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METHOD 528
DETERMINATION OF PHENOLSIN DRINKING WATER

BY SOLID PHASE EXTRACTION AND CAPILLARY COLUMN
GASCHROMATOGRAPHY/MASS SPECTROMETRY (GC/MYS)

SCOPE AND APPLICATION

1.1 Thismethod provides procedures for the determination of phenolsin finished drinking
water. The method may be applicable to untreated source waters and other types of
water samples, but it has not been evaluated for these uses. The method is gpplicableto a
variety of phenolsthat are efficiently partitioned from the water sample onto a modified
polystyrene divinylbenzene solid phase sorbent, and sufficiently volatile and thermally
gable for gas chromatography. The method includes the following compounds:

ANALYTE CASNUMBER
phenol 108-95-2
2-chlorophenal 95-57-8
2-methylphenol (o-cresol) 95-48-7
2-nitrophenol 88-75-5
2,4-dimethylphenol 105-67-9
2,4-dichlorophenal 120-83-2
4-chloro-3-methyl phenol 59-50-7
2,4,6-trichlorophenol 88-06-2
2,4-dinitrophenol 51-28-5
4-nitrophenal 93951-79-2
2-methyl-4,6-dinitrophenol 534-52-1
pentachlorophenol 87-86-5
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1.2 Method detection limit (MDL) is defined as the satistically caculated minimum concentra-
tion that can be measured with 99% confidence that the reported vaue is greeter than zero
(2). TheMDL iscompound dependent and is particularly dependent on extraction
efficiency, sample matrix, and insrument performance. MDLs for method andytes range
from 0.02-0.58 :g/L, and arelisted in Table 1. The concentration calibration range
demonstrated by this method is 0.1 :g/L to 15 :g/L for most andytes, and gpproximately
1.0 :g/L to 15 :g/L for 2,4-dinitrophenoal, 4-nitrophenol, 2-methyl-4,6-dinitrophenol, and
pentachlorophenal.

1.3 Thismethod should be performed only by andysts with experience in solid phase extrac-
tions and GC/M S andyses.

SUMMARY OF METHOD

Anaytes and surrogates are extracted by passing a1 L water sample through a solid phase
extraction (SPE) cartridge containing 0.5 g of amodified polystyrene divinyl benzene copolymer.
The organic compounds are duted from the solid phase with asmal quantity of methylene
chloride. The sample components are separated, identified, and measured by injecting an diquot
of the concentrated extract into a high resolution fused slica capillary column of aGC/MS
system. Compounds duting from the GC column are identified by comparing their measured
mass spectra and retention times to reference spectra and retention times in a data base.
Reference spectra and retention times for analytes are obtained by the measurement of calibra-
tion standards under the same conditions used for samples. The concentration of each identified
component is measured by relating the M S response of the quantitation ion(s) produced by that
compound to the M S response of the quantitation ion(s) produced by a compound that is used
asaninterna standard. Surrogate andytes, whose concentrations are known in every sample,
are measured with the same internd standard calibration procedure.

DEFINITIONS

3.1 ANALYSISBATCH -- A st of samples analyzed on the same instrument during a 24
hour period that begins and ends with the analysis of the appropriate Continuing Calibra-
tion Check (CCC) standards. Additiona CCCs may be required depending on the length
of the andysis batch and/or the number of Fidd Samples

3.2 CALIBRATION STANDARD (CAL) -- A solution prepared from the primary dilution
standard solution or stock standard solutions and the internal standards and surrogate
andytes. The CAL solutions are used to cdibrate the instrument response with respect to
andyte concentration.
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3.3

34

35

3.6

3.7

3.8

39

CONTINUING CALIBRATION CHECK (CCC) -- A cdibration standard containing
one or more method andytes, which is analyzed periodicdly to verify the accuracy of the
exiding cdibration for those andytes.

EXTRACTION BATCH -- A st of up to 20 field samples (not including QC samples)
extracted together by the same person(s) during awork day using the same ot of solid
phase extraction devices and solvents, surrogate solution, and fortifying solutions.
Required QC samples for each extraction batch include: Laboratory Reagent Blank,
Laboratory Fortified Blank, Laboratory Fortified Matrix, and either aField Duplicate or
Laboratory Fortified Matrix Duplicate.

FIELD DUPLICATES (FD1 and FD2) -- Two separate samples collected at the same
time and place under identica circumstances, and treated exactly the same throughout
field and laboratory procedures. Andyses of FD1 and FD2 give a measure of the
precison associated with sample collection, preservation, and storage, aswell aswith
laboratory procedures.

INTERNAL STANDARD (IS) -- A pure analyte(s) added to a sample, extract, or
standard solution in known amount(s) and used to measure the relative responses of other
method analytes and surrogeates that are components of the same solution. The interna
sandard must be an analyte that is not a sample component.

LABORATORY FORTIFIED BLANK (LFB) -- An diquot of reagent water or other
blank matrix to which known quantities of the method anaytes are added in the
laboratory. The LFB isandyzed exactly like a sample, including the use of sample
preservatives, and its purpose is to determine whether the methodology isin control, and
whether the laboratory is capable of making accurate and precise measurements.

LABORATORY FORTIFIED SAMPLE MATRIX (LFM) -- An diquot of an environ-
mental sample to which known quantities of the method andytes are added in the
laboratory. The LFM isandyzed exactly like a sample, and its purposeisto determine
whether the sample matrix contributes bias to the anaytical results. The background
concentrations of the anadytes in the sample matrix must be determined in a separate
aiquot and the measured vauesin the LFM corrected for background concentrations.

LABORATORY FORTIFIED SAMPLE MATRIX DUPLICATE (LFMD) -- A second
aiquot of the Field Sample, or duplicate Field Sample, that is used to prepare the LFM.
The LFMD isfortified, extracted and analyzed identicaly to the LFM. The LFMD is
used instead of the Laboratory Duplicate to assess method precision when the occurrence
of target analytes are low.
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3.10

311

3.12

3.13

3.14

3.15

3.16

3.17

LABORATORY REAGENT BLANK (LRB) -- An aliquot of reagent water or other
blank matrix that is trested exactly as a sample including exposure to al glassware,
equipment, solvents, reagents, internal standards, and surrogates, and sample
preservatives that are used with other samples. The LRB is used to determine if method
andytes or other interferences are present in the laboratory environment, the reagents, or
the apparatus.

MATERIAL SAFETY DATA SHEET (MSDS) -- Written information provided by
vendors concerning a chemicd’ stoxicity, hedth hazards, physical properties, fire, and
reectivity data including storage, spill, and handling precautions.

METHOD DETECTION LIMIT (MDL) -- The minimum concentretion of an anayte that
can be identified, measured and reported with 99% confidence that the andyte
concentration is greater than zero. Thisisadatigtica determination (Section 9.2.4), and
accurate quantitation is not expected a thislevel. @

MINIMUM REPORTING LEVEL (MRL) -- The minimum concentration that can be
reported as a quantitated vaue for atarget andyte in asample following andyss. This
defined concentration can be no lower than the concentration of the lowest calibration
standard for that anayte, and can only be used if acceptable qudity control criteriafor the
andyte at this concentration are met.

PEAK TAILING FACTOR (PTF) -- A cdculated value that indicates the amount of
peek tailing exhibited by a chromatographic pesk. The valueis caculated by dividing the
pesk width of the back haf of the peak (at 10% pesk height), by the pesk width of the
front haf of the peak (at 10% pesk height). The caculation is demondrated in Figure 4.

PRIMARY DILUTION STANDARD SOLUTION (PDS) -- A solution of severd
anaytes prepared in the laboratory from stock standard solutions and diluted as needed to
prepare cdibration solutions and other needed andyte solutions.

QUALITY CONTROL SAMPLE (QCS) -- A solution of method anaytes of known
concentrations that is obtained from a source externa to the |aboratory and different from
the source of calibration standards. It is used to check laboratory performance with
externdly prepared test materials.

STOCK STANDARD SOLUTION (SSS) -- A concentrated solution containing one or

more method analytes prepared in the laboratory using assayed reference materials or
purchased from a reputable commercia source.
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3.18 SURROGATE ANALYTE (SUR) -- A pure analyte, which is extremely unlikely to be

found in any sample, and which is added to a sample aiquot in aknown amount before
extraction or other processing, and is measured with the same procedures used to
measure other sample components. The purpose of the SUR isto monitor method
performance with each sample.

INTERFERENCES

4.1

4.2

4.3

4.4

4.5

During andys's, mgor contaminant sources are reagents and SPE devices. Andyses of
laboratory reagent blanks provide information about the presence of contaminants. Solid
phase extraction devices described in this method have two potential sources of
contamination, both the solid phase sorbent and the polypropylene cartridge thet it is
packed in. Brands and manufacturers lot numbers of these devices should be monitored
and tracked to ensure that contamination will not preclude andyte identification and
quantitation.

I nterfering contamination may occur when a sample containing low concentrations of
compounds is andyzed immediately after a sample containing reaively high
concentrations of compounds. Syringes and splitlessinjection port liners must be cleaned
carefully or replaced as needed. After andlysis of a sample containing high concentrations
of compounds, alaboratory reagent blank should be andyzed to ensure that accurate
vaues are obtained for the next sample.

Silicone compounds may be leached from autosampler vid septa by methylene chloride.
This contamination of the extract will be enhanced if particles of the septa are introduced
into standards and sample extracts by the needle used for injection. These silicone
compounds should, in most cases, have no effect on the andysis. However, the analyst
should be aware of this potentia problem.

Airborne phenol may be a source of phenol contamination in samples and sample extracts.
Samples should not be stored or extracted in areas where phenol is used for other
laboratory operations.

2,3,4,5-Tetrachlorophenal is used as one of the internal standards for the quantitation of
reactive and thermdly labile phenols. Tetrachlorophenol isomers may be present at low
levels (less than 4% totd tetrachlorophenol) in pentachlorophenol used as a pesticide and
wood preservative. However, occurrence of pentachlorophenol in U.S. drinking watersis
rare, and measured concentrations are typically 1 :g/L or less. If amatrix interference
with the internal standard is suspected, an dternate interna standard may be sdlected.
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SAFETY

5.1

5.2

Thetoxicity or carcinogenicity of chemicas used in this method has not been precisdly
defined; each chemical should be treated as a potentia hedlth hazard, and exposure to
these chemicals should be minimized. Each laboratory is responsible for maintaining
awareness of OSHA regulations regarding safe handling of chemicas used in this method.
Each laboratory should maintain afile of applicable MSDSs. Additiond referencesto
laboratory safety are cited (2-4).

