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November 5, 2021

Mr. Joshua Cook, P.E.

Professional Engineer 1

New York State Department of
Environmental Conservation, Region 7
615 Erie Boulevard West

Syracuse, NY 13204

Subject: Bristol-Myers Squibb Restoration Area, Site ID No. #C734138
Village of East Syracuse, Town of DeWitt, Onondaga County
Letter Workplan for Supplemental Groundwater Monitoring — Revised November 2021

Dear Mr. Cook:

On behalf of Bristol-Myers Squibb (BMS), B&B Engineers & Geologists of New York, P.C., an
affiliate of Geosyntec Consultants Inc., has prepared this workplan regarding supplemental
groundwater monitoring at the Syracuse North Campus Restoration Area or Brownfield
Development Area (BDA) (“Site”). The objective of this fieldwork is to address certain issues
raised by the New York State Department of Environmental Conservation (NYSDEC) in previous
correspondence (i.e., the January 31, 2020 response letter to the July 2019 Groundwater PDI and
Supplemental Sampling Report and the December 14, 2020 response letter to the April 2020
Alternatives Analysis Report, both prepared by Arcadis on behalf of BMS). These issues included:

1. The widespread distribution, detection in blanks, analytical method reliability, data gaps,
and potential sources of aldehydes observed in groundwater throughout the Site; and

2. The potential for monitored natural attenuation (MNA) to effectively degrade constituents
of potential concern (COPC) in both source area and downgradient groundwater.

The supplemental groundwater monitoring activities proposed herein will provide the dataset
needed to address these issues and help to refine the site conceptual model, specifically regarding
the distribution and environmental fate of COPC, as described below.

1. SUPPLEMENTAL GROUNDWATER CHARACTERIZATION FOR ALDEHYDES

Since 2017, aldehydes (i.e., formaldehyde and acetaldehyde) have been detected at concentrations
of up to 560 micrograms per liter (ug/L) in groundwater from multiple hydro stratigraphic units
within the BDA and in downgradient locations. Moreover, these detections have often exceeded
the applicable NYSDEC Technical and Operational Guidance Series (TOGS) value of 8 pug/L. The
causes or sources of the elevated aldehyde concentrations observed in BDA groundwater remain
unresolved. However, certain complicating factors may be impacting the representativeness of the
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existing aldehydes dataset. They include: (1) a reporting limit for aldehydes of 50-60 pg/L using
SW-846 Method 8315A, and (2) the presence of acetone and methanol in Site groundwater which
can react with the Method 8315A derivatizing agent 2,4-dinitrophenylhydrazine and cause
analytical interferences (see Section 3.0 of Attachment 1).

NYSDEC posed questions and commentary regarding aldehyde detections, precursors,
degradation pathways, and potential role in MNA in response letters of January 31, 2020 and
December 14, 2020. The following comments are summarized from the former response letter
which regarded the Groundwater PDI and Supplemental Sampling Report:

e #1-2 pertained to observed concentrations and laboratory reporting and method detection
limits above the standard, criterion, or guidance (SCG) values and detections in equipment
blanks, respectively, for several contaminants (including aldehydes), and

o #27-30 dealt largely with the issue of aldehyde precursors and degradation pathways.

Continuing in this vein, comment 64 from the December 14, 2020 response letter focused on the
potential aldehyde precursors, namely methylene chloride, and their possible role in demonstrating
MNA.

Given these issues, supplemental groundwater sampling proposed herein is intended to: (1) assess
the ability of SW-846 Method 8315A to reliably detect known aldehyde concentrations submitted
as blind standard samples, with and without potentially interfering analytes; and (2) further
evaluate and characterize potential aldehyde precursors, as applicable, in representative
monitoring wells in different areas and hydro stratigraphic units at the Site. Through these
analyses, we hope to develop a deeper understanding of the method’s accuracy, dynamic range,
and susceptibility to false positive detections. Details of the proposed additional aldehydes testing
are as follows.

Assessment of SW-846 Method 8315A

Absolute Standards, Inc. (Hamden, CT) will be contracted to prepare standard samples of known
composition which will be blindly submitted to Eurofins Lancaster Laboratories (Lancaster, PA),
a New York Environmental Laboratory Approval Program (ELAP) certified laboratory, for
analysis in accordance with the Site’s Quality Assurance Project Plan (QAPP) prepared by O’Brien
& Gere in 2013, with an addendum prepared by Arcadis on behalf of BMS as part of the
Groundwater Remedy Pre-Design Investigation and Supplemental Sampling Work Plan in August
2018 and approved by NYSDEC in September 2018. These standards will feature varying
concentrations of formaldehyde as well as and acetone, methanol, and ethanol, three potential
interfering Site COPC, as follows:

1. High-range — 500 pg/L formaldehyde, 500 pug/L acetone, 500 pg/L methanol, and 500 pg/L
ethanol;
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2. Low-range — 10 pg/L formaldehyde, 50 pg/L acetone, 50 ug/L methanol, and 50 pg/L
ethanol; and,

3. Mid-range — 100 pg/L formaldehyde.

The analyses of these standards of known composition are expected to provide insight into the
accuracy of the analytical method and susceptibility to interference by acetone and methanol in
groundwater. The results from analysis of the prepared standards will be evaluated to determine if
Method 8315A is appropriate for the Site prior to completing the fieldwork outlined below.
Validated laboratory analytical data from the analysis of the prepared standards will be submitted
to NYSDEC and NYSDOH with recommendations. If the analytical results from analysis of the
prepared standards suggest Method 8315 is not an appropriate method for the Site, further options
will be considered with NYSDEC and developed with Eurofins Lancaster Laboratories, such as
modifications to Method 8315, or to a drinking water method for aldehyde analysis (e.g., Method
556/556.1).

