
be verified in a real sample matrix (Sect. 9.3.d a).

NOTE: The above method flexibility section is intendechasabbreviated summation
of method flexibility. Method Sections 4-12 progidetailed information of specific
portions of the method that may be modified. #rthis any perceived conflict
between the general method flexibility statemerthia section and specific
information in Sections 4-12, Sections 4-12 supmgs®ection 1.6.

2. SUMMARY OF METHOD

2.1

A water sample that has been dechlorinategesskrved with a microbial inhibitor is
fortified with the isotopically labeled SUR, 1,4edianeds. The sample is extracted
by one of two SPE options. In option 1, a 500-raimple is passed through an SPE
cartridge containing 2 g of coconut charcoal taaottthe method analyte and SUR.
In option 2, a 100-mL sample is extracted on a VgaA&-2 Sep-Pak or Supelco
Supelclean ENVI-Carb Plus cartridge. In eitheiaptthe compounds are eluted
from the solid phase with a small amount of dichioethane (DCM), approximately
9 mL or 1.5 mL, respectively. The extract volure@adjusted, and the IS,
tetrahydrofurardg (THF-dg), is added. Finally, the extract is dried withhgdrous
sodium sulfate. Analysis of the extract is perfediby GC/MS. The data provided in
this method were collected using splitless injattiath a high-resolution fused silica
capillary GC column that was interfaced to an M@raped in the SIM mode. The
analyte, SUR and IS are separated and identifiezblnparing the acquired mass
spectra and retention times to reference specttaedantion times for calibration
standards acquired under identical GC/MS conditioftse concentration of the
analyte is determined by comparison to its respansalibration standards relative to
the IS. Although the performance data present&ention 17 of this method were
obtained in the SIM mode for maximum method sevigftithe sample extract
analysis may also be performed in full scan modledfsensitivity achieved meets the
data user’s requirements.

3. DEFINITIONS

3.1

ANALYSIS BATCH — A set of samples that is armdg on the same instrument
during a 24-hour period that begins and ends waighainalysis of the appropriate
Continuing Calibration Check (CCC) Standards. Addal CCCs may be required
depending on the length of the analysis batch anldéonumber of Field Samples.
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3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

CALIBRATION STANDARD (CAL) — A solution prepacefrom stock standard
solution(s) and the ISs and SURs. The CAL solgtiare used to calibrate the
instrument response with respect to analyte conator.

CONTINUING CALIBRATION CHECK (CCC) STANDARD — A cabration
standard containing the method analyte, IS and &biRh is analyzed periodically to
verify the accuracy of the existing calibration fbose analytes.

DETECTION LIMIT (DL) — The minimum concentration ah analyte that can be
identified, measured and reported with 99% configeihat the analyte concentration
is greater than zero. This is a statistical deit@ation (Sect. 9.2.6), and accurate
quantitation is not expected at this lefel.

EXTRACTION BATCH — A set of up to 20 Field Salep (not including QC
samples) extracted together by the same persom(sgca work day using the same
lot of SPE devices, solvents, SUR solution, antffang solutions. Required QC
samples include Laboratory Reagent Blank (LRB),dratory Fortified Blank (LFB),
Laboratory Fortified Sample Matrix (LFSM), and aitra Field Duplicate (FD1 and
FD2) or Laboratory Fortified Sample Matrix Dupliegt.tFSMD).

FIELD DUPLICATES (FD1 and FD2) — Two separaenples collected at the same
time and place under identical circumstances, egatead exactly the same throughout
field and laboratory procedures. Analyses of FBd BD2 give a measure of the
precision associated with sample collection, pregt@n, and storage, as well as with
laboratory procedures.

INTERNAL STANDARD (IS) — A pure analyte, whiah extremely unlikely to be
found in any sample, which is added to an extrastandard solution in a known
amount and used to measure the relative respohsies method analyte and SUR.
The IS must be an analyte that is not a sample oae.

LABORATORY FORTIFIED BLANK (LFB) — An aliquot breagent water or other
blank matrix to which known quantities of the methamalyte and all the preservation
compounds are added. The LFB is processed angzadatxactly like a sample, and
its purpose is to determine whether the methodoi®gy control, and whether the
laboratory is capable of making accurate and peauisasurements.

LABORATORY FORTIFIED SAMPLE MATRIX (LFSM) — Araliquot of a Field
Sample to which known quantities of the method yeadnd all the preservation
compounds are added. The LFSM is processed atyradaxactly like a sample,
and its purpose is to determine whether the samptex contributes bias to the
analytical results. The background concentratadrtbe analyte in the sample matrix
must be determined in a separate aliquot or duplieample and the measured values
in the LFSM corrected for background concentrations
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3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

LABORATORY FORTIFIED SAMPLE MATRIX DUPLICATEIFSMD) — A Field
Sample Duplicate of the Field Sample used to peeffa LFSM, which is fortified,
extracted and analyzed identically to the LFSM.e TRSMD is used instead of the
Field Duplicate to access method precision andracguvhen the occurrence of the
method analyte at a concentration greater thaMtRE is infrequent.

LABORATORY REAGENT BLANK (LRB) — An aliquot ofeagent water or other
blank matrix that is treated exactly as a sampiuding exposure to all glassware,
equipment, solvents, reagents, sample preservaiygsand SURs that are used in the
extraction batch. The LRB is used to determirtaefmethod analyte or other
interferences are present in the laboratory enwment, the reagents, or the apparatus.

LOWEST CONCENTRATION MINIMUM REPORTING LEVELLCMRL) — The
single-laboratory LCMRL is the lowest true concatitn for which the future
recovery is predicted to fall, with high confiden@®%), between 50 and 150%
recovery*

MATERIAL SAFETY DATA SHEET (MSDS) — Written formation provided by
vendors concerning a chemical’s toxicity, healthdrds, physical properties, fire, and
reactivity data including storage, spill, and hamglprecautions.

MINIMUM REPORTING LEVEL (MRL) — The minimum ¢rentration that can be
reported by a laboratory as a quantitated valua target analyte in a sample
following analysis. This defined concentration tmeet the criteria defined in
Section 9.2.4 and must not be any lower than tiheexdration of the lowest
calibration standard for that analyte. A laborataray be required to demonstrate a
specific MRL by a regulatory body if this methodosing performed for compliance
purposes.

QUALITY CONTROL SAMPLE (QCS) — A sample or stkard prepared using a
Stock Standard Solution (SSS) of the method anéhgeis obtained from a source
external to the laboratory and different from tbarse of calibration standards. The
second source SSS is used to fortify the QCS abak concentration. The QCS is
used to check calibration standard integrity.

SELECTED ION MONITORING (SIM) — A GC/MS teclmuie where only one or a
few ions are monitored. When used with gas chrography, the set of ions
monitored is usually changed periodically througttbe chromatographic run, to
correlate with the characteristic ions of the at®gl$$UR and IS as they elute from the
chromatographic column.

STOCK STANDARD SOLUTION (SSS) — A concentrasadution containing the

method analyte prepared in the laboratory usingyeskreference materials or
purchased from a reputable commercial source.
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3.18 SURROGATE ANALYTE (SUR) — A pure analyte, whiis extremely unlikely to be

found in any sample, and which is added to a saalmaot in a known amount
before extraction or other processing, and is nredswith the same procedures used
to measure other sample components. The purpdke &UR is to monitor method
performance with each sample.

INTERFERENCES

4.1

4.2

4.3

4.4

4.5

4.6

4.7

All glassware must be meticulously cleaned.shVglassware with detergent and tap
water, rinse with tap water, followed by reagentexa Non-volumetric glassware
should be heated in a muffle furnace at 400 °Qfbours. Volumetric glassware
should be solvent rinsed with DCM or purge and yegmle methanol after washing,
and dried in a low temperature oven (<120 °C) ndaed.

Method interferences may be caused by contantsima solvents, reagents (including
reagent water), sample bottles and caps, and sémeple processing hardware that
lead to discrete artifacts and/or elevated baseiméhe chromatograms. All items
such as these must be routinely demonstrated fi@&drom interferences (less than
'/5the MRL for the method analyte) under the condgiof the analysis by analyzing
LRBs as described in Sections 9.2.1 and 9.%dbtracting blank values from
sample results is not permitted.

Purge and trap grade methanol must be used for afiteps where methanol is used
in this method. Other grades of methanol contain amerous low molecular
weight compounds that contain interfering ions whib may prohibit accurate
identification and quantitation of the analyte, SURand IS.

Matrix interferences may be caused by contanténihat are co-extracted from the
sample. The extent of matrix interferences withweonsiderably from source to
source, depending upon the nature of the water.

Preservatives (Sect. 8.1) are added to sarigplassure sample stability during
shipping and storage prior to analysis. The pakakists for trace-level organic
contaminants in these reagents. Interferences tihese sources should be monitored
by analysis of LRBs, particularly when new lotgefgents are acquired.

Solid phase extraction cartridges may be acgooirinterferences. The analysis of
field and laboratory reagent blanks can provideadrtgmt information regarding the
presence or absence of such interferences. Beamtkots of SPE devices should be
tested to ensure that contamination does not pte@nalyte identification and
guantitation.

Analyte carry-over may occur when a relativelgan” sample is analyzed
immediately after a sample containing relativelgthconcentrations of compounds.
Syringes and splitless injection port liners mustheaned carefully or replaced as
needed. After analysis of a sample containing bmicentrations of compounds, a
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4.8

4.9

LRB should be analyzed to ensure that accurateesate obtained for the next
sample. During automated GC/MS analyses, extraitiispositive results that were
analyzed immediately following a sample with higincentrations of the analyte,
should be reanalyzed after analyzing an accepta®ie If the analyte is not detected
in extracts analyzed immediately after a high cotregion extract, no reanalysis is
necessary.

Silicone compounds may be leached from puncturéasampler vial septa,
particularly when particles of the septa sit intied. This can occur after repeated
injections from the same autosampler vial. If thisthod is performed in full scan
mode, these silicone compounds may appear as rggs@ced chromatographic
peaks with similar fragmentation patterns. Theay ganecessarily complicate the
total ion chromatogram and may cause interfereatbgh levels.

High laboratory background levels of 1,4-dioxdwave been reported to be associated
with air contamination. If 1,4-dioxane is detected RBs, room air should be
considered as a possible soutée.