Some method andytes and solvents, including 2,4,6-trichlorophenol, pentachloro- phenal,
and methylene chloride have been classified as known or sugpected human or mammalian
carcinogens. Pure standard materias and stock standard solutions of these compounds
should be handled with suitable protection to skin, eyes, etc.

EQUIPMENT AND SUPPLIES (All specifications are suggested. References to specific
brands or catalog numbers are included for illustration only.)

6.1

6.2

6.3

6.4

6.5

6.6

6.7

GLASSWARE -- All glassware must be meticuloudy cleaned. Thismay be
accomplished by washing with detergent and water, ringng with water, distilled water, or
solvents, ar-drying, and heeting (where gppropriate) in amuffle furnace. Volumetric
glassware should never be heated to the temperatures obtained in a muffle furnace.

SAMPLE CONTAINERS-- 1 L or 1 gt amber glass bottles fitted with
polytetrafluoroethylene (PTFE) lined polypropylene screw cagps. Amber bottles are highly
recommended since some of the method andytes are senditive to light and may degrade
upon exposure. Clear glass bottles may be used if they are wragpped in fail, or samples
are gored in boxes that prevent exposure to light.  Although specific contamination
problems from bottle caps were not observed during method devel opment, phenalic resin
bottle caps should be avoided.

VOLUMETRIC FLASKS -- various Sizes.

LABORATORY OR ASPIRATOR VACUUM SY STEM -- Sufficient capacity to
maintain avacuum of gpproximately 25 cm (10 in.) of mercury.

MICRO SYRINGES -- various sizes.

VIALS-- Various Szes of amber vidswith PTFE lined screw caps for storing standard
solutions and extracts.

DRYING COLUMN -- The drying tube should contain about 5 to 7 grams of anhydrous
sodium sulfate to remove resdua water from the extract. Any small tube may be used,
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6.8

6.9

6.10

such as asyringe barrdl, a glass dropper, etc. aslong as no particulate sodium sulfate
passes through the column into the extract.

ANALYTICAL BALANCE -- Capable of weighing 0.0001 g accurately.

FUSED SILICA CAPILLARY GAS CHROMATOGRAPHY COLUMN -- Any
capillary column that provides adequate resolution, capacity, accuracy, and precision can
be used. Medium polarity, low bleed columns are recommended for use with this method
to provide adequate chromatography and minimize column bleed. Deactivated injection
port liners are highly recommended. During the course of the development of this method,
two columns were used. Although these are both polyphenylmethylsilicone columns, the
exact phaseisdightly different. Information on the exact composition of each phaseis
available from the manufacturers. Mogt of the work was performed with column 1. Any
column which provides andyte separations equivalent to or better than these columns may
be used. Example chromatograms are shown in Figs 1-3. Retention times are presented
inTable 2.

6.9.1. Column1- 30 mx 0.25 mm id fused slica capillary column coated with a 0.25
=m bonded film of polyphenylmethylslicone, (J&W DB-5ms).

6.9.2 Column2- 30 m x 0.25 mm id fused silica capillary column coated with a 0.25
-m bonded film of polyphenylmethylslicone, (SGE BPX5).

GAS CHROMATOGRAPH/MASS SPECTROMETER/DATA SY STEM
(GCIMS/DS)--

6.10.1 The GC must be capable of temperature programming and should be equipped
for glit/splitlessinjection. Theinjection syssem must not alow the andytes to
contact hot stainless stedl or other meta surfaces that promote decomposition.
Other injection techniques such as temperature programmed injections, cold on-
column injections and large volume injections may be used if QC criteriain
Section 9 and 10 are met. If an dternate injection technique is performed, the
andys will need to sdlect an instrument configuration which has been specificaly
designed for that gpplication. Performance datain Section 17 include data
obtained both by hot, splitless injection and temperature programmed splitless
injection.

6.10.2 The GC/MS interface should dlow the capillary column or transfer line exit to be

placed within afew mm of theion source. Other interfaces, for example the
open split interface, are acceptable if the system has adequate sengtivity.
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6.10.3 The mass pectrometer must be cgpable of dectron ionization a a nomind
electron energy of 70 eV to produce positiveions. The spectrometer must be
cgpable of scanning at a minimum from 45 to 450 amu with a complete scan
cycletime (including scan overhead) of 1.0 sec or less. (Scan cycletime = tota
MS data acquisition time in sec divided by number of scansin the
chromatogram). The spectrometer must produce a mass spectrum that meets al
criteriain Table 3 when an injection of goproximatdy 5 ng of DFTPPis
introduced into the GC. A single spectrum at the apex of the chromatographic
peak, or an average of the three spectra at the apex of the peak, or an average
gpectrum across the entire GC peak may be used to eva uate the performance of
the syslem. Background subtraction is permitted. The scan time must be set so
that al anaytes have a minimum of 5 scans across the chromatographic peak.
Seven to ten scans across chromatographic peaks are recommended.

6.10.4 Aninterfaced data system is required to acquire, store, reduce, and output mass
gpectral data. The computer software should have the capability of processing
gored GC/MS data by recognizing a GC peak within any given retention time
window. The software must also dlow integration of the ion abundance of any
gpecific ion between specified time or scan number limits, calculation of response
factors as defined in Sect. 10.2.5 or congtruction of alinear regression
cdibration curve, and caculation of andyte concentrations.

6.11 VACUUM MANIFOLD -- A vacuum manifold (Supelco # 57030 and #57275) is
required for processing samples through the extraction/elution procedure. An autometic
or robotic sample preparation system designed for use with solid phase extraction
cartridges may be utilized in this method if al qudity control requirements discussed in
Sect. 9 aemet. Automated systems may use either vacuum or positive pressure to
process samples and solvents through the cartridge. Al extraction and e ution steps must
be the same as in the manua procedure. Extraction and/or eution steps may not be
changed or omitted to accommodate the use of an automated system.

REAGENTSAND STANDARDS

7.1 HELIUM -- carier gas, purity as recommended by the GC/MS manufacturer.

7.2 SOLID PHASE EXTRACTION CARTRIDGES -- Varian Bond Elut PPL or equivaent.
Cartridges are inert non-leaching plastic, for example polypropylene, or glass, and must
not contain pladticizers that leach into the methylene chloride euant and prevent the
identification and quantitation of method andytes. The polypropylene cartridges (6 mL
volume) are packed with 0.5 g highly cross-linked, and chemicaly modified styrene divinyl
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7.3

74

7.5

7.6

1.7

benzene copolymer. The packing must have a narrow size distribution and must not leach
interfering organic compounds into the euting solvent.

SOLVENTS --

7.3.1 Methylene chloride, acetone, and methanol. High purity pesticide quality or
equivaent.

7.3.2 Reagent water. Water in which an interference is not observed at >1/3 the MRL
of any of the compounds of interest. Prepare reagent water by passing tap water
through afilter bed containing about 0.5 kg of activated carbon or by using a
water purification sysem. Store in clean, narrow-mouth bottles with PTFE lined
Septa and screw caps.

HYDROCHLORIC ACID -- 6 N and 0.05 N.

SODIUM SULFATE, ANHYDROUS -- (Soxhlet extracted with methylene chloride for
aminimum of 4 h or heeted to 400°C for 2 h in amuffle furnace.)

STOCK STANDARD SOLUTIONS -- Individua solutions of surrogates, interna
sandards, and andytes, or mixtures of andytes, may be purchased from commercid
suppliers or prepared from pure materias. To prepare stocks from neat materids, add 10
mg (weighed on an andytica baance to within 0.1 mg) of the pure materid to 1.9 mL of
methanol, methylene chloride, or acetone in a2 mL volumetric flask, dilute to the mark,
and transfer the solution to an amber glass vid. The solvent to be used is dependent upon
thefind use of the standard. In generd, cdlibration standards and internal standards are
prepared in methylene chloride, sample fortification solutions are prepared in methanol or
acetone. Follow any specific ingructions for each standard or standard mixture. If
compound purity is confirmed by the supplier at >96%, the weighed amount can be used
without correction to caculate the concentration of the solution (5 :¢/:L). Storethe
amber vidsat 0°C or less.

PRIMARY DILUTION STANDARD SOLUTION -- The stock standard solutions are
used to prepare a primary dilution standard solution that contains multiple method anaytes
in methylene chloride. Aliquots of each of the stock standard solutions are combined to
produce the primary dilution in which the concentration of the analytesis a least equd to
the concentration of the most concentrated cdibration solution, that is, 15 ng/:L. Store
the primary dilution standard solution in an amber vid a 0°C or less, and check regularly
for sgns of degradation or evaporation, especidly just before preparing cdibration
solutions.  Mixtures of method andytes to be used as primary dilution sandards may adso
be purchased from commercid suppliers.
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7.8

7.9

CALIBRATION SOLUTIONS (CAL1 through CAL7) -- Prepare a series of seven
cdibration solutions in methylene chloride which contain andytes of interest at suggested
concentrations of 15,10, 5, 2, 1, 0.5, and 0.1 ng/ - L, with a constant concentration of
each internd standard in each CAL solution (2-5 ng/ - L isrecommended). Surrogate
analytes are aso added to each CAL solution, and may be added at a constant
concentration or varied concentrations (Smilar to those for method andytes), at the
discretion of the analyst. CAL 1 through CAL7 are prepared by combining appropriate
diquots of aprimary dilution standard solution (Sect. 7.7) and the fortification solution of
internal standards and surrogates (Sect. 7.10). All calibration solutions should contain at
least 80% methylene chloride to avoid gas chromatographic problems due to mixed
solvents. Store these solutions in amber vids a 0°C or less. Check these solutions
regularly for sgns of evaporation and/or  degradation.