Evaluation and Characterization of Potential Aldehyde Precursors

Groundwater from the four (4) monitoring wells listed in Table 1 below will be collected and
analyzed. These locations represent different areas of the Site and target specific hydro
stratigraphic units based on the screened intervals (i.e., feet below ground surface, ft bgs).

Table 1. Wells Included in Aldehyde Characterization

Well Identification (Well ID) | Screened Interval (ft bgs) Hydro stratigraphic Unit
BDA-1RX 115.81-125.41 Bedrock groundwater
BDA-10DT 32.23-36.83 Deep till
BDA-15WT 10.59-20.19 Water table
BLD-49-1WT 3.61-13.21 Water table

During the Remedial Investigation (RI), aldehydes (e.g., formaldehyde and acetaldehyde) ranging
from 110-560 pg/L were detected in these wells which are highlighted in yellow in the attached
figure (Arcadis Figure 2 — Groundwater Sampling Locations).

Samples will be collected using low flow methods in accordance with the Site’s Field Sampling
and Analysis Plan (FSAP) prepared by O’Brien & Gere in 2013, with an addendum prepared by
Arcadis on behalf of BMS as part of the Groundwater Remedy Pre-Design Investigation and
Supplemental Sampling Work Plan in August 2018 and approved by NYSDEC in September
2018, and in accordance with the Technical Guidance for Site Investigation and Remediation as
codified in Division of Environmental Remediation Policy No. 10 (DER-10). New disposable
nitrile gloves will be donned by field personnel for each groundwater sampling location. Samples
will be analyzed in accordance with the QAPP (2013, and the 2018 addendum). The specific suite
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of proposed analytical parameters is shown in Table 2 below with quality assurance/quality control
(QA/QC) samples, as appropriate.

Table 2. Groundwater Parameters Included in Supplemental Sampling Program
Type Parameters

. pH, oxidation-reduction potential (ORP), conductivity, temperature, and dissolved
Field oxygen (DO)

Fixed Lab | Volatile organic compounds (VOC) plus tentatively identified compounds (TIC), semi-
COPC volatile organic compounds (SVOC) plus TIC, aldehydes, glycols, and alcohols

Fixed Lab | Nitrate, nitrite, sulfate, sulfide, total iron, ortho-phosphate, ammonia-nitrogen, and total
MNA Kjeldahl nitrogen (TKN)

Duplicate (1 per 10 samples), matrix spike (1 per 20 samples), matrix spike duplicate (1
QA/QC per 20 samples), field blank (1 per 20 samples), equipment blank (1 per 20 samples')

Note:

1 — As per Section 7.3.4 of the 2013 QAPP, equipment blanks should be collected at a frequency of 1 per 20 samples should
any equipment be decontaminated in the field for reuse during groundwater sampling. It is not planned that equipment will
be reused during the proposed sampling. As such, equipment blanks are not planned. Should equipment decontamination
be required as part of sampling activities, then an equipment blank will be collected at the prescribe frequency.

Laboratory analyses will be performed by Eurofins Lancaster Laboratories. The suite of
parameters in Table 2 will facilitate a more robust evaluation of potential aldehyde precursors.
Including the historic RI dataset, the new results may enable identification of possible COPC
correlations and help to elucidate potential transformation pathways.

2. EVALUATION OF MNA POTENTIAL IN SELECT MONITORING WELLS

Despite the acknowledged need to actively treat source areas with appropriate technologies, MNA
remains a potentially viable strategy in downgradient groundwater in areas where COPC impacts
are minor and/or sensitive receptors are absent. Therefore, in accordance with the requirements of
DER-10 and to address NYSDEC comment 64 from the December 14, 2020 response letter,
additional groundwater data is needed to preliminarily assess the potential suitability of MNA in
key Site monitoring wells.

The four (4) monitoring wells listed in Table 3 below are proposed for sampling as they target
different areas and hydro stratigraphic units of the Site. These wells, highlighted in purple in the
attached figure, also span a range of site COPC impacts from highly contaminated source areas to
distal portions of relatively dilute plumes.
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Table 3. Wells Included in MNA Evaluation
Screened Hydro stratigraphic
Interval (ft bgs) Unit & Type

Well ID Key COPC

Methylene chloride (~40
mg/L), N,N-dimethylaniline
(~20 mg/L), methanol (~150
mg/L), ethylene glycol, etc.
Methylene chloride (~2,000
mg/L), methyl isobutyl
ketone (~200 mg/L), acetone
(~150 mg/L), etc.