. SAFETY

5.1

5.2

5.3

The toxicity or carcinogenicity of each reagesed in this method has not been
precisely defined. Each chemical should be treasea potential health hazard, and
exposure to these chemicals should be minimize4iDioxane is classified as a class
B2 or probable human carcinoge&ach laboratory is responsible for maintaining an
awareness of OSHA regulations regarding safe hagoli chemicals used in this
method. A reference file of MSDSs should be madelable to all personnel

involved in the chemical analysis. Additional mefieces on laboratory safety are
available®®

Pure standard materials and stock standartd@wdof these compounds should be
handled with suitable protection to skin and ewpesl care should be taken not to
breathe the vapors or ingest the materials.

Sodium bisulfate is used as a sample preseevitiinhibit microbial growth and
potential decay of 1,4-dioxane. Sodium bisulfathighly acidic and should be used
with appropriate caution.

EQUIPMENT AND SUPPLIES (References to specific brands or catalog numdoers

included for illustration only, and do not implyamrsement of the product.)

6.1

SAMPLE CONTAINERS - Glass bottles fitted withlytetrafluoroethylene (PTFE)
lined screw caps. Although samples do not nedxttoollected headspace free, the
size of the sample bottle should be selected based the sample volume to be
extracted.
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6.2

6.3

6.4

6.5

6.6

6.7

6.8

VIALS — Various sizes of glass vials with PTHied screw caps for storing standard
solutions and extracts, including glass 2-mL autgdar vials with PTFE-faced septa.

VOLUMETRIC FLASKS — Class A, various sizes,liding 1, 5, and 10 mL for
preparation of standards. A 2-mL volumetric cdilet tube may also be used for the
collection of the extract when SPE Option 2 is u&ett. 11.5.3).

GRADUATED CYLINDERS - Glass, various sizes,lirtting 100 and 500 mL for
measurement of sample volumes.

MICRO SYRINGES - Suggested sizes include 10, 25180, 250, 500, and
1000puL.

CONICAL CENTRIFUGE TUBES - 15 mL, glass, wittaduations at 0.1 mL and
PTFE-lined screw caps (KIMAX #45166 or equivalest)itable for collection of the
eluent from the 2-g solid phase cartridge afteraexion.

ANALYTICAL BALANCE — Capable of weighing to theearest 0.0001 g.

SOLID PHASE EXTRACTION (SPE) APPARATUS

6.8.1 SPE CARTRIDGES - SPE carbon cartridges aabkptor use in this method

are made of either coconut charcoal or synthetisaraas described in Sections
6.8.1.1 and 6.8.1.2 below. Graphitized carbon da¢setain 1,4-dioxane and
may not be used in this method.

6.8.1.1 Option 1 (for use with sample volumes &00 mL) — 6-mL polypropylene
tubes packed with 2 g coconut charcoal (80-120 peggbroximately
150um). At the time of method development, pre-packadridges were
obtained from Restek Corporation (cat. # 26032)ldniled Chemical
Technologies (UCT,; cat. # EU52112M6). Equivalemrias of coconut
charcoal SPE cartridges with the specified parscte and whose
performance meets all QC criteria in Section 9 imaysed.

6.8.1.2 Option 2 (for use with samples volumes @D0 mL) — Waters AC-2 Sep-
Pak 400-mg activated carbon SPE cartridge (catA20229; 8um
particle size) or Supelco Supelclean ENVI-Carb RId8-mg synthetic
carbon SPE cartridge (cat. # 54812-U).

6.8.2 VACUUM EXTRACTION MANIFOLD — Equipped with dw/vacuum control

(Supelco cat. # 57250-U or equivalent).

6.8.3 SAMPLE DELIVERY SYSTEM - Use of a transfebéusystem (Supelco

“Visiprep”, cat. # 57275 or equivalent), which tef@rs the sample directly from
the sample container to the SPE cartridge, is recemiled. Sample reservoirs
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(Varian, cat. #12131012 or equivalent), which ditecthe cartridge, may be
used, although they hold only a limited volume ainple.

6.8.4 An automatic or robotic system designed f& with SPE cartridges may be used
if all QC requirements discussed in Section 9 aeé MAutomated systems may
use either vacuum or positive pressure to proasples and solvents through
the cartridge.All extraction and elution steps must be the samesan the
manual procedure. Extraction and/or elution stepsnay not be changed or
omitted to accommodate the use of an automated sgst.

6.9 LABORATORY OR ASPIRATOR VACUUM SYSTEM - Suffient capacity to
maintain a vacuum of approximately 15 to 25 inabiesercury.

6.10 GAS CHROMATOGRAPH/MASS SPECTROMETER (GC/MS)SEM

6.10.1 FUSED SILICA CAPILLARY GC COLUMN - Data prested in this method
were obtained with a column typically used for ¥itkégs analysis: Varian CP
Select 624, 30 m x 0.25-mm i.d. with a ju# film thickness, or equivalent.
Other types of columns may be used. However, tiskaster or thinner film
columns is not recommended because this will réisliiss of resolution and
very short retention times. Because the methot/eEn&UR and IS have only
very low mass ions in their spectra, and SIM isigeised, it is important to strive
for chromatographic separation from any potentitdrferences. See Section 9.4
regarding the use of alternate GC columns.

CAUTION: If a GC column and/or temperature program diffetban that
described in this method is usdge analyst must verify that the temperature
program and subsequent column bake-out is sufficidrio remove all injected
material from the column. Although the retention times of the method arelyt
IS and SUR are short, many chemicals may be caetet by carbon SPE and
these need to be eluted from the GC column to ptebem from appearing as
interferences in subsequent analyses.

6.10.2 GC INJECTOR AND OVEN - The performance dat8ection 17 were obtained
using hot, splitless injection. Other injectiostiaiques such as temperature
programmed injections, cold on-column injectiond &arge volume injections
may be used if the QC criteria in Section 9 are. nigfuipment designed
appropriately for these alternate types of injeimust be used if these options
are selected.

6.10.3 GC/MS INTERFACE - The interface should alkbw capillary column or
transfer line exit to be placed within a few miléters of the ion source. Other
interfaces, such as jet separators, are accef@aldbag as the system has
adequate sensitivity and QC performance criteri@dotion 9 are met.
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6.10.4 MASS SPECTROMETER (MS) — Any type of masscsfometer may be used
(i.e., quadrupole, ion trap, time of flight, et@jthough the SIM option may not
provide enhanced sensitivity, or be an availabkoopn all instruments. The
spectrometer must produce a mass spectrum thas @miéetiteria in Table 1
when a solution containing approximately one to h@aograms of bromo-
fluorobenzene (BFB) is injected into the GC/MS.isTtiest must be performed in
the full scan mode. Use a single spectrum at ples af the BFB peak, an
average spectrum of the three highest points gbdlad, or an average spectrum
across the entire peak to evaluate the performaiite system. Appropriate
background subtraction is permitted. The scan shwuld be set so that there is a
minimum of five scans across the chromatographakpden scans across
chromatographic peaks are recommended.

6.10.5 DATA SYSTEM - An interfaced data systemeiguired to acquire, store, and
output MS data. The computer software should hlageapability of processing
stored GC/MS data by recognizing a GC peak withgivan retention time
window. The software must allow integration of the abundance of any
specific ion between specified times or scan nurhibets. The software must be
able to construct linear regressions and quadtatibration curves, and calculate
analyte concentrations.

6.11 N, N-DIETHYL-P-PHENYLENEDIAMINE (DPD) CHLORINETEST KIT — Used
to verify sample dechlorination when samples aceived at the analytical laboratory
(Hach model CN-66; cat. # 2231-01 or equivalent).

7. REAGENTS AND STANDARDS

7.1 REAGENTS AND SOLVENTS - Reagent grade or bettemicals should be used in
all steps. Unless otherwise indicated, it is ideshthat all reagents will conform to
the specifications of the Committee on Analyticalalgents of the American Chemical
Society (ACS), where such specifications are akilaOther grades may be used,
provided it is first determined that the reagendfisufficiently high purity to permit its
use without lessening the quality of the deternidmat During method development,
only purge and trap grade methanol was found teufffeciently free from low
molecular weight interferences (as described in.3e8). Therefore that gradeust
be used.

7.1.1 HELIUM - 99.999 % or better, GC carrier gas.

7.1.2 REAGENT WATER - Purified water which does oohtain any measurable
quantities of the method analyte or interfering poomds at or abové; the
MRL for 1,4-dioxane. In addition, there must beimierferences with the SUR
or IS.

7.1.3 METHANOL (CASRN 67-56-1) Purge and trap grade only (see Section 4.3)
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7.1.4 DICHLOROMETHANE (DCM) (CASRN 75-09-02) — Higdurity, demonstrated
to be free of analytes and interferences (B&J Bi@aad, Capillary GC or GC/MS
Grade or equivalent).

7.1.5 SODIUM SULFATE, ANHYDROUS (CASRN 7757-82-6)Sexhlet extracted
with DCM for a minimum of four hours or heated @04°C for two hours in a
muffle furnace. An “ACS grade, suitable for pestecresidue analysis”, or
equivalent, of anhydrous sodium sulfate is recondadn

7.1.6 SAMPLE PRESERVATION REAGENTS

7.1.6.1 SODIUM SULFITE (CASRN 7757-83-7) — Redufreg and combined
chlorine in samples that have been disinfected ehtbrine and/or
chloramine.

7.1.6.2 SODIUM BISULFATE (CASRN 7681-38-1) — Anhwais, technical grade.
It is added to acidify the samples to pH < 4 toaesch microbial inhibitor
during sample shipping and storage.

STANDARD SOLUTIONS — When a compound puritassayed to be 96% or
greater, the weight can be used without corredbaralculate the concentration of the
stock standard. Solution concentrations listetthis section were used to develop this
method and are included as examples. Alternateectrations may be used as
necessary depending on instrument sensitivity adtalibration range used.
Standards for sample fortification generally shdudprepared in the smallest volume
that can be accurately measured to minimize th@éiadaf excess organic solvent to
agqueous samples. During method development, sthsdaitions were stored in a
freezer at about -15 to -20 °C for several montasperience indicates that the most
likely cause of standard deterioration for this Inoek is solvent evaporation.
Therefore, it is recommended that standard solstiEnstored at O °C or less, with
minimal headspace. Laboratories should use stdr@@@rpractices to determine when
standards need to be replaced. Standard QC mscsigch as monitoring area counts
and recovery percentages of CCCs, would help trohte if a standard requires
replacement. As mentioned above, the major forfistahdard deterioration” is
solvent evaporation, which would result in a comtins increase in area counts, and in
some cases, target and SUR recoveries. Duringothekvelopment, SSSs and
dilutions of SSSs of 1,4-dioxane, TH-1,4-dioxaneds, and BFB were valid for at
least 6 months after opening/preparation. Exmiratiates provided by the vendor
should be used as an indicator of SSS shelf life po opening.