NOTE: Becausethe MS sengtivity to analytes 9-12 (Table 2) isSgnificantly lessthan
compounds 1-8, it may be more convenient to prepare cdibration solutionsin which the
concentrations of andytes 9-12 (Table 2) are higher than the concentrations of analytes 1-
8. Useof thisoption isat the discretion of the andyst. Calibration requirements are
specified in Sect. 10.

INTERNAL STANDARD SOLUTION(S) -- This method uses two interna standards:
1,2-dimethyl-3-nitrobenzene (1S#1) and 2,3,4,5-tetrachlorophenol (1IS#2). Thefirst
interna standard, 1,2-dimethyl-3-nitrobenzene is used to monitor instrument sengtivity and
is used to quantify analytes 1-8 in Table 2. The second internal standard, 2,3,4,5-
tetrachlorophenol is used to quantify analytes 9-12 (Table 2). 1S#2 was sdected for its
chemicd similarity to these compounds which are susceptible to adsorption and/or thermal
decompogtioninthe GCinlet. A full explanation of the use of 2,3,4,5-tetrachlorophenol
to quantify these compounds is given in Section 13. If cold, on-column or temperature
programmed injection techniques are used, acceptable performance may be obtained
using only oneinterna standard (1S#1).

7.9.1  1,2-Dimethyl-3-nitrobenzene (Aldrich) -- 100 :g/mL in methylene chloride.
Use 25 :L of thissolution per 1 mL of sample extract for afina concentration of
25 :gmL.

7.9.2 2345 Tetrachlorophenol (Chem ServiceInc.) -- 200 :g/mL in methylene
chloride. Use 25 :L of thissolution per 1 mL of sample extract for afind
concentration of 5 -g/mL.

7.9.3 Theinternd sandard solutions listed above can be made individually or together
in one solution.
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7.10 SAMPLE FORTIFICATION SOLUTIONS --

7.10.1

7.10.2

Surrogate fortification solutions --

7.10.1.1. 2-Chlorophenol-3,4,5,6-d, (Chem ServiceInc.) -- 100 :g/mL in
methanol. Use 20 :L of thissolution per 1 L of water sample for a
final concentration of 2 -g/L.

7.10.1.2 2,4-Dimethylphenol-3,5,6-d; (CDN Isotopes) -- 100 :g/mL in
acetone. Use 20 :L of thissolution per 1 L of water samplefor a
final concentration of 2 -g/L.

7.10.1.3 2,4,6-Tribromophenol -- 200 :g/mL in methanol. Use 25 :L of this
solution per 1 L water sample for afind concentration of 5 :g/L.

Andyte fortification solution(s). This solution contains al method andytes of
interest in methanol. These solutions are used to fortify LFBs and LFMs with
method andytes. It isrecommended that more than one concentration of this
solution be prepared. During the method development, two solutions were used.
One containing 100 -g/mL of each andyte, was used for higher concentration
fortifications, and the other containing10 : g/mL of each anayte in methanol was
used for lower leve fortifications.

NOTE: Becausethe MS sengtivity to andytes 9-12 (Table 2) is Sgnificantly
less than analytes 1-8, it may be more convenient to prepare anayte fortification
solutions in which the concentrations of anaytes 9-12 are higher than the
concentrations of andytes 1-8. Use of thisoption is at the discretion of the
andyd.

7.11 GC/MSTUNE CHECK SOLUTION -- Decafluorotriphenylphosphine (DFTPP), 5
:g/mL in methylene chloride. Store this solution in an amber vid at 0°C or less.

7.12 SODIUM SULFITE, ANHYDROUS -- Reducing agent used to reduce residua chlorine
a the time of sample collection.

SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 SAMPLE COLLECTION -- When sampling from awater tap, open the tap and alow
the system to flush until the water temperature has Sabilized (usudly about 2 min). Adjust
the flow to about 500 mL/min and collect samples from the flowing stream. The sample
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8.2

8.3

8.4

should nearly fill the 1 L or 1 qt bottle, but does not need to be headspace free. Keep
samples sedled from collection time until analysis. When sampling from an open body of
water, fill the sample container with water from arepresentative area. Sampling
equipment, including automatic samplers, must be free of plagtic tubing, gaskets, and other
parts that may leach interfering andytesinto the water sample.

SAMPLE DECHLORINATION AND PRESERVATION -- All samples must be
dechlorinated and acidified a the time of collection. Resdua chlorineisreduced by
addition of 40-50 mg of sodium sulfite. It may be added as a solid to the sample bottles
before the bottles are transported to the field. 1t isvery important that the sample be
dechlorinated prior to acidification. Wait until sodium sulfite is dissolved before
acidification. Adding sodium sulfite and HCl (together) to the sample bottles prior to
shipping bottles to the sampling Ste is not permitted. After dechlorination, samples are
acidified to less than pH 2 with 6 N hydrochloric acid. The acid serves as achemica and
biologicd presaervative. ThispH isthe samethat is used in the sample extraction, and is
required to support the recovery of several method andytes.

SAMPLE TRANSPORT AND STORAGE -- All samples should beiced during
shipment and must not exceed 10° C during the first 48 hours. Samples should be
confirmed to be at or below 10° C when they are received at the laboratory. Samples
gtored in the lab must be held at or below 6° C until extraction, but should not be frozen.

HOLDING TIME -- Results of holding time studies of al method andytes showed that all
compounds are sable for 14 days in water samples when the samples are dechlorinated,
preserved, and stored as described in Sect. 8.2 and 8.3. Therefore, samples must be
extracted within 14 days of collection. Sample extracts may be stored at 0°C or lessfor
up to 30 days after sample extraction. Datafrom holding time studies are shown in Tables
7 and 8.

QUALITY CONTROL

9.1

Qudity control (QC) requirementsinclude: the initia demondtration of |aboratory
cagpability (summarized in Table 9) followed by regular andlyses of continuing cdlibration
checks, laboratory performance check standards, |aboratory reagent blanks, laboratory
fortified blanks, and laboratory fortified matrix samples. An MDL must be determined for
each analyte of interest. These criteria are considered the minimum acceptable QC
criteria, and laboratories are encouraged to ingtitute additiona QC practices to meet thelr
specific needs. The laboratory must maintain records to document the qudity of the data
generated. A complete summary of QC requirementsis summarized in Table 10.
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9.2

INITIAL DEMONSTRATION OF CAPABILITY (IDC) -- Requirements for theinitial
demondtration of |aboratory capability are described in the following sections and
summarized in Table 9.

921

9.2.2

9.2.3

INITIAL DEMONSTRATION OF LOW CARTRIDGE EXTRACTION
BACKGROUND AND SYSTEM BACKGROUND -- Before any samples
are analyzed, or any time anew supply of solid phase extraction cartridges is
received from asupplier, it must be demonstrated that a laboratory reagent blank
(LRB) is reasonably free of any contamination that would prevent the
determination of any anayte of concern.

9.21.1 A sourceof potentid contamination is the solid phase extraction
cartridge which may contain phthaate esters, silicon compounds, and
other contaminants that could interfere with the determination of
method andytes. Although extraction cartridges are generdly made
of inert maerids, they may gill contain extractable organic materid.
If the background contamination is sufficient to prevent accurate and
precise measurements, the condition must be corrected before
proceeding with the initial demondiration.

9.21.2  Other sources of background contamination are solvents, reagents,
and glassware. Background contamination must be reduced to an
acceptable level before proceeding with the next section.
Background from method analytes and interferences should be # 1/3
the MRL.

INITIAL DEMONSTRATION OF PRECISION (IDP) -- Prepare 4-7
replicate LFBsfortified at 5-10 :g/L, or other mid-range concentration. Sample
preservatives described in Sect. 8.2 must be added to these samples. Extract
and andyze these replicates according to the procedure described in Section 11.
The relative sandard deviation (RSD) of the results of the replicate andyses
must be less than or equal to 20% for al method ana ytes with the exception of
phenol. The RSD for replicate andyses for phenol must be less than or equa to
30%.

INITIAL DEMONSTRATION OF ACCURACY (IDA) -- Using the same
st of replicate data generated for Section 9.2.2, calculate average recovery.
The average recovery of the replicate values must be within 70-130% of the true
vaue, except for phenol. Phenol will typicaly be recovered less effectively than
other method analytes. Because of its higher water solubility some breakthrough
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9.3

94

9.24

9.25

from the extraction cartridge does occur. The recovery limitsfor phenol are 50-150%.

MDL DETERMINATION -- Replicate anayses for this procedure should be
done over at least 3 days (both the sample extraction and the GC analyses
should be done over a least 3 days). Prepare at least 7 replicate LFBs at a
concentration estimated to be near the MDL. This concentration may be
estimated by sdecting a concentration at 2-5 times the noise leve.
Concentrations shown in the example datain Table 1 may be used as a guide,
however the appropriate concentration will be dependent upon the injection
technique and the sengtivity of the GC/MS system used. Sample preservatives
described in Sect. 8.2 must be added to these samples. Analyze the seven
replicates through dl steps of Section 11. Caculate the MDL using the following
equeation:

MDL =S ,_1 1- apha = 099)

where:

tin-11- dpha=099) = Sudent'st vaue for the 99% confidence level with n-1
degrees of freedom

n = number of replicates

S = gtandard deviation of replicate anayses.

NOTE: Do not subtract blank values when performing MDL cdculations.

The andy4t is permitted to modify GC columns, GC conditions, extract
evaporation techniques, interna standards or surrogate compounds. Each time
such method modifications are made, the analyst must repesat the proceduresin
Sect. 9.2.1 through 9.2.4.

MINIMUM REPORTING LEVEL (MRL) -- The MRL isthe threshold concentration of
an analyte that a laboratory can expect to accurately quantitate in an unknown sample.
The MRL should be established at an andyte concentration either greater than three times
the MDL or a a concentration which would yield a response greater than a signal-to-
noiseratio of five. Although the lowest calibration standard for an analyte may be
below the MRL, the MRL for an analyte must never be established at a
concentration lower than the lowest calibration standard for that analyte.