Water table/Downgradient | Dicyclohexylamine and other

BDA-11WT 3.21-12.81 Water table/Source area

BDA-4UT 7.57-17.17 Upper till/Source area

BDA-6WT 4.05-13.65

groundwater COPC at <300 pg/L.
Water table/Downgradient | Ethylene glycol (7,400 J
BDA-1F 3.5-8.5 groundwater ng/L), acetaldehyde and other

COPC at <120 pg/L.

Note:
J results refer to detected concentrations that are greater than the laboratory method detection limit but less than the
quantitation limit.

Including source areas in the range of conditions evaluated for MNA potential is important to
develop an understanding of the site-specific COPC impacts on microbial diversity within the
prevailing geochemical and hydrodynamic conditions. The resultant dataset should enable a more
realistic and scientifically defensible appraisal of the appropriateness and adequacy of MNA to
degrade COPC in Site groundwater.

These samples will be analyzed for the same suite of conventional field and fixed lab analytical
parameters as noted in Table 2 (e.g., VOC and SVOC plus TIC, aldehydes, alcohols, glycols,
ammonia-nitrogen, TKN, phosphate, terminal electron acceptors, etc. analyzed at Eurofins
Lancaster Laboratories). Samples will also be collected for environmental molecular testing
(Gene-Trac® NGS) to characterize the local microbial populations at Geosyntec’s SiREM
Laboratory (Knoxville, TN) and establish baseline conditions.

Gene-Trac® NGS facilitates evaluation of community function and dynamics to gain critical
insights into complex microbial systems including those at bioremediation sites, wastewater
treatment systems, and landfills. As detailed in Attachment 2, Gene-Trac® NGS can be used to:

e Understand the dominant and potential microbial processes;

e Visualize microbial community spatial and temporal variability;

e Determine the impact of electron donors, nutrients, pH, buffers, bioaugmentation as part
of bioremediation remedy implementation and management; and
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e Identify inhibitory and challenging site conditions.

Gene-Trac® NGS microbial community structure and function analysis results will be used to
inform the evaluation of the feasibility of possible future remedies for the Site. Depending on the
local microbial populations and baseline conditions established by the Gene-Trac® NGS testing
as proposed, additional sampling may be proposed.

Gene-Trac® NGS was not commercially available at the time of the 2013 QAPP, and was not
considered at the time of the 2018 addendum to the Site’s QAPP. Samples will be collected using
low flow methods and in accordance with the NYSDEC-approved FSAP and revised QAPP Table
1 (Attachment 3) with the following additions related to sample storage and shipping procedures
summarized as follows:

e Two (2) 1-liter wide-mouth high-density polyethylene (HDPE) Nalgene®-type screw-top
containers per well are filled with groundwater following well purging using low flow
sampling techniques;

e The hold time for the Gene-Trac® NGS samples is 7 days stored at 39.2 degrees Fahrenheit
(or 4 degrees Centigrade); and

e All samples will be clearly labelled, packaged in re-sealable freezer bags in coolers with
freezer packs, and sent under chain-of-custody to SIREM’s laboratory.

3. REPORTING

Field and validated analytical data collected as outlined in this Workplan will be submitted
electronically to the EQuIS database. Analytical data will be validated within one month of receipt
of the laboratory analytical reports. The findings of the proposed work will be presented to
NYSDEC and NYSDOH via conference call or virtual meeting, and will be reported with
recommendations in a subsequent Letter Report (Report).

The Report will be prepared in accordance with the Technical Guidance for Site Investigation and
Remediation as codified in Division of Environmental Remediation Policy No. 10 (DER-10) and
consistent with requirements in Title 6 of the Official Compilation of Codes, Rules and
Regulations of the State of New York Part 375. The Report will include figures, tabulated
analytical results, any other pertinent tables, laboratory reports (Category B deliverables), data
usability summary report(s), field sampling logs, investigation-derived waste management
documentation, and any other pertinent information.
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4. SCHEDULE

Following approval of this Workplan, the standards will be prepared by Absolute Standards, Inc.
and analyzed by Eurofins Lancaster Laboratories. The validated standards results will be evaluated
to determine if Method 8315 is appropriate for the Site. As requested, the findings of the standards
evaluation will be presented to NYSDEC and NYSDOH via conference call or virtual meeting
prior to the start of fieldwork. Modifications to the analytical method, or other Workplan elements
can be discussed during this meeting.

We then propose to conduct the anticipated fieldwork campaign within one month after
concurrence by NYSDEC of the Workplan (including modifications). This will include the
required 7-day advance notification.

Receipt of the laboratory reports and completion of data validation would then be expected within
six weeks of fieldwork completion. We propose to present the findings to NYSDEC and NYSDOH
in the Letter Report as described in Section 3.

Please feel free to contact Richard Mator, Associate Director / Environment at (609) 252-4273 or
Richard.Mator@BMS.com should you have questions or require further clarifications regarding
the fieldwork described in this Workplan.