NOTE: Only purge and trap grade methanol may be usain the preparation of
standards and sample fortification solutions.

7.2.1 STOCK STANDARD SOLUTIONS (SSS) — Stock staddsolutions of the
method analyte, SUR and IS are commercially aviglatbm multiple
commercial sources. It is recommended that thelséiens be purchased from
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commercial sources. However, they may be prepfaoed neat materials.
Utilizing stock standards prepared in methanoledlohe same stock standard to
be used to prepare both calibration standards amgle fortification solutions.
The concentrations of the stock standard solutisesl during method
development were 1000-20Q9/mL.

7.2.1.1 PREPARATION OF STOCK STANDARD SOLUTIONS &3FROM

1.2.2

7.2.3

NEAT MATERIALS

7.2.1.1.1 Place about 9.8 mL of methanol in a 10molumetric flask. Allow
the flask to stand, unstoppered, for about 10 mumail all alcohol
wetted surfaces have dried. Weigh to the nearg&sng.

7.2.1.1.2 Using a 100L-syringe, quickly add two or more drops of thetnea
standard material to the flask. Be sure that thiedard falls directly
into the alcohol, without contacting the neck af flask.

7.2.1.1.3 Quickly reweigh, dilute to volume and rbixinverting the flask
several times. Calculate the concentratiopgfuL from the net gain
in weight.

7.2.1.1.4 Store SSSin 12-15 mL glass vials witkPTined screw caps.

CALIBRATION STANDARD SOLUTIONS (CAL) — Prepara series of
calibration standards to encompass the desireldraabn range. Calibration
standards must contain varying amounts of 1,4-aiexand a fixed amount of
both the SUR and the IS, and be prepared in DChe fumber of standards
required is determined by the calibration rangbre€ standards are required for
one order of magnitude, six standards for two adémagnitude and nine
standards for three orders of magnitude. The i@idn curve associated with the
demonstration data in Section 17 contained ninadst@s with concentrations of
1,4-dioxane ranging from 0.0Q&/mL to 1.0ug/mL. (This corresponds to a
concentration range of 0.04-2@/L in the drinking water samples.) The
concentrations of both 1,4-dioxadg{SUR) and the THIel (IS) were
0.500ug/mL in each standard.

SAMPLE FORTIFICATION SOLUTIONS

7.2.3.1 ANALYTE FORTIFICATON SOLUTION — Prepare onemore solutions

in methanol for use in preparing LFBs and LFSM<{SEL.3.5). The
number of solutions needed depends upon the ctdibrnange and/or
sample volume. During method development, twotswmis at
concentrations of 2(g/mL and 20Qug/mL were used to fortify 100-mL
and 500-mL samples, respectively.
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7.2.3.2 SURROGATE ANALYTE (SUR) FORTIFICATION SOLUDN —
Prepare one or more solutions of 1,4-dioxdgar methanol to be used for
fortification of the SUR into samples, LFBs, LRBsda_.FSMs
(Sect.11.3.4). The concentrations used during otedevelopment were
200ug/mL and 200Qug/mL (STOCK) to fortify 100-mL and 500-mL
samples, respectively.

7.2.3.3 INTERNAL STANDARD (IS) FORTIFICATION SOLUDN - Prepare
one or more solutions of TH#zin DCM to be used to add the IS to all
extracts (Sect. 11.4.4 and 11.5.4). During metimdelopment, the
concentrations of these solutions were §80nL and 100Qug/mL
(STOCK), used to fortify 2-mL and 10-mL extractsspectively.

7.2.4 GC/MS TUNE CHECK SOLUTION - Stock standartusons of BFB (CASRN
460-00-4) are available commercially. Prepare B Bélution at a concentration
of 1-2ug/mL in DCM by dilution of the stock standard. &tehis solution in an
amber glass screw cap vial at 0 °C or less. Tpareea SSS of BFB from neat
material, see Section 7.2.1.1.

8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 SAMPLE PRESERVATIVES - Preservation reagergied in the table below, are
added to each sample at the time of sample callecttodium sulfite must be added
first and may be placed as a dry material in tmepda bottles prior to shipment to the
field. Agqueous solutions of sodium sulfite may betadded to sample bottles prior to
shipment to the collection site because theseisakiire unstable and cannot be
relied upon to completely dechlorinate the sampt&sdium bisulfate is added only
after the sodium sulfite has been dissolved iratiigeous sample. See Section 8.2.2
and 8.2.3 for complete instructions.

Compound Amount Purpose

Sodium sulfite 50 mg/L Reduce chlorine/chloramiegidual

Sodium bisulfate 1 g/L (approx) Microbial inhibitor

8.2 SAMPLE COLLECTION

8.2.1 Open the tap and allow the system to flugh tlne water temperature has
stabilized (approximately three to five min). @all samples from the flowing
system.

8.2.2 Fill sample bottles, taking care not to flusth the sample dechlorination reagent.
Samples do not need to be collected headspace free.

8.2.3 Atter collecting the sample, cap the bottld agitate by hand until the sodium
sulfite is dissolved. Add enough sodium bisulfaieh that the final
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8.3

8.4

concentration will be 1 g/L. Cap the bottle anck mmtil dissolved. Unless field
verification of pH is to be performed, keep the psealed until just prior to
extraction.

8.2.4 Field verification of pH 4 (optional). # anticipated that 1 g/L of sodium

bisulfate will be sufficient to acidify most samgl® < pH 4. If there is reason to
suspect that more may be needed, the pH can bdegenith narrow range pH
paper at the time of sample collection. After dmdtion and mixing, pour a

small amount of sample over a strip of the pH pd&gemot dip the strip in the
sample). Read the result as instructed on theggempackage. If the pH3s4,
add additional sodium bisulfate until pH < 4 isaibhed. Seal the bottle, and keep
the sample sealed until extraction.

SAMPLE SHIPMENT AND STORAGE — Samples must b#led during shipment
and must not exceed 10 °C during the first 48 haftes collection. Sample
temperature must be confirmed to be at or beloRCL@hen they are received at the
laboratory. Depending upon the water temperatutieeatime of collection, samples
may need to be refrigerated to reduce their tentperdefore being packed on ice for
shipment. Samples stored in the lab must be healdf@elow 6 °C until extraction, but
should not be frozen. Freezing samples may comigethe sealed cap or result in
sample bottle breakage.

8.3.1 Verification of sample dechlorination —dgythe receipt of samples at the

laboratory, verify that Field Samples were declniated at the time of collection.
The absence of total chlorine can be verified witbPD chlorine test kit (Sect.
6.11).

SAMPLE AND EXTRACT HOLDING TIMES - Aqueous safep may be stored as
described above for up to 28 days from collecti&ample extracts, as prepared in
Section 11, may be stored at -5 °C and protected fight for an additional 28 days.

9. QUALITY CONTROL

9.1

9.2

QC requirements include the Initial Demonstratibi©apability (IDC) and ongoing
QC requirements that must be met when preparingaaatyzing Field Samples. This
section describes each QC parameter, its requiegdéncy, and the performance
criteria that must be met in order to meet USEPAliuobjectives. The QC criteria
discussed in the following sections are summariaegection 17, Tables 6 and 7.
These QC requirements are considered the minimgepéable QC criteria.
Laboratories are encouraged to institute additiQ@lpractices to meet their specific
needs. If method modifications are under constaerdy the laboratory, refer to
Sect. 9.4 for detailed requirements.

INITIAL DEMONSTRATION OF CAPABILITY (IDC) — ThelDC must be
successfully performed prior to analyzing any Figainples. Prior to conducting the
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IDC, the analyst must first generate an acceptaltial Calibration following the
procedure outlined in Section 10.2.

9.2.1

INITIAL DEMONSTRATION OF LOW BACKGROUND - Blere any samples
are analyzed, or any time a new lot or brand of 8REerials or solvents are
received from a supplier, it must be demonstratatia LRB is reasonably free of
any contamination that would prevent the identtfmaor quantitation of
1,4-dioxane, the IS or SUR.

9.2.1.1 A source of potential contamination is 3RE materials which may contain

phthalate esters, silicon compounds, and otheaounants that could
interfere with the determination of the method gteglSUR or IS.
Although extraction media are generally made oftimeaterials, they may
still contain extractable organic material. If theckground contamination
is sufficient to prevent accurate and precise measents, the condition
must be corrected before proceeding with the IDR(D.2.2).

9.2.1.2 Other sources of background contaminatiersalvents, reagents (including

9.2.2

9.2.3

9.24

reagent water), room air and glassware. Backgraontamination must be
reduced to an acceptable level before proceeditigthe IDP (Sect. 9.2.2).
Background from 1,4-dioxane and interferences rbeast1/3 the MRL. If
background contamination is an on-going or intelenitissue, the analyst
must not attempt to verify an MRL less than the mie&B concentration

+ 30, or three times the mean LRB concentration, whiehé greater.

NOTE: Although quantitative data below the MRL may netrbliably
accurate enough for data reporting, such dataseilun determining an
MRL cut off for the method analyte if it is found the LRB. Therefore,
blank contamination levels may be estimated byagdiation, when the
concentration is below the lowest calibration stadd This also applies to
estimating LRB concentrations for daily low backgnd verification.

INITIAL DEMONSTRATION OF PRECISION (IDP) — Bpare, extract, and
analyze four to seven replicate LFBs fortified néser midrange of the initial
calibration curve according to the procedure déescrin Section 11. Sample
preservatives as described in Section 8.1 mustithechto these samples. The
relative standard deviation (RSD) of the resultthefreplicate analyses must be
less than 20%.

INITIAL DEMONSTRATION OF ACCURACY (IDA) — Usig the same set of
replicate data generated for Section 9.2.2, cdlew@aerage recovery. The
average recovery of the replicate values must e 20% of the true value.

MINIMUM REPORTING LEVEL (MRL) CONFIRMATION — Estahth a target

concentration for the MRL for 1,4-dioxane basedlanintended use of the
method. In some cases, the MRL may be dictatddSiyPA or another
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regulatory body. Establish an Initial Calibrati@miowing the procedure outlined
in Section 10.2. The lowest calibration standaged.to establish the Initial
Calibration (as well as the low-level CCC) mustaber below the concentration
of the MRL. Establishing the MRL concentration tow may cause repeated
failure of ongoing QC requirements. Validate thRIMfollowing the procedure
outlined below.