LABORATORY REAGENT BLANKS (LRB) -- With each extraction batch, anayze a
laboratory reagent blank to determine the background system contamination. If, within the
retention time window of any anayte, the LRB produces a pesk that would prevent the
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9.5

9.6

9.7

9.8

9.9

determination of that andyte, determine the source of contamination and eiminate the
interference before processing samples. Background contamination must be reduced to
an acceptable level before proceeding. Background from method anaytes or
contaminants that interfere with the measurement of method anadyses should be # 1/3 the
MRL. Any time anew batch of SPE cartridgesis received, or new supplies of other
reagents are used, repeat the demonstration of low background described in Sect. 9.2.1.

CONTINUING CALIBRATION CHECK (CCC) -- This cdibration check is required
at the beginning of each day that samples are andyzed, after every ten fidd samples, and
at the end of any group of sample analyses. See Sect.10.3 for concentration requirements
and acceptance criteria

MS TUNE CHECK -- This performance check condsts of verifying the MS tune using
the mass spectrum of DFTPP. A complete description of the check isin Sect. 10.2.1.
This check must be performed each time amgor change is made to the mass
gpectrometer, and each time andyte cdibration is performed (i.e. average RFs are
caculated, or first or second order calibration curves are developed).

PEAK TAILING FACTOR (PTF) -- This check conssts of caculating the PTF as
described in Sect. 10.2.3.1. and in Figure 4. This check must be performed once every
24 hr of instrument operetion.

LABORATORY FORTIFED BLANK (LFB) -- With each extraction batch, extract
and andyze an LFB containing each andyte of concern. If more than 20 fidld samples are
included in abatch, andyze aLFB for every 20 samples. The fortified concentration of
the LFB should be rotated between low, medium, and high concentrations from day to
day. Thelow concentration LFB must be as near as practica to the MRL. Results of
LFB analyses corresponding to the lowest CAL point for an anadyte must be 50-150% of
the true vdue for dl andytes Reaults of LFB andyss from medium and high level
concentrations must be 70-130% of the true value for dl anaytes except phenol. The
acceptance limit for phenal is 50-150% of the true value.

INTERNAL STANDARD (1S) --The andyst must monitor the peek area of the 1,2-
dimethyl-3-nitrobenzene (IS#1) in dl injections during eech andysisday. The IS#1
response (peak area) in any chromatographic run should not deviate from the responsein
the most recent CCC by more than 30%, and must not deviate by more than 50% from
the area measured during initid analyte cdibration. If the IS#1 areain a chromatographic
run does not meet these criteriainject a second diquot of that extract.
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9.10

911

NOTE: The pesk area of 2,3,4,5-tetrachlorophenol may not be consstent. It may vary
depending upon the composition of the extract or standard being andyzed. See Section
13.2.1 for a detailed explanation.

9.9.1 If therenjected diquot produces an acceptable internal standard response,
report results for that aiquot.

9.9.2 If adevidaion of greater than 30% is obtained for the reinjected extract, when
compared to the most recent CCC, the andyst should check the calibration by
reanalyzing the most recently acceptable calibration standard. If the calibration
gtandard fails the criteria of Section 10.3.3, recdibration isin order per Section
10. If the calibration standard is acceptable, extraction of the sample may need
to be repested provided the sampleis till within the holding time. Otherwise,
report results obtained from the reinjected extract, but annotate as suspect.

SURROGATE RECOVERY -- The surrogate standards are fortified into al calibration
standards, samples, LFBs, LFMs, FDs, FRBs and LRBs. The surrogate is a means of
assessing method performance from extraction to find chromatographic measurement.

9.10.1 Surrogate recovery criteriaare 70-130% of the fortified amount for 2-
chlorophenal-3,4,5,6-d, and 2,4-dimethylphenol-3,5,6-d;. The criteriafor
2,4,6-tribromophenal is 60-130% of the fortified amount. When surrogate
recovery from asample, blank, or CCC does not meet these criteria, check (1)
caculationsto locate possible errors, (2) standard solutions for degradation, (3)
contamination, and (4) insgrument performance. Correct any problemsthat are
identified. 1f these steps do not reved the cause of the problem, reandyze the
extract.

9.10.2 If the extract reandyss meets the surrogate recovery criterion, report only data
for the reandyzed extract.

9.10.3 If the extract reandysisfails the recovery criterion, the andyst should check the
cdibration by reandyzing the most recently acceptable calibration sandard. If
the calibration standard fails the criteria of Section 10.3.3, recdibration isin
order per Section 10. If the cdibration standard is acceptable, it may be
necessary to extract another diquot of sample if sample holding time has not
been exceeded. If the sample reextract o fails the recovery criterion, report dl
datafor that sample as suspect.

LABORATORY FORTIFIED SAMPLE MATRIX (LFM) -- Determine that the sample
matrix does not contain materials that adversely affect method performance. Thisis
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accomplished by analyzing replicates of |aboratory fortified matrix samples and
ascertaining that the precison, accuracy, and method detection limits of analytes are in the
same range as obtained with laboratory fortified blanks. If avariety of different sample
matrices are analyzed regularly, for example, drinking water from groundwater and
surface water sources, matrix independence should be established for each. Over time,
LFM data should be documented for dl routine sample sources for the laboratory. A
laboratory fortified sample matrix should be extracted and andyzed for each extraction
batch. 1f more than 20 samples are processed in a batch, extract and anadyze aLFM for
every 20 samples. If the recovery datafor an LFM does not meet the recovery criteriain
Sect. 9.8, and LFBs show the laboratory to bein control , then the samples from that
matrix (sample location) are documented as suspect due to matrix effects.

9.11.1 Within each extraction batch, a minimum of onefidd sampleisfortified asa
LFM for every 20 samples andyzed. The LFM is prepared by spiking asample
with an gppropriate amount of the fortification solution. The concentrations 5,
10, and 15 :g/L are suggested spiking concentrations. Select the spiking
concentration that is closest to, and at least twice the matrix background
concentration. Use historical data or rotate through the designated
concentrations to select afortifying concentration. Selecting a duplicate bottle of
asample that has aready been andyzed, aidsin the sdlection of gppropriate
spiking levels

9.11.2 Cdculatethe percent recovery (R) for each andyte, after correcting the
measured fortified sample concentration, A, for the background concentration,
B, measured in the unfortified sample, i.e,

R=Lc37.*mo

where C isthe fortified concentration. Compare these values to control
limitsfor LFBs (Sect. 9.8).

9.11.3 Recoveriesmay exhibit amatrix dependence. For samplesfortified a or above
their native concentration, recoveries should range between 70 and 130%, for dl
method analytes except phenol which should be recovered a 50-150%. If the
accuracy of any andyte fdls outside the designated range, and the [aboratory
performance for that analyte is shown to be in control, the accuracy problem
encountered with the fortified sample is judged to be matrix related, not system
related. The result for that andyte in the unfortified sampleislabeled
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suspect/matrix to inform the data user that the results are suspect due to matrix
effects.

NOTE: Matrix effects are expected to be more likely with compounds 9-12
(Table 2) than other method andytes.

9.12 FELD DUPLICATES (FD) -- Within each extraction batch, aminimum of onefied
sample should be andyzed in duplicate. Duplicate sample anadyses serve as a check on
sampling and laboratory precison. If analytes are not routindy observed in field samples,
duplicate LFMDs should be andyzed to subgtitute for this requirement.

9.12.1 Cdculate the relative percent difference (RPD) for duplicate measurements
(FD1 and FD2) as shown below.

_ _FDI-FD? 0
(FDI+FD2)/2

9.12.2 Réddtive percent differences for laboratory duplicates and LFMDs should fal in
the range of + 30 %.

NOTE: Greater variability may be observed for target anadytes with
concentrations at the low end of the calibration range.

9.13 QUALITY CONTROL SAMPLE (QCS) -- Each time that new standards are prepared,
andyze a QCS from an externd source. If sandards are prepared infrequently, andyze a
QCSat least quarterly. The QCS may be injected as a calibration standard, or fortified
into reagent water and andyzed asan LFB. If the QCSis andyzed as a calibration check
standard, then the acceptance criteria are the same as for the CCC (Sect. 10.3.3). If the
QCSisandyzed as a LFB, then the acceptance criteria are the same as for an LFB (Sect.
9.8). If measured anadyte concentrations are not of acceptable accuracy, check the entire
analytica procedure to locate and correct the problem.

10. CALIBRATION AND STANDARDIZATION

10.1 Demonstration and documentation of acceptable mass spectrometer tune and initia
cdibration is required before any samples are andyzed. After initid cdibration is
successful, a continuing caibration check is required at the beginning and end of each
period in which andyses are performed, and after every tenth sample. Verification of
mass spectrometer tune must be repesated each time a mgor instrument modification or
maintenance is performed, and prior to analyte cdibration. A pesk tailing factor check is
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required every day that samples are analyzed. In periods of continuous operation, the
peek tailing factor must be performed every 24 hr.

10.2 Initid cdibration

10.2.1

10.2.2

MS TUNE -- Cdlibrate the mass and abundance scaes of the MSwith
calibration compounds and procedures prescribed by the manufacturer with any
modifications necessary to meet tuning requirements. Inject 5 ng or less of
DFTPP solution into the GC/MS system.  Acquire a mass spectrum that
includes data for m/z 45-450. If the DFTPP mass spectrum does not meet dl
criteriain Table 3, the MS must be retuned and adjusted to meet dl criteria
before proceeding with calibration. A single spectrum at the gpex of the
chromatographic peak, or an average of the three spectra at the apex of the
peak, or an average spectrum across the entire GC peak may be used to
evauate the performance of the system. Background subtraction is permitted.
The tune check may be performed as a separate andysis, or for routine MS tune
verification, DFTPP may be added to one or more of the CAL standards used
for cdibration verification, S0 that the tune check and calibration verification can
be performed in agngle andyss. DFTPP eutes shortly after pentachlorophenol
on both of the columns cited in Sect.6.9.

ANALYTE CALIBRATION -- Inject an aliquot of a medium concentration
cdibration solution. For example, 2-10 -g/mL, and acquire and store data from
m/z 45-350 with atota cycle time (including scan overhead time) of 1.0 sec or
less. Cycletime must be adjusted to measure a least five or more scans during
the elution of each GC peak. Seven to ten scans across each GC pesk are
recommended.