Sincerely,

&\*&m s A et

"

Daniel W. Elliott, Ph.D., BCEEM Susan Welt, M.P.H., P.E. (NY)

Senior Consultant Principal

Geosyntec Consultants, Inc. B&B Engineers & Geologists of New York, P.C.
ec:

Sara Bogardus — NYSDOH

Tara Garcia, Esq. - BMS

Anne Locke — BMS

Richard Mator — BMS

William Pufko, Esq. — BMS

Kirk Wolfgang — BMS

Robert Tyson, Esq. — Bond

Ron Arcuri, P.G. (TN, TX) — Geosyntec Consultants, Inc.

David Zell, P.G. (CA), C.Hg. (CA) — Geosyntec Consultants, Inc.
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ATTACHMENT 1
SW-846 Method 8315A



METHOD 8315A

DETERMINATION OF CARBONYL COMPOUNDS
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

1.0 SCOPE AND APPLICATION

1.1 This method provides procedures for the determination of free carbonyl compounds in
various matrices by derivatization with 2,4-dinitrophenylhydrazine (DNPH). The method utilizes high
performance liquid chromatography (HPLC) with ultraviolet/visible (UV/vis) detection to identify and
guantitate the target analytes. This method includes two procedures encompassing all aspects of
the analysis (extraction to determination of concentration). Procedure 1 is appropriate for the
analysis of aqueous, soil and waste samples and stack samples collected by Method 0011.
Procedure 2 is appropriate for the analysis of indoor air samples collected by Method 0100. The list
of target analytes differs by procedure. The appropriate procedure for each target analyte is listed
in the table below.

Compound CAS No.? Proc. 1° Proc. 2°
Acetaldehyde 75-07-0 X X
Acetone 67-64-1 X
Acrolein 107-02-8 X
Benzaldehyde 100-52-7 X
Butanal (Butyraldehyde) 123-72-8 X X
Crotonaldehyde 123-73-9 X X
Cyclohexanone 108-94-1 X

Decanal 112-31-2 X
2,5-Dimethylbenzaldehyde 5779-94-2 X
Formaldehyde 50-00-0 X X
Heptanal 111-71-7 X

Hexanal (Hexaldehyde) 66-25-1 X X
Isovaleraldehyde 590-86-3 X
Nonanal 124-19-6 X

Octanal 124-13-0 X

Pentanal (Valeraldehyde) 110-62-3 X X
Propanal (Propionaldehyde) 123-38-6 X X
m-Tolualdehyde 620-23-5 X X
o-Tolualdehyde 529-20-4 X
p-Tolualdehyde 104-87-0 X

Chemical Abstract Service Registry Number.

The two procedures have overlapping lists of target compounds that have been
evaluated using modifications of the analysis. Refer to the respective procedure number
when choosing the appropriate analysis technique for a particular compound.

1.2 Method detection limits (MDL) using procedure 1 are listed in Tables 1 and 2. Sensitivity
data for sampling and analysis by use of Method 0100 (procedure 2) are given in Table 3. The MDL
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for a specific sample may differ from the listed value, depending upon the interferences in the
sample matrix and the volume of sample used in the procedure.

1.3 The extraction procedure for solid samples is outlined in Sec. 7.1 of this method.

1.4 When this method is used to analyze unfamiliar sample matrices, compound identification
should be supported by at least one additional qualitative technique. A gas chromatograph/mass
spectrometer (GC/MS) may be used for the qualitative confirmation of results for the target analytes,
using the extract produced by this method.

1.5 This method is restricted to use by, or under the supervision of, analysts experienced in
the use of chromatography and in the interpretation of chromatograms. Each analyst must
demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD
This method contains two procedures dealing with different sample types.
2.1 Liquid and Solid Samples (Procedure 1)

2.1.1 For wastes comprised of solids, and aqueous wastes containing greater than one
percent solid material, the aqueous phase should be separated from the solid phase and
stored, according to Sec. 6.2, for possible later analysis. If necessary, the particle size of the
solids in the waste is reduced. The solid phase is extracted with a volume of fluid equal to 20
times the sample's weight. The extraction fluid employed is a function of the alkalinity of the
solid phase of the waste. A special extractor is used when volatiles are being extracted.
Following extraction, the extract is filtered through a 0.6 - 0.8 um glass fiber filter.

2.1.2 If compatible (i.e., multiple phases will not form on combination), the initial
aqueous phase of the waste is added to the aqueous extract, and these liquids are analyzed
together. If incompatible, the liquids are analyzed separately and the results are
mathematically combined to yield a volume-weighted average concentration.

2.1.3 A measured volume of aqueous sample (approx. 100 mL) or an appropriate
amount of solids extract (approx. 25 @), is buffered to pH 3 and derivatized with 2,4-
dinitrophenylhydrazine (DNPH), using either the appropriate solid-phase or a liquid-liquid
extraction technique. If the solid-phase extraction (SPE) option is used, the derivatized
compound is extracted using solid sorbent cartridges, then eluted with ethanol. If the liquid-
liquid option is used, the derivatized compound is serially extracted three (3) times with
methylene chloride. The methylene chloride extracts are concentrated using the appropriate
procedure 3500 series method and exchanged with acetonitrile prior to HPLC analysis. HPLC
conditions are described which permit the separation and measurement of various carbonyl
compounds in the extract by absorbance detection at 360 nm.

2.1.4 If formaldehyde is the only analyte of interest, the aqueous sample and/or solid
sample extract should be buffered to pH 5.0 to minimize the formation of artifact formaldehyde.