9.2.4.1 Fortify, extract, and analyze seven replicate LEBthe proposed MRL
concentration. These LFBs must contain all methredervatives described
in Section 8.1. Calculate the medmean) and standard deviation for these
replicates. Determine the Half Range for the mtaai interval of results
(HRpiR) USiNg the equation below

HR,; = 39635

whereSis the standard deviation, and 3.963 is the cohstue for seven
replicates’

NOTE: The mass spectrum (either SIM or full scan) forrtrethod analyte
in the LFBs must meet all the analyte identificataiteria in Sections 12.1
and 12.2, i.e., the MRL verification may not befpened on LFBs where
only the base peak is observed. If during MRL comdtion all
identification ions are not observed, the MRL s&ddas too low.

9.2.4.2 Confirm that the upper and lower limitstloe Prediction Interval of Result
(PIR= Mean + HRpr) meet the upper and lower recovery limits as shown
below.

The Upper PIR Limit must be 150% recovery.

Mean + HR, 5
FortifiedConcentration

x100% <150%

The Lower PIR Limit must be 50% recovery.

Mean - HR, 5
FortifiedConcentration

x100% = 50%

9.2.4.3 The MRL is validated if both the Upper dmaver PIR Limits meet the
criteria described above (Sects. 9.2.4.2). Ifé¢hmderia are not met, the
MRL for 1,4-dioxane has been set too low and magiebevaluated at a
higher concentration.

9.2.5 CALIBRATION CONFIRMATION — Analyze a QCS as desaibin Section
9.3.9 to confirm the accuracy of the standardscatibration curve.
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9.2.6 DETECTION LIMIT (DL) DETERMINATION (optional) — While DL
determination is not a specific requirement of this method, it may be required by
various regulatory bodies associated with compliance monitoring. Itisthe
responsibility of the laboratory to determine if DL determination isrequired
based upon the intended use of the data.

Replicate analyses for this procedure should be doer at least three days (i.e.,
both the sample extraction and the GC analyseddlbeudone over at least three
days). Prepare at least seven replicate LFBs icngal ,4-dioxane at a
concentration estimated to be near the DL. Thmcentration may be estimated
by selecting a concentration at two to five tintes moise level. The appropriate
fortification concentrations will be dependent upba sensitivity of the GC/MS
system used. All preservation reagents listeckictiBn 8.1 must also be added to
these samples. Analyze the seven replicates thraligteps of Section 11.

NOTE: If an MRL confirmation data set meets these regqnents, a DL may be
calculated from the MRL confirmation data, and dditional analyses are
necessary.

Calculate th®L using the equation

DL =s*th_11-0=099)

where:
s = standard deviation of replicate analyses
t (n-1, 14=0.99) = Student's t value for the 99% confidence leviéh w-1
degrees of freedom
n = number of replicates.

NOTE: There are no precision and accuracy requirementhé¢ DL replicates.
Do not subtract blank values when performing Dlcakltions.

9.3 ONGOING QC REQUIREMENTS - This section sumnmesithe ongoing QC
criteria that must be followed when processing analyzing Field Samples.

9.3.1 LABORATORY REAGENT BLANK (LRB) — An LRB is mguired with each
extraction batch to confirm that potential backgrdeontaminants are not
interfering with the identification or quantitatiaf the method analyte, SUR or
IS. If the LRB produces a peak within the retemtiione window of any analyte
that would prevent the identification or quantibatiof that analyte, determine the
source of contamination and eliminate the interfeeebefore processing samples.
Background contamination must be reduced to anptabke level before
proceeding.
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9.3.2

9.3.3

9.34

9.3.5

NOTE: Absence of interferences must be verified fordigkane at both the
guantitation ion (QI)rfyz 88) and the confirmation iom(z 58). Background
from contaminants that interfere with the measurgmé1,4-dioxane must be
below'/5 of the MRL. Blank contamination may be estimatgdextrapolation, if
the concentration is below the lowest calibratitamdard. This procedure is not
allowed for sample results as it may not meet datdity objectives. If the
method analyte is detected in the LRB at concantratequal to or greater than
this level, then all data for the analyte must besitdered invalid for all samples
in the extraction batch.

CONTINUING CALIBRATION CHECK (CCC) — CCC Stdards are analyzed
at the beginning of each analysis batch, afteryetesr Field Samples, and at the
end of the analysis batch. See Section 10.3 foceatration requirements and
acceptance criteria.

LABORATORY FORTIFIED BLANK (LFB) — An LFB igequired with each
extraction batch. The fortified concentration lod FB must be rotated between
low, medium, and high concentrations from batchdtch. The low
concentration LFB must be as near as practicéubno more than two times the
MRL. Similarly, the high concentration LFB shoudd near the high end of the
calibration range established during the initidibration (Sect. 10.2). Results of
the low-level LFB analyses must be 50-150% of the value. Results of the
medium and high-level LFB analyses must be 70-180%e true value. If the
LFB results do not meet these criteria for 1,4-diwe then all data must be
considered invalid for all samples in the extractoatch.

MS TUNE CHECK — A complete description of & Tune Check is found in
Section 10.2.1. Acceptance criteria for the MS& @Mmeck are summarized in
Section 17, Table 1. The MS Tune Check must blpeed each time a major
change is made to the mass spectrometer, andiprstablishing and/or re-
establishing an initial calibration (Sect.10.2). this method, daily BFB analysis
is not required.

INTERNAL STANDARDS (IS) — The analyst must mitor the peak area of the
IS in all injections during each analysis day. TReesponse (peak area) in any
chromatographic run must not deviate from the respan the most recent CCC
by more than 30%, andust not deviate by more than 50% from the meaa ar
measured during initial analyte calibration. &#$ area in a chromatographic
run does not meet these criteria, inject a secbqdat of that extract.

9.3.5.1 If the reinjected aliquot produces an atat#p IS response, report results

for that aliquot.

9.3.5.2 If the reinjected extract fails again, #malyst should check the calibration

by reanalyzing the most recently acceptable cdldmastandard. If the
calibration standard fails the criteria of Sectidh3, recalibration is in order
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per Section 10.2. If the calibration standardciseptable, extraction of the
sample may need to be repeated provided the sasngtié within the
holding time. Otherwise, report results obtaineuif the reinjected extract,
but annotate as “suspect/IS recovery.” Alterndyiveollect a new sample
and re-analyze.

9.3.6 SURROGATE (SUR) RECOVERY - The SUR standard igffed into the
agueous portion of all samples, LRBs, LFBs, CCE$SMs and LFSMDs prior
to extraction. Itis also added to the calibrattendards. The SUR is a means of
assessing method performance from extraction & éhromatographic
measurement. Calculate the percent recovery (WRhé SUR using the
equation

%R = [éj x100
B

where:
A = calculated SUR concentration for the QC or Figdanple
B = fortified concentration of the SUR.

9.3.6.1 SUR recovery must be in the range of 704180the true value. When
SUR recovery is less than 70% or greater than 1830&ck the 1)
calculations to locate possible errors, 2) standatdtions for degradation,
3) contamination, and 4) instrument performancerré&t the problem and
reanalyze the extract.

9.3.6.2 If the extract reanalysis meets the SUBwexy criterion, report only data
for the reanalyzed extract.

9.3.6.3 If the extract reanalysis fails the 70-13@4overy criterion, the analyst
should check the calibration by injecting the IB&C that passed. If the
CCC fails the criteria of Section 9.3.6.1, recaiiyn is in order per Section
10.2. If the calibration standard is acceptabtéaetion of the sample
should be repeated provided the sample is stiliwithe holding time. If
the re-extracted sample also fails the recovetgrion, report all data for
that sample as “suspect/SUR recovery” to informdéia user that the
results are suspect due to SUR recovery. Alterelgticollect a new
sample and re-analyze.

9.3.7 LABORATORY FORTIFIED SAMPLE MATRIX (LFSM} Analysis of an
LFSM is required in each extraction batch and edus determine that the
sample matrix does not adversely affect methodracgu If the occurrence of
1,4-dioxane in the samples is infrequent, or ifdrisal trends are unavailable, a
LFSMD must be prepared, extracted, and analyzed &auplicate Field Sample
to assess method precision (Sect. 9.3.8). Extratt@tches that contain LFSMDs
do not require the analysis of a Field Duplicafea variety of different sample
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matrices are analyzed regularly, for example, dnigkvater from groundwater
and surface water sources, method performancesgbeutstablished for each.
Over time, LFSM data should be documented by therktory for all routine
sample sources analyzed.

9.3.7.1 Within each extraction batch, a minimunowé Field Sample is fortified as
an LFSM for every 20 samples extracted. The LFSgrepared by spiking
a sample with an appropriate amount of the Andfgiification Solution
(Sect. 7.2.3.1). Select a spiking concentratian ifhgreater than or equal to
the matrix background concentration, if known. Ugsorical data and
rotate through low, medium and high concentratishen selecting a
fortifying concentration.

9.3.7.2 Calculate the percent recoverRj%or the analyte using the equation

%szxloo
C

where:
A = measured concentration in the fortified sample
B = measured concentration in the unfortified sample
C = fortification concentration.

NOTE: Field Samples that have native analyte concéntiatibove the
DL but below the MRL, and are fortified at conceitons at or near the
MRL, should be corrected for the native levelsiides to obtain
meaningful %R values. This example and the LRB#{Sx8.1) are the only
permitted use of analyte results below the MRL.

9.3.7.3 Analyte recoveries may exhibit matrix bi&ar samples fortified at or
above their native concentration, recoveries shoande between 70-130%,
except for low-level fortification near or at theRM (within a factor of two
times the MRL concentration) where 50-150% rec@geare acceptable. If
the accuracy of any analyte falls outside the deg&d range, and the
laboratory performance for that analyte is showhean control in the
CCCs, the recovery is judged to be matrix biasHae result for that analyte
in the unfortified sample is labeled “suspect/mdtto inform the data user
that the results are suspect due to matrix effects.