Chromatographic conditions used during method development are outlined
below. These conditions were found to work well on the instrumentation used.
Since some of the method analytes are vulnerable to active sSites and therma
decomposition, optimum chromatographic conditions may vary with individud
indrument design. Although the following conditions are recommended, GC
conditions may be modified, if dl performance criteriain Sections 9 and 10 are
met.

10.2.2.1 Thefollowing parameters are suggested GC conditions for hat,
gplitlessinjection: injector temperature 200° C, carrier gas head
pressure 12-15 ps. Inject at an oven temperature of 35° C and hold
in splitless mode for 0.2 min. After 6 min, temperature program the
GC oven at 8° C per minto 250° C. Start data acquisition at
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10.2.3

10.2.4

10.2.2.2

goproximatey 10 min. Example chromatograms are shown in
Figures1 and 2.

The following parameters are suggested injection conditions for
temperature programmed splitlessinjection. Inject with the injector
temperature a 25° C, program the injector at 200° C per min to
200° C. Hold in the splitless mode for 1.0 min. Usethe same
column temperature program as listed in Sect. 10.2.2.1. An
example chromatogram is shown in Figure 3.

Performance criteriafor the calibration sandards. Examine the ssored GC/MS
data with the data system software.

10.2.3.1

10.2.3.2

PEAK TAILING FACTOR (PTF) -- Pesk tailing can be a
problem associated with phenols. The phenols most likely to tail are
those with low acidity congtants. 2,4-dinitrophenol, 4-nitro-phenal,
pentachlorophenol and 2-methyl-4,6-dinitrophenol. These
compounds must exhibit a peek tailing factor of 5or lessat a
concentration equivaent to 5-10 -g/L in awater sample (5-10
zg/mL in an extract or cdibration standard). For example peak
talling factor caculations, see Fig.4. Pesk talling factors must be
evauated for the four analytes listed above each day that samples
areandyzed. In periods of continuous insrument operation, verify
acceptable PTFs every 24 hr. Peak tailing factors may be evaluated
in either a CAL standard, LFB or LFM.

The GC/MS/DS pesk identification software should be able to
recognize a GC peak in the gppropriate retention time window for
each of the compounds in the calibration solution, and make correct
identifications (Sect. 11.5).

If dl performance criteria are met, inject an diquot of an gppropriate volume
(usudly 1-2 :L unless alarge volume injector is used) of each of the other CAL
solutions using the same GC/M'S conditions.

10.24.1

Some GC/MS systems may not be senditive enough to detect some
of the andytes in the two lowest concentration CAL solutions (0.1
and 0.5 :g/mL). If thisisthe casg, it is acceptable to calibrate using
the remaining (higher concentration) points, aslong asaminimum of
5 cdibration points are used to generate the calibration curve or
average response factor (RF) for each andyte. In addition, some
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10.2.5

10.2.6

10.2.7

GC/MS sysems might reach sgna saturation at the highest
cdibration concentration. If thisisthe case, it is acceptable to drop
the highest point and cdibrate on the remaining points, aslong as a
least 5 cdibration concentrations are used to generate the calibration
curve or average RF for each andyte. Pointsin the middle of the
cdibration range may not be dropped. Data outside of the
established cdibration range should never be reported.

Concentrations may be calculated through the use of average response factor
(RF) or through the use of acdibration curve. Average RF cdlibrations may
only be used if the RF vaues over the cdibration range are rdatively constant
(<30% RSD).

Average RF is determined by caculating the mean RF of each cdibration point,
with aminimum of five cdibration concentrations.

Ax i

e - (A(Q3
(Ais)(Q9)

where:

A, = integrated abundance (peak area) of the quantitation ion of
the andyte.

Ais = integrated abundance (peak area) of the quantitation ion
internal standard.

quantity of andyte injected in ng or concentration units.
quantity of internd standard injected in ng or concentration
units.

Qx
Qis

Asan dternative to caculating average RFs and gpplying the RSD test, use the
GC/MS data system software to generate alinear regression or quadratic
cdibration curve. The anadyst may choose whether or not to force zero, to
obtain acurve that best fits the data. Examples of common GC/MS system
cdibration curve optionsare: 1) A, /Ais vs Q, /Q;s and 2) RF vs A, /A..

Acceptance criteriafor the calibration of each analyte is determined by
caculating the concentration of each andyte and surrogate in each of the
analyses used to generate the calibration curve or average RF. Each calibration
point, except the lowest point, for each andyte must caculate to be 70-130 % of
itstrue value. The lowest point must caculate to be 50-150% of its true vaue.

If this criteria cannot be met, reanadyze the cdibration sandards, or select an
dternate method of cdibration. The data presented in this method were
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obtained using linear regression (RF vs A, /A;). Quadratic fit cdibrations
should be used with caution, because the non-linear area of the curve may not be
reproducible.

10.3 CONTINUING CALIBRATION CHECK (CCC) -- The minimum daily calibration
veification isasfollows. Verify theinitid cdibration a the beginning and end of each
group of analyses, and after every tenth sample during andyses. (In this context, a
“sampl€e’ isconsdered to be afidld sample. LRBs, LFMs, LFBs and CCCs are not
counted as samples.) The beginning CCC each day should be at or near the MRL in
order to verify instrument sengtivity prior to any analyses. If sandards have been
prepared such that dl low CAL points are not in the same CAL solution, it may be
necessary to anadyze two CAL solutions to meet this requirement. Subsequent CCCs can
dternate between a medium and high concentration standard.

10.3.1 Inject an diquot of the appropriate concentration caibration solution and analyze
with the same conditions used during theinitid calibration.

10.3.2 Determine that the absolute areas of the quantitation ions of the internal standard
1,3-dimethyl-2-nitrobenzene has not changed by more than 30% from the areas
measured in the most recent continuing calibration check, or by more than 50%
from the areas measured during initid cdibration. If this area has changed by
more than these amounts, adjustments must be made to restore system
sengtivity. These adjusments may include cleaning of the MSion source, or
other maintenance asindicated in Sect. 10.3.4. Mgor instrument maintenance
requires recdibration. Control charts are useful aids in documenting system

sengtivity changes.

10.3.3 Cadculate the concentration of each anadyte and surrogate in the check standard.
The cdculated amount for each andyte for medium and high level CCCs must be
within 70-130% of the true value. The cdculated amount for the lowest
cdibration point for each andyte must be within 50-150% of the true vdue. If
these conditions do not exist, remedia action should be taken which may require
recdibration. Any field sample extracts that have been andyzed since the last
acceptable caibration verification should be reanalyzed after adequate
cdibration has been restored, with the following exception. If the continuing
calibration check in themiddle or at the end of an analysis batch fails
because the calculated concentration is>130% of thetrue value, and
field sample extracts showed no detection of method analytes, non-
detects may bereported without re-analysis.
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10.3.4 Some possbleremedid actions are listed below. Thislist is not meant to be dl

inclusve. Mgor maintenance such as cleaning an ion source, cleaning
quadrupole rods, replacing filament assemblies, etc. require returning to the initid
calibration step (Sect. 10.2).

10.3.4.1 Check and adjust GC and/or MS operating conditions; check the
MS resolution, and cdibrate the mass scale.

10.3.4.2 Clean or replace the splitlessinjection liner; Slanize anew injection
liner.

10.3.4.3  Hush the GC column with solvent according to manufacturer's
ingructions.

10.3.4.4  Bresk off ashort portion (about 1 meter) of the column from the end
near the injector, or replace GC column. This action will causea
changein retention times.

10.3.45 Preparefresh CAL solutions, and repest the initid calibration step.

10.3.4.6 Cleanthe MSion source and rods (if a quadrupole).

10.3.4.7 Replace any componentsthat alow andytes to come into contact
with hot meta surfaces.

10.3.4.8 Replace the MS dectron multiplier, or any other faulty components.

11. PROCEDURE

111 CARTRIDGE EXTRACTION

1111

11.1.2

This procedure may be performed manudly or in an automated mode (Sect.
6.11) using arobotic or automatic sample preparation device. If an automatic
system is used to prepare samples, follow the manufacturer's operating
ingtructions, but al extraction and dution seps must be the same as in the manud
procedure. Extraction and/or elution steps may not be changed or omitted to
accommodate the use of an automated system.

Mark the leve of the sample on the outside of the sample bottle for later sample

volume determination (Sect. 11.2). Verify that the sampleisa pH 2 or lessand
isfree of resdud chlorine. If thesampleisaLRB or LFB, add sodium sulfite
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11.1.3

11.1.4

11.1.5

and acidify following proceduresin Sect.8.2. Add an diquot of the surrogate
fortification solution(s), and mix immediately until homogeneous. The resulting
concentration of these compounds in the water should be 2-5 :g/L. If the
sampleisaLFB or LFM, add the desired amount of analyte fortification
solution.

CARTRIDGE CLEAN-UP AND CONDITIONING -- Rinse each cartridge
with three, 3 mL aiquots of methylene chloride. Let the cartridge drain dry after
each flush. Then rinse the cartridge with three, 3mL adiquots of methanol, but
DO NOT dlow the methanal to eute below the top of the cartridge packing.
From this point, do not alow the cartridge packing to go dry. Rinse with three,
3mL diquots of 0.05 N hydrochloric acid, but before the dilute acid level drops
below the top edge of the packing, turn off the vacuum. Add gpproximately 3
mL additiona 0.05 N hydrochloric acid to the cartridge, attach the transfer tube,
and turn on the vacuum, and begin adding sample to the cartridge.

Adjust the vacuum so that the gpproximate flow rate is 20 mL/min (50 min for a
1L sample). After dl of the sample has passed through the SPE cartridge, draw
ar or nitrogen through the cartridge for 15-30 min at high vacuum (10-15 in Hg).
The cartridge packing should appear dry (light tan color) before continuing with
the dution steps. It isimportant that the cartridge packing be dry, in order to
obtain good recoveries. The drying time may vary, depending upon the strength
of the vacuum source, and the number of cartridges being processed
smultaneoudy. The color and appearance of the packing isthe most rdligble
indicator of dryness. During the method development, drying for more than 60
minutes was not observed to have any negetive effect upon the sample data.