2.2 Stack Gas Samples Collected by Method 0011 (Procedure 1): The entire sample
returned to the laboratory is extracted with methylene chloride and the extract is diluted or
concentrated to a known volume. An aliquot of the methylene chloride extract is solvent exchanged
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and concentrated or diluted as necessary. HPLC conditions are described that permit the separation
and measurement of various carbonyl compounds in the extract by absorbance detection at 360 nm.

2.3 Indoor Air Samples by Method 0100 (Procedure 2): The sample cartridges are returned
to the laboratory and backflushed with acetonitrile into a 5-mL volumetric flask. The eluate is diluted
to volume with acetonitrile. Two aliquots of the acetonitrile extract are pipetted into two sample vials
having polytetrafluoroethylene (PTFE)-lined septa. HPLC conditions are described which allow for
the separation and measurement of the various carbonyl compounds in the extract by absorbance
detection at 360 nm.

3.0 INTERFERENCES

3.1 Method interferences may be caused by contaminated solvents, reagents, glassware,
and other sample processing hardware which can lead to discrete artifacts and/or elevated
chromatogram baselines. All materials should routinely demonstrate freedom from interferences
under analysis conditions by analyzing laboratory reagent blanks as described in Sec. 8.5.

3.1.1 Glassware must be scrupulously cleaned. Glassware should be rinsed as soon
as possible after use with the last solvent used. This should be followed by detergent washing
with hot water, and rinses with tap water and organic-free reagent water. After washing the
glassware should then be drained, dried, and heated in a laboratory oven at 130°C for two to
three hours before reuse. Solvent rinses with acetonitrile may be substituted for the oven
heating. After drying and cooling, glassware should be stored in a clean environment to
prevent accumulation of dust or other contaminants.

NOTE: Do not rinse glassware with acetone or methanol. These solvents react with
DNPH to form interferences.

3.1.2 The use of high purity reagents and solvents helps minimize interference.
Purification of solvents by distillation in all glass systems may be required.

3.1.3 Polyethylene gloves must be worn when handling silica gel cartridges to reduce
the possibility of contamination.

3.2 Formaldehyde contamination of the DNPH reagent is frequently encountered due to its
widespread occurrence in the environment. The DNPH reagent in Procedure 2 must be purified by
multiple recrystallizations in HPLC-grade acetonitrile. Recrystallization is accomplished, at 40 -
60°C, by slow evaporation of the solvent to maximize crystal size. The purified DNPH crystals are
stored under HPLC-grade acetonitrile. Impurity levels of carbonyl compounds in the DNPH are
determined prior to sample analysis and should be less than 25 mg/L. Refer to Appendix A for the
recrystallization procedure.

3.3 Matrix interferences may be caused by contaminants co-extracted from the sample. The
extent of matrix interferences will be source- and matrix- specific. If interferences occur in
subsequent samples, modification of the mobile phase or some additional cleanup may be
necessary.

3.4 In Procedure 1, acetaldehyde is generated during the derivatization step if ethanol is
present in the sample. This background will impair the measurement of acetaldehyde levels below
0.5 ppm (500 ppb).
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3.5 For Procedure 2, at the stated two column analysis conditions, the identification and
guantitation of butyraldehyde may be difficult due to coelution with isobutyraldehyde and methyl ethyl
ketone. Precautions should be taken and adjustment of the analysis conditions should be made to
avoid potential problems.

4.0 APPARATUS AND MATERIALS

4.1 High performance liquid chromatograph (modular).

4.1.1 Pumping system - Gradient, with constant flow control capable of 1.50 mL/min.
4.1.2 High pressure injection valve with 20-uL loop.
4.1.3 Column - 250 mm x 4.6 mm ID, 5-um patrticle size, C18 (Zorbax or equivalent).

4.1.4 Absorbance detector - 360 nm.

4.1.5 Strip-chart recorder compatible with detector - Use of a data system for
measuring peak areas and retention times is recommended.

4.1.6 Helium - for degassing mobile phase solvents (Procedures 1 and 2).

4.1.7 Mobile phase reservoirs and suction filtration apparatus - For holding and filtering
HPLC mobile phase. Filtering system should be all glass and PTFE and use a 0.22 ym
polyester membrane filter.

4.1.8 Syringes - for HPLC injection loop loading, with capacity at least four times the
loop volume.

4.2 Apparatus and materials for Procedure 1

4.2.1 Reaction vessel - 250-mL Florence flask.

4.2.2 Separatory funnel - 250-mL, with PTFE stopcock.

4.2.3 Kuderna-Danish (K-D) apparatus - See Method 3510 or other appropriate 3500
series method. (Other concentration apparatus may be employed if the laboratory can

demonstrate equivalent performance).

4.2.4 Boiling chips - Solvent-extracted with methylene chloride, approximately 10/40
mesh (silicon carbide or equivalent).

4.2.5 pH meter - Capable of measuring to 0.01 pH units.
4.2.6 Glass fiber filter paper - 1.2 um pore size (Fisher Grade G4 or equivalent).
4.2.7 Solid sorbent cartridges - Packed with 2 g C18 (Baker or equivalent).