9.3.8 FIELD DUPLICATE (FD) OR LABORATORY FORTIFIEBAMPLE
MATRIX DUPLICATE (LFSMD) — Within each extractiondbch, a minimum of
one Field Duplicate (FD) or Laboratory Fortifiedngale Matrix Duplicate
(LFSMD) must be analyzed. Duplicates check theipien associated with
sample collection, preservation, storage, and ktboy procedures. If method
analytes are not routinely observed in Field Sam@a LFSMD should be
analyzed rather than an FD.
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9.3.8.1 Calculate the relative percent differeri®RieY) for duplicate FD
measurement$-pD1 andFD2) using the equation

RPD = [FD1-FD2
- (FD1+FD2)/2

100

9.3.8.2 RPDs for FDs should 8e80%. Greater variability may be observed when
FDs have analyte concentrations that are withexctof of two of the MRL.
At these concentrations, FDs should have RPDsatleat 50%. If the RPD
of the analyte falls outside the designated raagd,the laboratory
performance for the analyte is shown to be in aymtrthe CCC, the
recovery is judged to be matrix biased. The rdsulthat analyte in the
unfortified sample is labeled “suspect/matrix” bdarm the data user that
the results are suspect due to matrix effectsluféaio meet the FD criteria
is a reflection of the performance of the methadfiat individual sample,
and does not constitute analysis or extractiontbtiture.

9.3.8.3 Ifan LFSMD is analyzed instead of a FDcwlate the relative percent
difference (RPD) for duplicate LFSMs (LFSM and LFBMusing the
equation

LFSM - LFSMD|

RPD =
(LFSM +LFSMD)/2

100

9.3.8.4 RPDs for duplicate LFSMs should<$b80% for samples fortified at or
above their native concentration. Greater vaiitghihay be observed when
LFSMs are fortified at analyte concentrations #rat within a factor of two
of the MRL. LFSMs fortified at these concentrasahould have RPDs
that are< 50% for samples fortified at or above their nateacentration.
If the RPD of the analyte falls outside the desigdaange, and the
laboratory performance for the analyte is showhean control in the CCC,
the recovery is judged to be matrix biased. Tiseltdor that analyte in the
unfortified sample is labeled “suspect/matrix” bdarm the data user that
the results are suspect due to matrix effectslufeaio meet the
LFSM/LFSMD criteria is a reflection of the perfornee of the method for
that individual sample, and does not constitutdyaisor extraction batch
failure.

9.3.9 QUALITY CONTROL SAMPLES (QCS) — As part ofthDC (Sect. 9.2), each
time new calibration standards are prepared, atehat quarterly, analyze a QCS
sample from a source different from the sourcénefdalibration standards. The
QCS should be prepared and analyzed just like a (32€t. 10.3). The
calculated amount for the analyte in the QCS mast B0% of the expected
value. If measured analyte concentrations ar@hatceptable accuracy, check
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the entire analytical procedure to locate and cbtiee problem, or obtain another
QcCs.

9.4 METHOD MODIFICATION QC REQUIREMENTS — The analyst permitted to
modify the GC injection technique, GC column andditions, and MS conditions.

94.1

9.4.2

9.4.3

Each time method modifications are made, the ahalyst repeat the procedures
of the IDC (Sect. 9.2) and verify that all QC cri¢ecan be met in ongoing QC
samples (Sect. 9.3).

The analyst is also required to evaluate and dontimethod performance for the
proposed method modifications in real matrices $ipain the range of waters that
the laboratory analyzes. This additional stegggired because modifications
that perform acceptably in the IDC, which is cortéddn reagent water, can fail
ongoing method QC requirements in real matricesis B particularly important
for methods subject to matrix effects. If, for exae, the laboratory analyzes
finished waters from both surface and groundwateniopalities, this
requirement can be accomplished by assessing joreeisd accuracy (Sects.
9.2.2 and 9.2.3) in a surface water with modemategh Total Organic Carbon
(TOC) (e.g., 2 mg/L or greater) and a hard grourtdwng.g., 250 mg/L or greater
as calcium carbonate).

The results of Sections 9.4.1 and 9.4.2 must beogpately documented by the
analyst and should be independently assessed lghtbatory’s Quality
Assurance (QA) officer prior to analyzing Field Saes.

9.4.3.1 When implementing method modifications, it is teeponsibility of the

laboratory to closely review the results of ongo®@, and in particular, the
results associated with the LFBs (Sect. 9.3.3),M&$Sect. 9.3.7), FDs or
LFSMDs (Sect. 9.3.8), CCCs (Sect. 9.3.2), and $haréa counts (Sect.
9.3.5). If repeated failures are noted, the modifon must be abandoned.

10. CALIBRATION AND STANDARDIZATION

10.1 Demonstration and documentation of acceptables spectrometer (MS) tune and
initial calibration is required before any sampes analyzed. After the initial
calibration is successful, a CCC is required atabginning and end of each period in
which analyses are performed, and after every temtld Sample. Verification of
mass spectrometer tune must be repeated each tmag@ainstrument modification is
made or maintenance is performed, and prior tdokskéng or re-establishing an
initial calibration.

10.2 INITIAL CALIBRATION

10.2.1 MS TUNE/MS TUNE CHECK - Operate the MS ia #iectron ionization (El)

mode. Calibrate the mass and abundance scalks M$ with calibration
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compounds and procedures prescribed by the manwaetith any

modifications necessary to meet tuning requiremeimiect 2 ng or less of the
BFB solution (Sect. 7.2.4) into the GC/MS systef\tquire a mass spectrum that
includes data fom/z 45 to 180. The GC and MS parameters must beushtthat
a minimum of five scans (10 scans are recommenraled)btained during the
elution of the BFB chromatographic peak Use glsispectrum of the BFB
peak, an average spectrum of the three highestspoiithe peak, or an average
spectrum across the entire peak to evaluate tHierpgnce of the system.
Appropriate background subtraction is permitteficthé BFB mass spectrum does
not meet all criteria in Table 1, the MS must béured and adjusted to meet all
criteria before proceeding with the initial caliboa.

10.2.2 ANALYTE CALIBRATION — Operating conditionssed during method
development are described below. Data were oltaiseg SIM on a
guadrupole MS system using the GC column desciib&ection 6.10.1.
Conditions different from those described may bedug QC criteria in Section 9
are met. Different conditions include alternate &@umns, temperature
programs, MS conditions, and injection techniqua$\elume, such as cold on-
column and direct injection port liners and/or Erglume injection techniques.
Equipment specifically designed for alternate typemmjections must be used if
these options are selected. Full scan MS databmassed if the sensitivity
achieved meets the data user’s needs.

10.2.2.1 GAS CHROMATOGRAPH (GC) CONDITIONS - Injeci-pL aliquot of
each CAL prepared as in Section 7.2.2 into a Ipht/esss injection port
held at 200°C with a split delay of 0.5 min. Temperature progrihe GC
as follows: initial oven temperature of 3Q, hold for 1.0 min, ramp at
7 °C/min to 90°C, ramp at 20C/min to a final temperature of 20C and
hold for 3.0 min, for a total run time of 18.07 miBegin data acquisition at
6.0 min. During method development, the GC wasaipd in a constant
flow rate mode at a rate of 1.0 mL per min. The WI$source and the GC
injector were both maintained at 200.

NOTE: Using these conditions, all compounds of inteedstied before

9 min. However, it is important to complete the @@perature program to
ensure that co-extracted materials have eluted then&C column prior to
initiating the next analysis.

10.2.2.2 MASS SPECTROMETER (MS) CONDITIONS — Anpéyof MS may be

used as detailed in Sect. 6.10.4. Data shownatid®el7 (Tables 2-5) were
obtained in the SIM mode. Operation of the MShis inode enhances
sensitivity. However, less mass spectral datahtained for all peaks
including the method analyte, SUR, IS and any patkimterferences.
Because of this, and because the selected iotsd@ompounds of interest
are very low masses that are likely to occur moggquently in interferences
than most higher mass ions, the analyst shouldralg@mn chromatography
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to reduce the possibility of false positives. slthighly recommended that a
GC column at least 30 m in length with a film tmelss of at least 1

be used to provide adequate separation of the congsoof interest from
possible interferences. During method developntBetMS was scanned in
SIM mode fomvVz 46, 78, and 80 (IS) at a rate of 0.36 s/scan gnteat 1

(6 to 8 min). Segment 2 (8 to 18 min) was secandorm/z 58 and 88
(TARGET), as well as 62, 64, and 96 (SUR) at 0/606am, resulting in at
least nine scans across each chromatographic geaknimum of five
scans during the elution of each GC peak are requilen scans across
each GC peak are recommended. This requiremappigable to both full
scan and SIM analysis. Timing of the SIM segmemist be set such that
no chromatographic peak of interest begins or enttsn 5 s of the
beginning or end of the segment. An example chtognam obtained
during method development using the instrumentaditns described in
this section is shown in Figure 1.

10.2.3 CALIBRATION CURVE - Use the GC/MS softwacedreate a calibration curve
for 1,4-dioxane using the IS technique. Concelatingatmay be calculated through
the use of a linear or quadratic calibration curdeweighted curve is permitted at
the discretion of the analyst. Because the SURI#®d to all samples and
standards at a single concentration, calibratéh®ISUR using the average
response factor.

10.2.4 CALIBRATION ACCEPTANCE CRITERIA — When quatated using the
calibration curve, each calibration point, excéyet lowest point, should calculate
to be within 80-120% of its true value. The lowvesint should calculate to be
within 60-140% of its true value. If these critedannot be met, the analyst will
have difficulty meeting ongoing QC criteria. Itrscommended that corrective
action be taken to re-analyze the CALs, restrietringe of calibration, or select
an alternate method of calibration.

10.3 CONTINUING CALIBRATION CHECK (CCC) — The CCrrifies the initial
calibration at the beginning and end of each g@iuamalyses, and after every tenth
sample during analyses. In this context, a “safripleonsidered to be a Field
Sample. The LRBs, LFBs, LFSMs, LFSMDs, FDs and €@f& not counted as
samples. The beginning CCC for each analysis batdgt be at or below the MRL in
order to verify instrument sensitivity prior to aagalyses. Subsequent CCCs must
alternate between medium and high concentrationsCAL

10.3.1 Inject an aliquot of the appropriate coneditin CAL solution and analyze with
the same conditions used during the initial catibra

10.3.2 Determine that the absolute area of thef @ienlS has not changed by more than

+ 50% from the average area measured during imdiltbration, or more than
+ 30% from the most recent CCC. If the IS areadiged by more than this
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amount, remedial action must be taken (Sect. 10.Zéntrol charts are useful
aids in documenting system sensitivity changes.