NOTE: Sampleswith ahigh leve of hardness and/or high TOC may exhibit a
lower flow rate than * cleaner” samples at the same vacuum setting. Thismay be
dueto partia plugging of the solid phase. Fortified sample matrices of these
types showed no loss of method performance.

Rinse the ingde of each sample bottle with 8-10 mL methylene chloride and use
vacuum to pull the solvent through the transfer tube and through the cartridge,
collecting the solvent in a collection tube. Remove the trangfer tubing from the
top of the cartridge. Add 2-3 mL methylene chloride to the top of the cartridge
with a disposable pipette. Pull this solvent through the cartridge at low vacuum,
such that the solvent exits the cartridge in a dropwise fashion. Smal amounts of
resdud water from the sample container and the SPE cartridge may form an
immiscible layer with the duate. Pass the duate through the drying column (Sect.
6.7), which is packed with gpproximately 5 to 7 grams of anhydrous sodium
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11.2

11.3

114

115

sulfate, and collect in aclean collection tube. Wash the sodium sulfate with a
least 2 mL methylene chloride and collect in the same tube. Concentrate the
extract to approximately 0.9 mL in awarm (40°C) water bath under agentle
stream of nitrogen. Do not concentrate the extract to lessthan 0.5 mL, asthis
will result in losses of andytes. Add the interna standards (Sect 7.9). Adjust
find volumeto 1 mL. Make any volume adjusments with methylene chloride.

Fill the sample baottle to the volume mark noted in Sect.11.1.2. with tap water. Transfer
the tap water to a 1000 mL graduated cylinder, and measure the sample volume to the
nearest 10 mL. Record thisvolume for later andyte concentration calculations. Asan
dternative to this process, the sample volume may be determined by the differencein
weight between the full bottle (before extraction) and the empty bottle (after extraction).
Assume a sample dengity of 1.0.

Anayze an diquot of the sample extract with the GC/M S system under the same
conditions used for the initid and continuing cdibrations (Sect. 10.2.2 and 10.3).

At the conclusion of data acquisition, use the same software that was used in the
cdibration procedure to identify peaks in predetermined retention time windows of
interest. Use the data system software to examine the ion abundances of components of
the chromatogram.

Identification of andytes. Identify a sample component by comparison of its mass
spectrum (after background subtraction) to a reference spectrum in the user-created data
base. The GC retention time of the sample component should be within 1-2 sec of the
retention time observed for that same compound in the most recently analyzed continuing
cdibration check standard. 1dedly, the width of the retention time window should be
based upon measurements of actud retention time variations of standards over the course
of aday. Threetimesthe sandard deviation of aretention time can be used to cdculae a
suggested window size for a compound. However, the experience of the andyst should
weigh heavily in the interpretation of the chromatogram.

11.5.1 Ingenerd, dl ionsthat are present above 10% relative abundance in the mass
spectrum of the standard should be present in the mass spectrum of the sample
component and should agree within absolute 20%. For example, if anion hasa
relative abundance of 30% in the standard spectrum, its abundance in the sample
gpectrum should be in the range of 10 to 50%. Someions, particularly the
molecular ion, are of gpecid importance, and should be evaluated even if they
are below 10% relative abundance.

528-26



12.

13.

DATA ANALYSISAND CALCULATIONS

12.1 Complete chromatographic resolution is not necessary for accurate and precise

measurements of anayte concentrationsif unique ions with adequate intendties are
available for quantitation. Identification is hampered when sample components are not
resolved chromatographicaly and produce mass spectra containing the sameions
contributed by more than one andyte. When GC peaks obvioudly represent more than
one sample component (i.e., broadened peak with shoulder(s) or valley between two or
more maxima), appropriate analyte spectra and background spectra can be selected by
examining plots of characterigtic ions for each tentatively identified component. When
andytes codute (i.e., only one GC pesk is gpparent), the identification criteria can be met
but each analyte spectrum will contain extraneous ions contributed by the codluting
compound. In validating this method, concentrations were caculated by measuring the
characterigtic ions listed in Table 2. Other ions may be sdected at the discretion of the
andyd. If the response of any andyte exceeds the calibration range established in Section
10, dilute the extract, add additiond internal standard, and reanalyze. The resulting data
should be documented as a dilution, with an increased MRL.

12.1.1 Cdculate andyte and surrogate concentrations, using the multipoint cdibration
edtablished in Sect. 10. Do not use daily calibration verification datato
quantitate andytesin samples. Adjust find andyte concentrations to reflect the
actua sample volume determined in Section 11.2.

12.1.2 Cdculations should utilize dl available digits of precison, but find reported
concentrations should be rounded to an gppropriate number of significant figures
(one digit of uncertainty). Experience indicates that three Sgnificant figures may
be used for concentrations above 99 :g/L, two sgnificant figuresfor
concentrations between 1.0-99 :g/L, and one sgnificant figure for lower
concentrations.

METHOD PERFORMANCE

13.1 PRECISION, ACCURACY AND MDLs- Single laboratory accuracy and precision

data from both fortified reagent water and fortified matrices using hot, splitlessinjection
arepresented in Tables4 and 5. Table 6 includes data from 2 matrices using temperature
programmed splitlessinjection. Method detection limits (MDLS) are presented in Table 1
for both types of injectors used. MDLs were cdculated usng the formulain Section
9.2.4. Although the caculated MDL s using the two different types are not dramatically
different, for compounds 9-12 (Table 2) the peak shapes are Sgnificantly better using
temperature programmed injection, and the peak heights and areas are gredter.
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13.2 POTENTIAL PROBLEM COMPOUNDS —

1321

13.2.2

13.2.3

2,4-Dinitrophenol, 4-nitrophenol, 2-methyl-4,6-dinitrophenol, pentachlorophenol
and 2,4,6-tribromophenol have atendency to exhibit a chromatographic
phenomenon known as “ matrix-induced chromatographic response
enhancement” (5-8). Compounds that exhibit this phenomenon often give
andytica results that exceed 100% recovery. Thetheory behind this
phenomenon is that these compounds are susceptible to adsorption and/or
thermd degradation in the GC inlet. The“cdeaner” the matrix they are injected
in, eg. clean solvent, the more they degrade. When they areinjected in asample
extract, matrix components in the sample extract “ protect” these compounds
from decomposition and arelatively greater response is observed. While most
of the literature references to this phenomenon refer to organophosphate
pesticides in river water and food samples, the effect seen during devel opment of
this method suggests the same type of problem occurs with these acidic phenols.

This method uses 2,3,4,5-tetrachlorophenol as the interna standard for
quantifying these analytes. The chromatographic behavior of 2,3,4,5-
tetrachlorophenol mimics these particular method andytes. Thereforeits use as
an internd andard helps maintain accurate measurement of these analytes. It
should be noted however that these particular andytes will probably not be
measured with the same leve of precison and accuracy as other method
andytes, but the precison and accuracy requirements should still be achievable.

The same compounds listed in sect. 13.2.1. aso have atendency to tail. QC
criteriafor pesk tailing factors have been given in Sect. 10.2.3.1. During method
development, significantly less pesk tailing was observed using temperature
programmed injection. Other measures shown to minimize peek tailing and
improve pesk shape are pressure pulsed injection, and increasing the GC oven
temperature program rate. Pulsed injection is recommended on GCs which have
that option available. A faster GC oven temperature program is recommended if
there are no interferences, and if the minimum number of scans across
chromatographic pesks can be obtained. Thisisafunction of how fast the MS
can scan.

Phenal is very water soluble compared to other method anaytes. Breakthrough
experiments performed during method devel opment indicate that some
breakthrough from the SPE cartridge can be expected. Breakthrough can be
minimized by monitoring the flow of the sample through the cartridge. In generd,
dower flow rates will minimize breakthrough. Precison and accuracy
requirements in Sect. 10 should be achievable.
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14.

15.

13.3 HOLDING TIME STUDY RESULTS-

13.3.1 Hoalding time studies for agueous samples were conducted for a period of 35
days. Chlorinated surface water samples fortified with method andytes and
preserved and stored according to requirements in Section 8, were andyzed on
daysO0, 7, 10, 15, 23, 28, and 35. Smdll, but datistically significant losses of 2-
chlorophenol, o-cresol, and 2,4-dimethylphenol were observed beginning
between day 15 and 23. Therefore the aqueous holding time was determined to
be 14 days. Datafrom these studiesarein Table 7.

13.3.2 Hoalding time studies for sample extracts were conducted for a period of 35
days. A sngle st of extracts were stored at 0°C, and analyzed on days 0, 14,
23, and 35. No ggnificant losses were observed within thistime frame,
Therefore the extract holding time was established at 30 days. Data from these
dudiesarein Table 8.

POLLUTION PREVENTION

141

14.2

This method utilizes SPE technology to remove the andytes from water. It requiresthe
use of very smal volumes of organic solvent and very smdl quantities of pure andytes,
thereby minimizing the potentid hazards to both the andyst and the environment when
compared with the use of large volumes of organic solventsin conventiond liquid-liquid
extractions.

For information about pollution prevention that may be applicable to laboratory
operations, consult "Less |s Better: Laboratory Chemical Management for Waste
Reduction” avallable from the American Chemica Society's Department of Government
Relations and Science Policy, 1155 16th Street N.W., Washington, D.C., 20036.

WASTE MANAGEMENT

151

The andyticd procedures described in this method generate relatively small amounts of
waste since only smal amounts of reagents and solvents are used. The matrices of
concern are finished drinking water or source water. However, the Agency requires that
|aboratory waste management practices be conducted consistent with al applicable rules
and regulations, and that |aboratories protect the air, water, and land by minimizing and
controlling dl releases from fume hoods and bench operations. Also, complianceis
required with any sewage discharge permits and regulations, particularly the hazardous
wadte identification rules and land disposd redirictions. For further information on waste
management, consult “ The Waste Management Manud for Laboratory Personnd” dso
available from the American Chemica Society at the addressin Section 14.2.
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17. TABLES DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

TABLE 1. METHOD DETECTION LIMITS?