4.2.8 Vacuum manifold - Capable of simultaneous extraction of up to 12 samples
(Supelco or equivalent).
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4.2.9 Sample reservoirs - 60-mL capacity (Supelco or equivalent).
4.2.10 Pipet - Capable of accurately delivering 0.10 mL solution.

4.2.11 Water bath - Heated, with concentric ring cover, capable of temperature control
(x 2°C). The bath should be used in a hood.

4.2.12 Sample shaker - Controlled temperature incubator (+ 2°C) with orbital shaking
(Lab-Line Orbit Environ-Shaker Model 3527 or equivalent).

4.2.13 Syringes - 5-mL, 500-pL, 100-pL, (Luer-Lok or equivalent).
4.2.14 Syringe filters - 0.45-um filtration disks (Gelman Acrodisc 4438 or equivalent).
4.3 Apparatus and materials for Procedure 2

4.3.1 Syringes - 10-mL, with Luer-Lok type adapter, used to backflush the sample
cartridges by gravity feed.

4.3.2 Syringe rack - made of an aluminum plate with adjustable legs on all four corners.
Circular holes of a diameter slightly larger than the diameter of the 10-mL syringes are drilled
through the plate to allow batch processing of cartridges for cleaning, coating, and sample
elution. A plate (0.16 x 36 x 53 cm) with 45 holes in a 5 x 9 matrix is recommended. See
Figure 2 in Method 0100.

4.4 Volumetric flasks - 5-mL, 10-mL, and 250- or 500-mL.
4.5 Vials - 10- or 25-mL, glass with PTFE-lined screw caps or crimp tops.
4.6 Balance - Analytical, capable of accurately weighing to 0.0001 g.

4.7 Glass funnels

4.8 Polyethylene gloves - used to handle silica gel cartridges.

5.0 REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests. Unless otherwise indicated,
it is intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.

5.2 Organic-free reagent water - Water in which an interferant is not observed at the method
detection limit for the compounds of interest.

5.3 Formalin - Solution of formaldehyde (CH,O) in organic-free reagent water, nominally 37.6
percent (w/w). Exact concentration will be determined for the stock solution in Sec. 5.7.1.1.

5.4 Aldehydes and ketones - analytical grade, used for preparation of DNPH derivative
standards of target analytes other than formaldehyde. Refer to the target analyte list.
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5.5 Procedure 1 reagents
5.5.1 Methylene chloride, CH,CI, - HPLC grade or equivalent.
5.5.2 Acetonitrile, CH,CN - HPLC grade or equivalent.
5.5.3 Sodium hydroxide solutions, NaOH, 1.0 N and 5 N.

5.5.4 Sodium chloride, NaCl, saturated solution - Prepare by dissolving an excess of
reagent grade solid in organic-free reagent water.

5.5.5 Sodium sulfite solution, Na,SO;, 0.1 M.

5.5.6 Sodium sulfate, Na,SO, - granular, anhydrous.

5.5.7 Citric acid, CgHgO-, 1.0 M solution.

5.5.8 Sodium citrate, C,H.Na,;0,+2H,0, 1.0 M trisodium salt dihydrate solution.
5.5.9 Acetic acid (glacial), CH,CO,H.

5.5.10 Sodium acetate, CH,CO,Na.

5.5.11 Hydrochloric acid, HCI, 0.1 N.

5.5.12 Citrate buffer, 1 M, pH 3 - Prepare by adding 80 mL of 1 M citric acid solution to
20 mL of 1 M sodium citrate solution. Mix thoroughly. Adjust pH with NaOH or HCI as needed.

5.5.13 pH 5.0 Acetate buffer (5M) - Formaldehyde analysis only. Prepared by adding 40
mL 5M acetic acid solution to 60 mL 5M sodium acetate solution. Mix thoroughly. Adjust pH
with NaOH or HCI as needed.

5.5.14 2,4-Dinitrophenylhydrazine, [2,4-(O,N),C,H;]J]NHNH, (DNPH), 70% in organic-free
reagent water (w/w). Prepare a 3.00 mg/mL solution by dissolving 428.7 mg of 70% (w/w)
DNPH solution in 100 mL of acetonitrile.

5.5.15 Extraction fluid for Procedure 1 - Dilute 64.3 mL of 1.0 N NaOH and 5.7 mL
glacial acetic acid to 900 mL with organic-free reagent water. Dilute to 1 liter with organic-free
reagent water. The pH should be 4.93 £ 0.02.

5.6 Procedure 2 reagents

5.6.1 Acetonitrile, CH,CN - HPLC grade.

5.6.2 2,4-Dinitrophenylhydrazine, C;H,N,O, (DNPH) - recrystallize at least twice with
HPLC-grade acetonitrile using procedure in Appendix A.

5.7 Stock standard solutions for Procedure 1
5.7.1 Stock formaldehyde (approximately 1000 mg/L) - Prepare by diluting an

appropriate amount of the certified or standardized formaldehyde (approximately 265 pL) to
100 mL with organic-free reagent water. If a certified formaldehyde solution is not available
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or there is any question regarding the quality of a certified solution, the solution may be
standardized using the procedure in Sec. 5.7.1.1.