10.3.3 Calculate the concentration of 1,4-dioxambthe SUR in the check standard.

The calculated amount for 1,4-dioxane for medium laigh level CCCs must be
+ 30% of the true value. The calculated amounttierlowest calibration level
for 1,4-dioxane, which must be at a concentratess than or equal to the MRL,
must be within = 50% of the true value. If thesigecia are not met, then all data
for the problem analyte must be considered invalm remedial action

(Sect. 10.3.4) should be taken. This may reqeicalibration. Any Field Sample
extracts that have been analyzed since the lasptatule calibration verification
should be re-analyzed after adequate calibratigrblean restored, with the
following exception: if the CCC fails at the endaof analytical sequence because
the calculated concentration of the target compaur®alUR is greater than 130%
(150% for the low-level CCC), and Field Sample agts show no detection for
the target compound, non-detects may be reportdobuti re-analysis.

10.3.4 REMEDIAL ACTION - Failure to meet CCC QC fmemance criteria may

require remedial action. Major maintenance suctieaning the ion source,
cleaning the mass analyzer, replacing filamentrabBes, replacing the GC
column, etc., require returning to the initial badition step (Sect. 10.2).

11. PROCEDURE

111

11.2

This procedure may be performed manually @niautomated mode (Sect. 6.8.4)
using a robotic or automatic sample preparationcgevif an automatic system is used
to prepare samples, follow the manufacturer's dapgranstructions, but all extraction
and elution steps must be the same as in the mprm@dure.Extraction and/or
elution steps may not be changed or omitted to aceonodate the use of an
automated system.

Important aspects of this analytical proceduckide proper preparation of laboratory
glassware and sample containers (Sect. 4.1), asasvemple collection and storage
(Sect. 8). This section details the proceduresdonple preparation, SPE using 2-g
coconut charcoal or 0.4-g carbon cartridges asritbesktin Sect. 6.8.1, and extract
analysis.

NOTE: The SPE cartridges and sodium sulfate drying nadsetlescribed in this
section are designed as single use items and rauBstarded after use. They may
not be refurbished for re-use in subsequent analyse

NOTE: Only purge and trap grade methanol may be used irhis extraction (see

Sect. 4.3).
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11.3 SAMPLE PREPARATION

11.3.1 All Field and QC samples (LRBs and LFBs) twasitain the dechlorinating
agent, sodium sulfite. Verify that Field Samplesrevchecked for total chlorine
upon sample receipt at the laboratory, and thathtarine was present (Sect.
8.3.1). Add sodium sulfite to all LRBs and LFBgaxling to the instructions in
Section 8, prior to fortification with the SUR aadalyte.

11.3.2 All Field and QC samples (LRBs and LFBs)shtontain the anti-microbial
agent sodium bisulfate. Verify that Field Samplese acidified to < pH 4 at the
time of collection by checking with narrow range p&ber (this verification may
take place at sample receipt if preferred by thedatory). Add sodium bisulfate
to all LRBs and LFBs according to the instructiom&ection 8, prior to
fortification with the SUR and analyte.

11.3.3 If the sample bottles used contain a sangilene close to the sample volume to
be extracted (x 10%), mark the sample level orotiteide of the sample
container for subsequent measurement of the saroplene. After the sample
has been extracted, determine the exact samplenedby filling the bottle to the
mark with water and transferring to an appropnratgted graduated cylinder.
Measure to within £ 5 mL for 100 mL samples, anavithin + 25 mL for
500-mL samples. If a much larger sample has bekected than will be
extracted, transfer either 100 mL or 500 mL of¢heple to a clean glass
container with a clean graduated cylinder. Themamolume will depend upon
the SPE being used (Sects. 11.4, 11.5).

Alternatively, the sample volume may be calcuddig weighing the sample
bottle before and after extraction (or sample ti@Msand using a density of
1.0 g/mL.

11.3.4 ADDITION OF SURROGATE (SUR) ANALYTE — Add atiquot of the
Surrogate Analyte Fortification Solution (Sect..3.2) to all samples and mix by
swirling the sample. Addition of 2,8 of a 2000ng/mL solution to a 500-mL
sample will result in a concentration of §/L. Addition of 5uL of a
2004ug/mL solution to a 100-mL sample will also resulia concentration of
10 pg/L.

11.3.5 FORTIFICATION WITH METHOD ANALYTE - If theample is an LFB,
LFSM, or LFSMD, add the necessary amount of AnaRgdification Solution
(Sect. 7.2.3.1). Swirl each sample to ensureaatigonents are properly mixed.
Addition of 2.5uL of a 200ug/mL solution to a 500-mL sample will result in a
concentration of Lig/L. Addition of 5uL of a 20ug/mL solution to a 100-mL
sample will also result in a concentration qfdiL.

11.3.6 Proceed with sample extraction Option 1tSec4) or Option 2 (Sect. 11.5).
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11.4 SPE PROCEDURE OPTION 1; EXTRACTION OF 500-MANBPLES — Proper
conditioning of the solid phase sorbent can haneeked effect on method precision
and accuracy. This section describes the SPE gwoe@ising 2-g coconut charcoal
cartridges and the transfer tube system and SPHatthas described in Section 6.8.

11.4.1 CARTRIDGE CONDITIONING

11.4.1.1 Fill the cartridge with approximately 3 mt.DCM, turn on the vacuum,
and pull the solvent through, aspirating completely

11.4.1.2 Fill the cartridge with approximately 3 mtmethanol, turn on the vacuum,
and pull the solvent through, aspirating completely

11.4.1.3 Fill the cartridge with approximately 3 mimethanol and elute with
vacuum to just above the top frit - not allowing ttartridge to go dry at the
end. From this point forward, do not allow thetdege to go dry.

11.4.1.4 Fill the cartridge with approximately 3 rolL.reagent water, turn on the
vacuum, and pull the water through, repeat fiveeinwithout allowing the
cartridge to go dry in between washes or at the end

11.4.2 SAMPLE EXTRACTION - Attach a transfer tulberh each sample bottle to
each cartridge and then turn on the vacuum. Adnesvacuum so that the
approximate flow rate is 10 mL/min. After all teemple has passed through
each SPE cartridge, detach the transfer tube aavd ar through the cartridge for
10 min at full vacuum. Turn off and release thewan. Proceed immediately
with cartridge elution.

11.4.3 CARTRIDGE ELUTION — Lift the extraction médwmid top and insert a rack with
collection tubes into the vacuum manifold tank eédlext the extracts as they are
eluted from the cartridges. Fill each cartridgeéwi@CM. Pull enough of the
solvent into the cartridge at low vacuum to soakdbrbent. Turn off the vacuum
and vent the system. Allow the sorbent to sodB@M for approximately 1 min.
Apply a low vacuum and pull the DCM through thetgdge in a dropwise
fashion into the collection tube. Continue to &M to the cartridge as it is
being drawn through until the volume of extracal®ut 9 mL, determined by the
markings on the side of the collection tube.

11.4.4 Remove collection tubes containing the extract ftbewvacuum manifold.
Adjust the final volume as closely as possible@ariL with DCM. Small
amounts of residual water from the sample contandrthe SPE cartridge may
form a small immiscible layer with the extract. aRehe volume on the collection
tube at the level of the DCM layer. Add the I1Sdd#ion of 5uL of a
1000ug/mL IS solution to a 10-mL extract will resultam IS concentration of
500 ng/mL. Mix well. A vortex mixer is recommerntdeTo eliminate residual
water, add approximately 2 g of anhydrous sodiuliatas Mix well. Transfer
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aliquots of the extract to autosampler vials, tveotglass vials, for storage until
analysis.

NOTE: Experiments during method development indicatadl ttis extract
cannot be reliably concentrated by nitrogen evamordecause of the volatility

of the method analyte. Therefore, extract coneg¢iotn to enhance sensitivity is
not permitted.

11.5 SPE PROCEDURE OPTION 2; EXTRACTION OF 100-MANBPLES — Proper
conditioning of the solid phase sorbent can haneeked effect on method precision
and accuracy. This section describes the SPE gwoe@ising Waters AC-2 Sep-Pak

or Supelco Supelclean ENVI-Carb Plus cartridges @@-mL reservoirs and the SPE
manifold as described in Sect. 6.8.

11.5.1 CARTRIDGE CONDITIONING

11.5.1.1 Fill the cartridge with approximately 1 mtDCM, turn on the vacuum,
and pull the solvent through, aspirating completely

11.5.1.2 Place a reservoir over each cartridgdituie cartridge with

approximately 2 mL of methanol, turn on the vacuang pull the solvent
through, aspirating completely.

11.5.1.3 Fill the cartridge with approximately 2 mt.methanol and elute with
vacuum to just above the top of the cartridge -aflotwing the cartridge to

go dry at the end. From this point forward, do aléiw the cartridge to go
dry.

11.5.1.4 Fill the cartridge with approximately 3 roLreagent water, turn on the

vacuum, and pull the water through, without allogvthe cartridge to go
dry.

11.5.2 SAMPLE EXTRACTION - Fill each reservoir wgmple. Adjust the vacuum
so that the approximate flow rate is 10 mL/min6@&mL reservoir will require a
second filling to complete sample loading. Aftdrthé sample has passed
through each SPE cartridge, detach the reservdideaw air through the

cartridge for 10 min at full vacuum. Turn off arelease the vacuum. Proceed
immediately with cartridge elution.

11.5.3 CARTRIDGE ELUTION - Lift the extraction mdwid top and insert a rack with
2-mL volumetric collection tubes into the extractiiank to collect the extracts as
they are eluted from the cartridges. (It is natassary to reverse the ENVI-Carb
Plus cartridge as described in the manufacturgesature.) Fill each cartridge
with DCM. Pull enough of the solvent into the calge at low vacuum to soak
the sorbent. Turn off the vacuum and vent theesystAllow the sorbent to soak
in DCM for approximately 1 min. Apply a low vacuuend pull the DCM
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through the cartridge in a dropwise fashion in®¢bllection tube. Continue to
add DCM to the cartridge as it is being drawn tigiountil the volume of extract
is about 1.5 mL, estimated by the volumetric marklee side of the collection
tube.