Hot SplitlessInjection® Temperature Programmed
Analyte SplitlessInjection °
Spiking MDL Spiking MDL
Conc. (zg/L) (zg/lL) Conc. (zg/L) (zg/lL)
phenol 1.0 0.58 0.1 0.025
2-chlorophenol 0.1 0.020 0.1 0.041
2-methylphenol (o-cresol) 0.1 0.026 0.1 0.028
2-nitrophenol 0.1 0.026 0.1 0.044
2,4-dimethylphenol 0.1 0.026 0.1 0.034
2,4-dichlorophenol 0.1 0.027 0.1 0.046
4-chloro-3-methyl phenol 0.1 0.036 0.1 0.042
2,4,6-trichlorophenol 0.1 0.046 0.1 0.024
2,4-dinitrophenol 1.0 0.31 0.5 0.22
4-nitrophenal 1.0 0.42 0.5 0.18
2-methyl-4,6-dinitrophenol 1.0 0.26 0.5 0.092
pentachl orophenol 1.0 0.25 0.5 0.081

& data obtained usng Column 1
b- n=7
c-n=8
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TABLE 2. RETENTION TIMES (RTs) AND SUGGESTED QUANTITATION IONS (Qls)

Cmpd | Analyte RTs(min) | RTs(min) Qls IS
#e column 1° | column 2°¢ (m2) Ref
1 phenol 11:00 12:38 94 1
2 2-chlorophenal 11:07 12:50 128 1
3 2-methylphenol (o-cresol) 12:52 14:27 107 1
4 2-nitrophenol 14:36 16:22 139 1
5 2,4-dimethylphenal 15:00 16:35 107 1
6 2,4-~dichlorophenol 15:22 17.04 162 1
7 4-chloro-3-methylphenol 17:46 19:27 142 1
8 2,4,6-trichlorophenol 18:56 20:42 97 1
9 2,4-dinitrophenal 21:30 23:30 154,184¢ 2
10 | 4-nitrophenol 21:53 2344 139 2
11 2-methyl-4,6-dinitrophenol 23:09 25:09 121,198¢ 2
12 pentachlorophenol 25:14 27:12 266 2

13 1,2-dimethyl-3-nitrobenzene (1S#1) 17:43 19:29 134
14 2,3,4,5-tetrachlorophenol (1S#2) 22:09 24:.02 232
15 2-chlorophenol-3,4,5,6-d, (SURR) 11.04 12:47 132 1
16 | 2,4-dimethylphenol-3,5,6-d; (SURR) 14:59 16:34 110 1
17 2,4,6-tribromophenol (SURR) 23:37 25:37 330 2

& Number refersto peak number in Figures 1-3.

b- Column 1- 30 m x 0.25 mm id DB-5ms (J&W), 0.25 -m film thickness.

¢- Column 2- 30 m x 0.25mm id BPX5 (SGE), 0.25 :m film thickness

d- Because the M S response to these compounds is low, and both the listed ions are near 100% ion
abundance, the sgna from both ions may be added together to increase sensitivity.
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TABLE 3. ION ABUNDANCE CRITERIA FOR DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

Mass (m/z) Relative Abundance Criteria Pur pose of Checkpoint 2

51 10-80% of the base peak low mass sengtivity

68 <2% of mass 69 low mass resolution

70 <2% of mass 69 low mass resolution

127 10-80% of the base peak low-mid mass sengtivity

197 <2% of mass 198 mid-mass resolution

198 base peak or >50% of 442 micd-mass resolution and sengitivity
199 5-9% of mass 198 mid-mass resolution and isotope ratio
275 10-60% of the base peak mid-high mass sengitivity

365 >1% of the base peak basdine threshold

441 Present and < mass 443 high mass resolution

442 base peak or >50% of 198 high mass resolution and sengtivity
443 15-24% of mass 442 high mass resolution and isotope rétio

a All ionsare used primarily to check the mass measuring accuracy of the mass spectrometer and data system, and thisis the most important
part of the performancetest. The three resolution checks, which include natural abundance isotope ratios, condtitute the next most important
part of the performance test. The correct setting of the basdline threshold, asindicated by the presence of low intensity ions, is the next most
important part of the performancetest. Finaly, the ion abundance ranges are designed to encourage some standardization to fragmentation

patterns.




TABLE 4. RESULTSFROM REPLICATE ANALYSES OF REAGENT WATER FORTIFIED WITH METHOD ANALYTES
AT 1-10 -g/L *USING HOT SPLITLESS INJECTION

Analyte Concentration= 10 zg/L ®, n=4 Concentration=5 -g/L ¢, n=4 Concentration=1 zg/L °, n=7
Mean % RSD (%) Mean % RSD (%) Mean % RSD (%)
Recovery Recovery Recovery
phenol 75.9 43 103 18 90.8 20
2-chlorophenol 91.3 26 86.7 4.3 89.7 79
2-methylphenol (o-cresol) 93.3 22 86.1 3.6 84.9 7.3
2-nitrophenol 974 3.6 97.8 4.8 75.0 11
2,4-dimethylphenol 91.0 17 74.7 85 76.3 8.0
2,4-dichlorophenol 94.3 29 94.4 1.8 88.2 4.8
4-chloro-3-methylphenol 96.5 19 92.3 4.2 90.8 84
2,4,6-trichlorophenol 89.9 34 91.5 4.7 92.9 11
2,4-dinitrophenol 107 36 104 6.0 61.8 16
4-nitrophenol 107 30 90.5 11 96.3 14
2-methyl-4,6-dinitrophenol 105 32 83.0 16 915 89
pentachlorophenol 103 19 86.2 9.8 103 7.6
2-chlorophenol-3,4,5,6-d4 (SURR) 934 18 84.9 6.6 95.9 11
2,4-dimethylphenol-3,5,6-d3 (SURR) 94.0 2.0 82.0 7.2 95.1 13
2,4,6-tribromophenol (SURR) 82.2 18 771 6.1 98.0 8.6

a Surrogate concentrationsin all ssmple are 5 - g/L for tribromophenol and 2 : g/L for the deuterated phenols.

b- Data obtained using Column 1.
¢- Data obtained using Column 2
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TABLE 5. ACCURACY #AND PRECISION DATA FOR METHOD ANALYTESFORTIFIED AT 10 zg/L IN THREE MATRICES
HOT SPLITLESSINJECTION

ANALYTE HARD GROUND WATER ¢ CHLORINATED SURFACE SIMULATED HIGH TOC WATER
n=4 WATER ¢ n=4 ¢dn=4
% Rec RSD (%) %Rec RSD (%) % Rec RSD (%)
phenol 77.6 51 73.9 45 73.7 51
2-chlorophenol 91.2 2.6 88.6 30 85.8 5.2
2-methylphenol (o-cresol) 93.2 34 91.3 23 89.2 4.3
2-nitrophenol 102 25 99.4 21 99.0 28
2,4-dimethylphenol 86.3 20 86.6 19 83.2 53
2,4-dichlorophenol 94.8 12 93.3 14 90.0 51
4-chloro-3-methyl phenol 98.5 16 97.5 14 94.6 39
2,4,6-trichlorophenol 95.5 39 92.7 31 89.1 41
2,4-dinitrophenol 117 4.2 118 23 121 10
4-nitrophenol 102 24 102 38 95.9 23
2-methyl-4,6-dinitrophenol 115 22 113 15 115 0.71
pentachlorophenol 110 4.0 108 51 105 18
2-chlorophenol-3,4,5,6-d4 (SURR) 93.0 24 915 16 89.1 53
2,4-dimethylphenol-3,5,6-d3 (SURR) 88.9 3.0 87.2 24 85.4 48
2,4,6-tribromophenol (SURR) 4.7 2.6 76.3 51 71.0 45

a Accuracy is presented as % recovery

b- Hard municipal chlorinated ground water, 450mg/L hardness measured as cal cium carbonate.

c- Data obtained using Column 1.

d- Smulated high organic content (high Total Organic Carbon) sample prepared by adding 10 mg/L humic acid (Fluka Chemical Corp., Milwaukee, WI) to reagent

water.
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TABLE 6. RESULTS OF REPLICATE ANALYSESIN TWO MATRICESUSING TEMPERATURE PROGRAMMABLE

INJECTION @

ANALYTE Reagent Water Reagent Water Chlorinated Surface Water

Concentration=0.5 -g/L, n=7 Concentration=5 -g/L, n=4 Concentration=10 zg/L, n=5

% Recovery RSD (%) % Recovery RSD (%) % Recovery RSD (%)
phenol 74.5 13 107 21 74.1 7.5
2-chlorophenol 88.3 11 95.5 7.7 94.8 43
2-methylphenol (o-cresol) 96.2 9.4 93.0 45 103 8.1
2-nitrophenol 89.1 8.9 102 6.8 945 74
2,4-dimethylphenol 82.0 8.2 85.5 8.8 93.8 9.8
2,4-dichlorophenol 83.0 8.3 100 7.3 93.7 2.9
4-chloro-3-methyl phenol 79.0 6.6 101 75 96.6 2.9
2,4,6-trichlorophenol 78.9 8.1 102 10 90.7 33
2,4-dinitrophenol 63.8 22 95.4 6.6 113 4.7
4-nitrophenol 84.1 14 103 81 102 6.8
2-methyl-4,6-dinitrophenol 62.4 9.4 103 51 107 4.9
pentachlorophenol 72.0 7.2 88.0 7.2 93.8 6.8
2-chlorophenal-3,4,5,6-d4 (SURR) 79.1 7.6 87.6 39 84.7 10
2,4-dimethyl phenol-3,5,6-d3 (SURR) 79.9 85 91.9 7.8 97.0 8.3
2,4,6-tribromophenol (SURR) 79.6 7.8 86.1 7.8 79.5 12

a Data obtained using Column 1.
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TABLE 7. RESULTS OF AQUEOUSHOLDING TIME STUDIESFOR METHOD 528 ANALYTES?