5.7.1.1 Standardization of formaldehyde stock solution - Transfer a 25 mL
aliquot of a 0.1 M Na,SO, solution to a beaker and record the pH. Add a 25.0 mL aliquot
of the formaldehyde stock solution (Sec. 5.18.1) and record the pH. Titrate this mixture
back to the original pH using 0.1 N HCI. The formaldehyde concentration is calculated
using the following equation:

(30.03)(N HCIl)(mL HCI)
0.0250 L formaldehyde

Concentration (mg/L) =

where:

N HCI = Normality of HCI solution used (in milli-equivalents/mL)
(2 mmole of HCI = 1 milli-equivalent of HCI)

mL HCI = mL of standardized HCI solution used

30.03 = Molecular of weight of formaldehyde (in mg/mmole)

5.7.2 Stock aldehyde(s) and ketone(s) - Prepare by adding an appropriate amount of

the pure material to 90 mL of acetonitrile and dilute to 100 mL, to give a final concentration of
1000 mg/L.

5.8

Stock standard solutions for Procedure 2
5.8.1 Preparation of the DNPH Derivatives for HPLC analysis

5.8.1.1 To a portion of the recrystallized DNPH, add sufficient 2N HCI to obtain
an approximately saturated solution. Add to this solution the target analyte in molar
excess of the DNPH. Filter the DNPH derivative precipitate, wash it with 2N HCI, wash
it again with water, and allow it to dry in air.

5.8.1.2 Check the purity of the DNPH derivative by melting point determination
or HPLC analysis. If the impurity level is not acceptable, recrystallize the derivative in
acetonitrile. Repeat the purity check and recrystallization as necessary until 99% purity
is achieved.

5.8.2 Preparation of DNPH derivative standards and calibration standards for HPLC

analysis.

CD-ROM

5.8.2.1 Stock standard solutions - Prepare individual stock standard solutions
for each of the target analyte DNPH derivatives by dissolving accurately weighed
amounts in acetonitrile. Individual stock solutions of approximately 100 mg/L may be
prepared by dissolving 0.010 g of the solid derivative in 100 mL of acetonitrile.

5.8.2.2 Secondary dilution standard(s) - Using the individual stock standard
solutions, prepare secondary dilution standards in acetonitrile containing the DNPH
derivatives from the target analytes mixed together. Solutions of 100 ug/L may be
prepared by placing 100 pL of a 100 mg/L solution in a 100 mL volumetric flask and
diluting to the mark with acetonitrile.
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5.8.2.3 Calibration standards - Prepare a working calibration standard mix from
the secondary dilution standard, using the mixture of DNPH derivatives at concentrations
of 0.5 - 2.0 pg/L (which spans the concentration of interest for most indoor air work). The
concentration of the DNPH derivative in the standard mix solutions may need to be
adjusted to reflect relative concentration distribution in a real sample.

5.9 Standard storage - Store all standard solutions at 4°C in a glass vial with a PTFE-lined

cap, leaving minimum headspace, and in the dark. Standards should be stable for about 6 weeks.
All standards should be checked frequently for signs of degradation or evaporation, especially just
prior to preparing calibration standards from them.

6.0

5.10 Calibration standards

Prepare calibration solutions at a minimum of 5 concentrations for each analyte of
interest in organic-free reagent water (or acetonitrile for Procedure 2) from the stock standard
solution. The lowest concentration of each analyte should be at, or just above, the MDLs
listed in Tables 1 or 2. The other concentrations of the calibration curve should correspond
to the expected range of concentrations found in real samples.
SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes, Sec. 4.1.

6.2 Samples must be refrigerated at 4°C. Aqueous samples must be derivatized and

extracted within 3 days of sample collection. The holding times of leachates of solid samples should
be kept at a minimum. All derivatized sample extracts should be analyzed within 3 days after
preparation.

6.3 Samples collected by Methods 0011 or 0100 must be refrigerated at 4°C. It is

recommended that samples be extracted and analyzed within 30 days of collection.

7.0 PROCEDURE
7.1 Extraction of solid samples (Procedure 1)

7.1.1 All solid samples should be made as homogeneous as possible by stirring and
removal of sticks, rocks, and other extraneous material. When the sample is not dry,
determine the dry weight of the sample, using a representative aliquot. If particle size
reduction is necessary, proceed as per Method 1311.

7.1.1.1 Determination of dry weight - In certain cases, sample results are
desired based on a dry weight basis. When such data are desired or required, a portion
of sample for dry weight determination should be weighed out at the same time as the
portion used for analytical determination.

WARNING: The drying oven should be contained in a hood or vented.
Significant laboratory contamination may result from drying a

heavily contaminated hazardous waste sample.
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7.1.1.2 Immediately after weighing the sample for extraction, weigh 5 - 10 g of
the sample into a tared crucible. Determine the % dry weight of the sample by drying
overnight at 105°C. Allow to cool in a desiccator before weighing:

% dry weight = g of dry samplexloo
g of sample

7.1.2 Measure 25 g of solid into a 500-mL bottle with a PTFE-lined screw cap or crimp
top, and add 500 mL of extraction fluid (Sec. 5.5.15). Extract the solid by rotating the bottle
at approximately 30 rpm for 18 hours. Filter the extract through glass fiber filter paper and
store in sealed bottles at 4°C. Each mL of extract represents 0.050 g solid. Smaller quantities
of solid sample may be used with correspondingly reduced volumes of extraction fluid
maintaining the 1:20 mass to volume ratio.