11.5.4 Remove collection tubes containing the ekgrixom the vacuum manifold.
Adjust the final volume as closely as possible l2with DCM. Small amounts
of residual water from the sample container and3RE cartridge may form a
small immiscible layer with the extract. Read Woéume on the collection tube at
the level of the DCM layer. Add the IS. Additioh10uL of a 100ug/mL IS
solution to a 2-mL extract will result in an IS @@mtration of 500 ng/mL. Mix
well. A vortex mixer is recommended. To eliminegsidual water, pass the
2-mL extracts through a small column containingiaimum of 0.4 g of dry
anhydrous sodium sulfate. A fritted 3-mL polyprame column or a 5-8 mm
diameter disposable pipette with a small piecelasgwool may be used. Collect
the extracts from the drying column directly in 2-sutosampler vials for storage
until analysis.

NOTE: Experiments during method development indicatedl s extract
cannot be reliably concentrated by nitrogen evapordecause of the volatility
of the method analyte. Therefore, extract conegiotn to enhance sensitivity is
not permitted.

11.6 Analyze an aliquot of the sample extract pregaising Option 1 or 2, with the
GC/MS system under the same conditions used fantti@l and continuing
calibrations (Sect. 10).

12. DATA ANALYSIS AND CALCULATIONS

12.1 IDENTIFICATION OF ANALYTES — At the conclusion ofata acquisition, use the
same software that was used in the calibrationguhore to identify peaks in
predetermined retention time windows of interddse the data system software to
examine the ion abundances of components of tleyatogram. Identify a sample
component by comparison of its SIM (or full scargs®s spectrum to a SIM (or full
scan) reference spectrum in the user-created datalide GC retention time of a
method analyte should be within one to two setefretention time observed for that
same compound in the most recently analyzed CQ@latd. Ideally, the width of the
retention time window should be based upon measemesof actual retention time
variations of standards over the course of a ddyee times the standard deviation of
a retention time can be used to calculate a suggi@ghdow size for an analyte.
However, the experience of the analyst should whegvily in the interpretation of
the chromatogram. When this method is performetienSIM mode, verification of
retention times is particularly important becalwessimass spectral information is
being collected.
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12.2 IDENTIFICATION VERIFICATION USING ION RATIOS When the QI of
1,4-dioxanerfvz 88) is observed at the correct retention timeifywénat it is truly
present by verifying that the ratio of the confitroa ion (1Wz 58) to the QI fVz 88) is
within an absolute +20% of the ratio observed mid-range calibration standard. For
example, if the ratio in the standard is 70%, ttienratio in a Field Sample must be
within 50-90%. Ratios must be determined using the integrated areafor the QI
and confirmation ion from their respective mass chomatograms. Using relative
abundances obtained directly from the mass spectun@ther or not it has undergone
background subtraction, is not acceptable. Vamatin system software and analyst
subjectivity in selecting background spectra fdsteaction can affect the validity of
the ratio calculation when the relative abundamomfthe spectrum is used. Using a
raw spectrum (not corrected for background) cao aftect the validity of the ratio
calculation.

Use similar procedures for identification of ttgednd SUR. Suggested QIs and
confirmation ions for these compounds may be faanthble 2 (Sect. 17).

12.3 Calculate analyte and SUR concentrations ukegnulti-point calibration established
in Section 10.2. Do not use daily CCC data to tjtete 1,4-dioxane or the SUR in
samples. The integrated abundances of the Qleddnalyte, SUR and IS should be
used for all calculations. Adjust the final analgbncentrations to reflect the actual
sample volume as determined in Sect.11.3.3. Maldple extracts that require
dilution should be treated as described in Sectihd.

12.4 EXCEEDING CALIBRATION RANGE — An analyst musot extrapolate beyond the
established calibration range. If an analyte tesxdeeds the range of the initial
calibration curve, the extract may be diluted ViiX&M, with the appropriate amount
of IS added to match the original concentratiom te diluted extract injected.
Acceptable SUR performance (Sect. 9.3.6.1) shoellddtermined from the undiluted
sample extract. Incorporate the dilution factao ifinal concentration calculations.
The resulting sample should be documented as aahjiand the MRL adjusted
accordingly.

12.5 Calculations must utilize all available digifsprecision, but final reported
concentrations should be rounded to an appropmiatgber of significant figures (one
digit of uncertainty), typically two, and not maiean three significant figures.

NOTE: Some data in Section 17 of this method are regavith more than two
significant figures. This is done to better ilkade the method performance data.

13. METHOD PERFORMANCE

13.1 Method performance data presented in Seclomete obtained with a Thermo
Finnigan Trace DSQ GC/MS system. Any GC/MS sysitesih meets all of the QC
requirements of the method may be used.
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13.2 PRECISION, ACCURACY, AND MINIMUM REPORTING LEKLS - Single
laboratory DLs and LCMRLs are presented in Tabl&Bgle laboratory accuracy
and precision data from both fortified reagent wated fortified drinking water
matrices are presented in Tables 4 and 5, respéctifwo of the matrices tested
were selected specifically as potentially difficalaitrices because of either their
relatively high TOC or high mineral content (hardsle There was no apparent
difference in method performance when results freagent water studies were
compared to these drinking water matrices.

13.3 METHOD PERFORMANCE IN SAMPLES WITH HIGH CONCHIRATIONS OF
1,1,1-TRICHLORETHANE — Because of its widespread as a chlorinated solvent
stabilizer, 1,4-dioxane may be found in the presesfchigh concentrations of
1,1,1-trichloroethane. The method was testedhigla TOC water matrix with up to
500ug/L of 1,1,1-trichloroethane added as a co-contantinNo adverse affect was
observed, and the method performed well within @@t$ (data not shown).

13.4 SAMPLE STORAGE STABILITY STUDIES

13.4.1 AQUEOUS SAMPLES - Chlorinated drinking wageamples from a surface
water source were fortified with 1,4-dioxane andserved and stored as required
in Section 8. Samples were extracted and analyeexplicate (n=7) on day O,
and at five additional times points up to and bely28 days. Data from these
analyses validate the 28 day holding time, angegsented in Figure 2.

13.4.2 EXTRACTS — Sample extracts stored at -ari@ protected from light were
analyzed in replicate (n=7) on day 0, and at tlkdgitional time points up to and
beyond 28 days. Data from these analyses validat28 day holding time, and
are presented in Figure 3.

13.5 MULTIPLE LABORATORY DEMONSTRATION — The perfarance of this method
was demonstrated in two additional laboratoriesh wesults similar to those reported
in Section 17. The authors wish to acknowledgeaisstance of the analysts and
laboratories listed below for their participationthe multi-lab demonstration.

13.5.1 Mr. Alan Zaffiro of Shaw Environmental aimdrastructure, Inc. under contract to
the USEPA Office of Ground Water and Drinking Walechnical Support
Center, Cincinnati, OH.

13.5.2 Dr. Peggy Knight and Ms. Megan Picketthef USEPA Region 10 Laboratory,
Port Orchard, WA.

14. POLLUTION PREVENTION

14.1 This method utilizes SPE to extract the aedigim water. It requires the use of very
small volumes of organic solvent and very smallrii@s of pure analyte, thereby
minimizing the potential hazards to both the artadysl the environment as compared
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to the use of large volumes of organic solventimventional liquid-liquid
extractions.

14.2 For information about pollution preventionttheay be applicable to laboratory
operations, consult “Less is Better: Laboratory i@leal Management for Waste
Reduction” available from the American Chemical i8ty¢s Department of
Government Relations and Science Policy, 1155 $6tet N.W., Washington, D.C.,
20036 or on-line at http://membership.acs.org/éfrds 9.htm. (accessed September
2008).

15. WASTE MANAGEMENT

15.1 The analytical procedures described in thithotegenerate relatively small amounts
of waste since only small amounts of reagents ahasts are used. The matrices of
concern are finished drinking water or source waWiaste management practices
must be conducted consistent with all applicablesrand regulations, and
laboratories must protect the air, water, and landinimizing and controlling all
releases from fume hoods and bench operations.p{tome is required with any
sewage discharge permits and regulations, partlgutee hazardous waste
identification rules and land disposal restrictions
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17.TABLES, DIAGRAMS, FLOWCHARTS AND DEMONSTRATIONDATA

Table 1. Bromofluorobenzene (BFB) Tune Verificatia Criteria

Mass (m/2) Relative Abundance Criteria

50 15-40% of mass 95

75 30-80% of mass 95

95 Base peak, 100% relative abundance
96 5-9% of mass 95

173 <2% of mass 174

174 >50% of mass 95

175 5-9% of mass 174

176 >95% but <101% of mass 174

177 5-9% of mass 176

Table 2. Retention Times and Quantitation lons (Qls

Compound Retention Time (min) SIM lons (n/2)
1,4-dioxane 8.85 5888
1,4-dioxaneds (SUR) 8.77 62, 6406
THF-d5 (1S) 6.68 46, 78, 80

Note: Suggested quantitation ion in bold.
a. lon traps may give a confirmation ionnaz 57 for 1,4-dioxane instead of the typicalkz 58
in quadrupole spectra and in many mass spectrafigs. If the instrument has been

calibrated and passes bromofluorobenzene (BFBR¥r@jtthenm/z 57 may be used as the
confirmation ion on ion trap instruments.

Table 3. Lowest Concentration Minimum Reporting Lewel (LCMRL) and Detection
Limit (DL) Calculated for Each Extraction Option

Compound/Extraction Option LCMRL DL (pg/L)
(ng/L)

1,4-dioxane (500 ml w/2-g Coconut charcoal) 0.047 .026'

1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak cartridge 0.036 0.020

a. Calculated from replicates fortified at 0.Q4fIL, n=7.
b. Calculated from replicates fortified at 0.03§/L, n=8.
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Table 4. Demonstration of Method Performance in Regent Water Fortified with

1,4-Dioxane at Three Concentrations

Compound/Extraction Option

Reagent Water Fortified at

0.030 or 0.04Qug/L
(n=7 or 8)®

Mean % RSD (%)

recovery
1,4-dioxane (500 ml w/2-g Coconut charcoal) 110 19
1,4-dioxaneds (SUR) (500 ml w/2-g Coconut charcoal) 92 3.5
1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak cartridge 110 20
1,4-dioxaneds (SUR) (100 ml w/Waters AC-2 Sep-Pak 102 3.8

cartridge)

Reagent Water Fortified at
1.0 pg/L (n=6)

Mean % RSD (%)
recovery
1,4-dioxane (500 ml w/2-g Coconut charcoal) 98.0 2 6.
1,4-dioxaneds (SUR) (500 ml w/2-g Coconut charcoal) 97.1 5.2
1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak carg&)dg 101 4.2
1,4-dioxaneds (SUR) (100 ml w/Waters AC-2 Sep-Pak 105 4.8

cartridge)

Reagent Water Fortified at
10.0pg/L (n=7)

Mean % RSD (%)
recovery
1,4-dioxane (500 ml w/2-g Coconut charcoal) 93.9 8 2.
1,4-dioxaneds (SUR) (500 ml w/2-g Coconut charcoal) 90.1 2.8
1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak carg)dg 95.2 2.9
1,4-dioxaneds (SUR) (100 ml w/Waters AC-2 Sep-Pak 99.3 3.0

cartridge)

a. Samples (500 mL) extracted on 2-g Coconut clahcartridges were fortified at 0.04@/L,

n=7. Samples (100 mL) extracted on Waters AC-2Bapcartridges were fortified at 0.030

ug/L, n=8.
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Table 5.