ANALYTE DAY 0 DAY 7 DAY 10 DAY 15
% Rec | RSD (%) | % Rec | RSD (%) | % Rec |RSD (%) | % Rec | RSD (%)

phenol 74.5 19 77.0 3.8 74.3 34 74.3 35
2-chlorophenol 91.5 19 88.8 13 88.0 29 85.8 4.1
2-methylphenol (o-cresol) 99.9 2.8 96.0 1.2 94.3 2.6 93.0 2.8
2-nitrophenol 9.1 4.3 100 4.0 98.8 3.9 101 31
2,4-dimethylphenol 85.5 4.2 80.7 3.9 79.1 8.1 75.2 4.7
2,4-dichlorophenal 94.2 2.2 93.0 2.5 92.3 1.0 91.8 3.3
4-chloro-3-methylphenol 96.5 21 95.5 35 96.5 2.3 96.5 39
2,4,6-trichlorophenol 94.8 3.3 97.1 29 96.0 2.8 95.0 3.3
2,4-dinitrophenol 102.8 51 102 34 107 8.0 112 2.9
4-nitrophenal 100.1 3.2 100 4.2 101 4.9 96.2 3.3
2-methyl-4,6-dinitrophenol 96.1 51 109 8.7 113 58 115 5.0
pentachlorophenol 94.5 4.1 102 2.1 103 35 102 2.3

a All andytesfortified into achlorinated surface water at a concentration of 10 :g/L, dechlorinated and acidified according to Section 8, stored
for 48 hr at 10° C, followed by storage a 6° C. For each time point, n=5.
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TABLE 8. RESULTSOF EXTRACT HOLDING TIME STUDIESFOR METHOD 528 ANALYTES?

ANALYTE DAY 0 DAY 14 DAY 23 DAY 35
% Rec | RSD (%) | % Rec | RSD (%) | % Rec | RSD (%) | % Rec | RSD (%)

phenol 74.5 19 74.2 3.8 72.7 34 74.9 35
2-chlorophenol 91.5 19 89.8 13 88.6 29 89.1 4.1
2-methylphenol (o-cresol) 99.9 2.8 97.5 1.2 98.4 2.6 96.6 2.8
2-nitrophenol 9.1 4.3 100 4.0 96.4 3.9 101 31
2,4-dimethylphenol 85.5 4.2 86.9 3.9 88.0 8.1 88.7 4.7
2,4-dichlorophenal 94.2 2.2 95.4 2.5 96.1 1.0 98.6 3.3
4-chloro-3-methylphenol 96.5 21 98.9 35 98.1 2.3 102 39
2,4,6-trichlorophenol 94.8 3.3 97.1 29 97.6 2.8 102 3.3
2,4-dinitrophenol 102.8 51 104 34 90.9 8.0 99.1 2.9
4-nitrophenal 100.1 3.2 91.1 4.2 89.3 4.9 96.3 3.3
2-methyl-4,6-dinitrophenol 96.1 51 108 8.7 98.2 58 110 5.0
pentachlorophenol 94.5 4.1 90.1 2.1 100 35 105 2.3

a All extracts were from the Day 0 aqueous holding time samples, and were stored in amber vids at 0° C. For each time point, n=5.
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TABLE 9. INITIAL DEMONSTRATION OF CAPABILITY (IDC) REQUIREMENTS

Method Requirement Specification and Frequency Acceptance Criteria
Reference
Sect. 9.2.1 Initid Demondration of Low Andyze LRB prior to any other IDC | Demonstrate that al target andytes are below
Method Background steps. 1/3 the MRL, and that possible interferences
from extraction mediado not prevent the
Identification and quantification of method
andytes.
Sect. 9.2.2 Initid Demondration of Andyze 4-7 replicate LFBsfortified | RSD must be #20% for al anaytes except
Precison (IDP) at 5-10:g/L phenol which must be # 30%.
Sect. 9.2.3 Initid Demondration of Calculate average recovery for Mean recovery 70-130% of true value, except
Accurecy (IDA) replicates used in IDP phenol which is 50-150%
Sect. 9.2.4 Method Detection Limit Over aperiod of three days, Note: Datafrom MDL replicates are not
(MDL) Determinetion prepare aminimum of 7 replicate required to meet method precison and
LFBsfortified a a concentration accuracy criteria. If the MDL replicates are
estimated to be near the MDL. fortified at alow enough concentretion, it is

Anayze the replicates through dl
deps of the andyss. Caculate the
MDL using the equation in Section
9.24.

likely that they will not meet precison and
accuracy criteria
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TABLE 10. QUALITY CONTROL REQUIREMENTS (SUMMARY)

Method Requirement Specification and Frequency Acceptance Criteria
Reference
Sect. 84 Sample Holding Time 14 days, dechlorinated and acidified | Iced or refrigerated at 10°C or lessfor up to
to pH#2 48 hours, 6°C theregfter.
Sect. 8.4 Extract Holding Time 30 days Stored a 0°C or lessin amber vids.
Sect.9.11 Laboratory Fortified Sample | Analyze one LFM per extraction Recoveries not within 70-130% of the fortified
Matrix (LFM) batch (20 samples or less) fortified amount may indicate ameatrix effect.
with method andytes a a
concentration close to the native
concentration.
Sect. 9.12 Feld Duplicates Anayze 1 FD for each 20 samples, Suggested RPD+30%.
or 1 per extraction batch, whichever
IS gredter.
Sect. 9.13 Qudity Control Sample Anayze QCS whenever new If andyzed as a calibration sample, CCC
(QCY) standards are prepared, or at least criteriagpply. If andyzed asaLFB, those
quarterly. criteria apply.
Sect 9.2.1 L aboratory Reagent Blank Dally, or with each extraction batch | Demondtrate that all target analytes are below
(LRB) of up to 20 samples, whichever is 1/3 the MRL, and that possble interference
more frequent. from extraction media do not prevent the
identification and quantification of method
anaytes.
Sect. 9.8 Laboratory Fortified Blanks Anayze a least one LFB daily or for | Results of LFB andyses must be 70-130% of
(LFB) each extraction batch of up to 20 the true vaue (except phenol) for each andyte

field samples. Rotate the fortified
concentration between low, medium
and high amounts.

and surrogate for dl fortified concentrations
greater than the lowest CAL point. Results of
LFBs corresponding to the lowest CAL point
must be 50-150% of the true value.
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Sect. 9.9 Internal Standard 1,2-dimethyl-3-nitrobenzene (1IS#1) | Peak area countsfor IS#1 in LFBs, LRBsand
and 2,3,4,5-tetrachl oro-phenol sample extracts must be within 70-130% of the
(IS#2) are added to all standards peak areain the most recent CCC, and 50-
and sample extracts. 150% of average areain theinitid cdibration.
Sect 9.10 Surrogate Standards Surrogate standards are added to al | Recovery for 2-chlorophenol-3,4,5,6-d, and
standards, samples, LFBs, LFMSs, 2,4-dimethylphenol-3,5,6-d; in al sandards,
FDs, LRBs, and LFBs. LRB, LFB, LFM, FD and sample extracts
must be 70-130% of the true value. Recovery
for 2,4,6-tribromophenol must be 60-130%.
Sect. 10.2.1 MS Tune Check Andyze DFTPP to verify MStune Criteriaare given in Table 3.
beforeinitid calibration and before
every recdibration.
Sect.10.2.2 Initid Cdlibration Useinterna standard cdibration When each calibration standard is calculated as
technique to generate an average RF | an unknown using the cdibration curve, the
or first or second order calibration result must be 70-130% of the true vaue for all
curve. Use at least 5 standard but the lowest stlandard. The lowest standard
concentrations that span the must be 50-150% of the true vaue.
approximate range of 0.1- 15 :g/L.
Sect. 10.2.3.1 GC Performance-Pesk Tailing | Cdculate the peak tailing factor for Peak tailing factor of 5 or less. (SeeFig.4 for

Check

compounds listed in the referenced
section, at the beginning of each day
during which samples are andyzed.
In cases of continuous instrument
operation, check peak tailing factors
every 24 hr.

cdculation of PTF.)
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Sect. 10.3 Continuing Cdibration Check | Veify initid cdibration by andyzing a | The result for each andyte and surrogate must
cdibration standard prior to analyzing | be 70-130% of the true value for dl

samples, after every 10 samples, and | concentrations except the lowest CAL point
after thelast sample. Always andlyze | for each andyte. The lowest CAL point for
alow concentration (near the MRL) | each andyte must be 50-150% of the true
CCC a the beginning of the andyss | vadue.

period. The peak area of |S#1 must be within 70-
130% of the pesk areain the most recent
CCC, and 50-150% of the average peak area
caculated during initid cdibration.
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FIGURE 1.CHROMATOGRAM OF PHENOL STANDARD MIX (5ng/ :L EACH ANALYTE) ON A DB-5ms COLUMN WITH
HOT SPLITLESSINJECTION 2.
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numbers refer to compounds as listed in Table 2.
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FIGURE 2CHROMATOGRAM OF PHENOL STANDARD MIX (5ng/ :L EACH ANALYTE) ON A BPX5 COLUMN WITH
HOT SPLITLESSINJECTION.?
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a peak numbers refer to compounds aslisted in Table 2.
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FIGURE 3. CHROMATOGRAM OF PHENOL STANDARD MIX (5ng/ -:L EACH ANALYTE) ON A DB-5ms COLUMN
WITH TEMPERATURE PROGRAMMED SPLITLESSINJECTION. ?

106 5 1B ~
13 i
B !
3 8 14
TOT- B
2 7 17
4 I
1 12 -
‘5 11 _
910
il mJ L ]
—T— 1 "~ T 3 ' f ' 1 "t T
988 1209 1504 1088 Z18a
18.19 13.99 £7 .49 28.99 24 .08
a peak

numbers refer to compounds as listed in Table 2.
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FIGURE 4. PEAK TAILING FACTOR (PTF) CALCULATION.

1.83» .
256~ -
A B C
| Hmin B 1T r""“n—.__,___,____‘___"_
T T _lﬁf T T T [‘n T T T T T T T T T T T T
2168 2165 Z1iTe 2173
23,19 25.25 Z5.d1 29.37
BC

Peak Tailing Factor = ——
AB

BD = 10 % pesk height

Note: the PTF should be calculated from the single ion chromatogram of the quantitation ion.
This example isfor the pentachlorophenol pesk. The PTF=2.5.
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