Demonstration of Method Performance in Dmking Water Matrices Using Each

of the Solid Phase Extraction (SPE) Options; MatrixSamples Fortified at 1.0

ng/L (n=7 for each matrix)

Compound/Extraction Option

Surface Water

Mean % RSD (%)
recovery
1,4-dioxane (500 ml w/2-g Coconut charcoal) 99.0 4.9
1,4-dioxaneds (SUR) (500 ml w/2-g Coconut charcoal) 100 2.5
1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak cart)dg 97.0 4.6
1,4-dioxaneds (SUR) (100 ml w/Waters AC-2 Sep-Pak 98.5 2.5
cartridge)
Surface Water (high in
TOC)®
Mean % RSD (%)
recovery
1,4-dioxane (500 ml w/2-g Coconut charcoal) 102 3.5
1,4-dioxaneds (SUR) (500 ml w/2-g Coconut charcoal) 99.8 2.4
1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak cart&)dg 98.5 5.6
1,4-dioxaneds (SUR) (100 ml w/Waters AC-2 Sep-Pak 101 4.2
cartridge)
Groundwater (high in
mineral content)
Mean % RSD (%)
recovery
1,4-dioxane (500 ml w/2-g Coconut charcoal) 85.9 2.1
1,4-dioxaneds (SUR) (500 ml w/2-g Coconut charcoal) 98.2 2.5
1,4-dioxane (100 ml w/Waters AC-2 Sep-Pak care)dg 101 3.3
1,4-dioxaneds (SUR) (100 ml w/Waters AC-2 Sep-Pak 104 5.9
cartridge)

a. Percent recovery after correction for matrixkgmound of 0.66.g/L.

b. Percent recovery after correction for matrixkggound of 0.42.g/L.
Note: Groundwater used for these Laboratory FortifieanBEs (LFBs) was collected from the
same source as the 500 mL LFBs using coconut calatmat was collected on different days,
thus the difference in matrix background concertnat

c. TOC measured at 4.950 mg/L.

d. Hardness measured at 289 mg/L as calcium catdaona

e. Percent recovery after correction for matrixkdgaound of 0.07Qug/L.

f. Percent recovery after correction for matrix kground of 0.08Qug/L.
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Table 6.

Initial Demonstration of Capability (IDC) and Quali ty Control (QC) Requirements (Summary)

at

Method Requirement Specification and Frequency Acceptance Criteria
Reference
Sect. 9.2.1 | Initial Demonstration of | Analyze LRB prior to any other IDC steps. Whereavy Demonstrate that the method analyte 3 the
Low Background lot of SPE media is obtained, verify that backgibisn | MRL, and that possible interferences from
at acceptable limits. extraction media do not prevent the identification
and/or quantification of the method analyte, SUR
or IS.
Note: This includes the absence of interferences
both the QIs and confirmation ions at the RTs of
interest.
Sect. 9.2.2 | Initial Demonstration of | Analyze 4-7 replicate LFBs fortified near the mitige | %RSD must b& 20%
Precision (IDP) calibration concentration.
Sect. 9.2.3 | Initial Demonstration of | Calculate average recovery for replicates use®i | | Mean recoverg 20% of true value
Accuracy (IDA)
Sect. 9.2.4 | Minimum Reporting Fortify, extract and analyze 7 replicates at treppsed | Upper PIR< 150%
Limit (MRL) MRL concentration. Calculate the mean, standard
Confirmation deviation and HBr. Confirm that the upper and lower | ower PIR> 50%
limits for the Prediction Interval of Result (UppeiR,
and Lower PIR, Sect. 9.2.4.2) meet the recovetgriai
Sect. 9.2.5 | Calibration Confirmation,| Analyze a standard from a second source (QCS) to | £ 20% of the expected value.
&9.3.9 Quality Control Sample | verify the initial calibration curve.
(QCS)

NOTE: Table 6 is intended as an abbreviated summarylofgguirements provided as a convenience to theadatser. Because the information has been
abbreviated to fit the table format, there maydsaiés that need additional clarification, or avasre important additional information from the hed text
is needed. In all cases, the full text of the @Geéction 9 supersedes any missing or conflictifgrimation in this table.
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Table 7. Ongoing Quality Control (QC) Requirements (Summary)

O

Method Requirement Specification and Frequency Acceptance Criteria
Reference
Sect. 8.3 Sample Holding Time 28 days with appropriate prestion and storage as | Sample results are valid only if samples are
described in Sections 8.1-8.3. extracted within sample hold time.
Sect. 8.4 Extract Holding Time 28 days stored at -5 °C and protected from light Sample results are valid only if extracts are
analyzed within extract hold time.
Sect. 9.3.1 | Laboratory Reagent BlankOne LRB with each extraction batch of up to 20driel | Demonstrate that the method analyte concentratjon
(LRB) Samples. is < !/3the MRL, and confirm that possible
interferences do not prevent quantification. # th
background concentration exceéshe MRL,
results for the extraction batch are invalid.
Sect. 9.3.3 | Laboratory Fortified One LFB is required for each extraction batch ofap | Results of LFB analyses at medium and high
Blank (LFB) 20 Field Samples. Rotate the fortified concerdreti fortifications must be 70-130% of the true value f
between low, medium, and high amounts. the analyte and SUR. Results of the low-level LFB
must be 50-150% of the true value.
Sect. 9.3.5 | Internal Standard (IS) Compare IS area to the average IS area in thaliniti | Peak area counts for all injections must be within
calibration and the most recent CCC. + 50% of the average peak area calculated during
the initial calibration and 30% from the most
recent CCC. If the IS does not meet this criterion
target analyte results are invalid. Consult Sect.
9.3.5 for further information.
Sect. 9.3.6 | Surrogate(SUR) The SUR standard added to all calibration standands| SUR recovery must be 70-130% of the true value.
Standards samples, including QC samples. Calculate SUR If a SUR fails this criterion, report all results f
recoveries. sample as suspect/SUR recovery.
Sect. 9.3.7 | Laboratory Fortified Analyze one LFSM per extraction batch (of up to 20 | See Sect. 9.3.7.3 for instructions on the
Sample Matrix (LFSM) | Field Samples) fortified with the method analyt@at | interpretation of LFSM results.
concentration close to but greater than the native
concentration. Calculate LFSM recoveries.
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Table 7.0ngoing Quality Control (QC) Requirements (Summary)(Continued)

o=

n

=1

Sect. 9.3.8 | Laboratory Fortified Extract and analyze at least one FD or LFSMD with | Method analyte RPDs for the LFSMD or FD shol
Sample Matrix Duplicate | each extraction batch of up to 20 Field Samples. A | be< 30% at mid and high levels of fortification an
(LFSMD) or Field LFSMD may be substituted for a FD when the <50% near the MRL. Failure to meet this criterig
Duplicates (FD) frequency of detects for 1,4-dioxane are low. Gale | may indicate a matrix effect.
RPDs.
Sect. 9.3.9 Quality Control Sample | Analyze QCS during the IDC, each time CAL solutionsResults must be 80-120% of the expected value.
(QCS) are prepared. A QCS must be analyzed at least
quarterly.

Sect. 10.2 Initial Calibration Use IS calibration technique to generate a linear o | When each calibration standard is calculated as
guadratic calibration curve. The number of stadslar | unknown using the calibration curve, the result
required is determined by the calibration range{Se | should be 80-120% of the true value for all excef
7.2.2). Check the calibration curve as described i the lowest standard, which should be 60-140% o
Section 10.2.4. the true value. If this criterion is not met, rabze

CALs, select a different method of calibration or
recalibrate over a shorter range.

Sects. 10.1 | MS Tune Check Analyze BFB to verify MS tune eachetithe Criteria are given in Table 1.

and 10.2.1 instrument is calibrated.

Sect. 10.3 | Continuing Calibration Verify initial calibration by analyzing a calibrati

Check (CCC) standard at the beginning of each analysis baioh for
analyzing samples, after every 10 samples, andtate
last sample. The first CCC daily must be at opiethe
MRL. Subsequent CCCs alternate between medium|and
high concentrations.
Low CCC — at or below the MRL concentration Low: + 50% of true value
Mid CCC — near midpoint in initial calibration cuav Mid: + 30% of true value
High CCC — near the highest calibration standard. High: + 30% of true value

Note: Table 7 is intended as an abbreviated summaryGofgguirements provided as a convenience to thhadeiser. Because the information has been
abbreviated to fit the table format, there maydsaiés that need additional clarification, or av@asre important additional information from the hed text
is needed. In all cases, the full text of Secti®19 in the method supersedes any missing oricong information in this table.
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Figure 1. Reconstructed total ion current chromatogam and mass chromatograms for THFés (IS),
1,4-dioxaneds (SUR), and 1,4-dioxane at 0.g/mL each (the standard is equivalent to an extraabf
a 10png/L aqueous sample). * Peak at 6.845 min is chidmym, a chemical present in DCM.
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Stability of 1,4-Dioxane in Drinking Water
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Figure 2. Stability of 1,4-dioxane in preserved dnking water stored at 4°C in the dark, over a 35-
day time period. Replicate samplesn(= 7) were fortified to a concentration of 1ug/L 1,4-dioxane.
Matrix blank data were used to correct for native analyte concentrations.

Stability of 1,4-Dioxane in Extracts
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Figure 3. Stability of 1,4-dioxane in sample extrets stored at -5°C, in the dark, over a 42-day time
period. Replicate samplesr(= 7) were fortified to a concentration of 1(ug/L 1,4-dioxane.
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