7.2 Cleanup and separation (Procedure 1)

7.2.1 Cleanup procedures may not be necessary for a relatively clean sample matrix.
The cleanup procedures recommended in this method have been used for the analysis of
various sample types. |If particular samples demand the use of an alternative cleanup
procedure, the analyst must determine the elution profile and demonstrate that the recovery
of formaldehyde from a spiked sample is greater than 85%. Recovery may be lower for
samples which form emulsions.

7.2.2 If the sample is not clear, or the complexity is unknown, the entire sample should
be centrifuged at 2500 rpm for 10 minutes. Decant the supernatant liquid from the centrifuge
bottle, and filter through glass fiber filter paper into a container which can be tightly sealed.

7.3 Derivatization (Procedure 1)

7.3.1 For aqueous samples, measure an aliquot of sample which is appropriate to the
anticipated analyte concentration range (nominally 100 mL). Quantitatively transfer the sample
aliguot to the reaction vessel (Sec. 4.2).

7.3.2 For solid samples, 1 to 10 mL of extract (Sec. 7.1) will usually be required. The
amount used for a particular sample must be determined through preliminary experiments.

NOTE: In cases where the selected sample or extract volume is less than 100 mL,
the total volume of the aqueous layer should be adjusted to 100 mL with
organic-free reagent water. Record original sample volume prior to dilution.

7.3.3 Derivatization and extraction of the target analytes may be accomplished using
the liquid-solid (Sec. 7.3.4) or liquid-liquid (Sec. 7.3.5) procedures.

7.3.4 Liquid-solid derivatization and extraction

7.3.4.1 For analytes other than formaldehyde, add 4 mL of citrate buffer and
adjust the pH to 3.0 £ 0.1 with 6M HCI or 6M NaOH. Add 6 mL of DNPH reagent, seal
the container, and place in a heated (40°C), orbital shaker (Sec. 4.2.12) for 1 hour.
Adjust the agitation to produce a gentle swirling of the reaction solution.

7.3.4.2 If formaldehyde is the only analyte of interest, add 4 mL acetate buffer
and adjust pH to 5.0 £ 0.1 with 6M HCI or 6M NaOH. Add 6 mL of DNPH reagent, seal
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the container, and place in a heated (40°C), orbital shaker (Sec. 4.2.12) for 1 hour.
Adjust the agitation to produce a gentle swirling of the reaction solution.

7.3.4.3 Assemble the vacuum manifold and connect to a water aspirator or
vacuum pump. Attach a 2-g sorbent cartridge to the vacuum manifold. Condition each
cartridge by passing 10 mL dilute citrate buffer (10 mL of 1 M citrate buffer dissolved in
250 mL of organic-free reagent water) through each sorbent cartridge.

7.3.4.4 Remove the reaction vessel from the shaker immediately at the end of
the one hour reaction period and add 10 mL of saturated NaCl solution to the vessel.

7.3.4.5 Quantitatively transfer the reaction solution to the sorbent cartridge and
apply a vacuum so that the solution is drawn through the cartridge at a rate of 3 to 5
mL/min. Continue applying the vacuum for about 1 minute after the liquid sample has
passed through the cartridge.

7.3.4.6 While maintaining the vacuum conditions described in Sec. 7.3.4.4,
elute each cartridge train with approximately 9 mL of acetonitrile directly into a 10 mL
volumetric flask. Dilute the solution to volume with acetonitrile, mix thoroughly, and place
in a tightly sealed vial until analyzed.

NOTE: Because this method uses an excess of DNPH, the cartridges will
remain a yellow color after completion of Sec. 7.3.4.5. The presence
of this color is not indicative of the loss of the analyte derivatives.

7.3.5 Liquid-liquid derivatization and extraction

7.3.5.1 For analytes other than formaldehyde, add 4 mL of citrate buffer and
adjust the pH to 3.0 £ 0.1 with 6M HCI or 6M NaOH. Add 6 mL of DNPH reagent, seal
the container, and place in a heated (40°C), orbital shaker for 1 hour. Adjust the
agitation to produce a gentle swirling of the reaction solution.

7.3.5.2 If formaldehyde is the only analyte of interest, add 4 mL acetate buffer
and adjust pH to 5.0 £ 0.1 with 6M HCI or 6M NaOH. Add 6 mL of DNPH reagent, seal
the container, and place in a heated (40°C), orbital shaker for 1 hour. Adjust the
agitation to produce a gentle swirling of the reaction solution.

7.3.5.3 Serially extract the solution with three 20 mL portions of methylene
chloride using a 250 mL separatory funnel. If an emulsion forms upon extraction, remove
the entire emulsion and centrifuge at 2000 rpm for 10 minutes. Separate the layers and
proceed with the next extraction. Combine the methylene chloride layers in a 125-mL
Erlenmeyer flask containing 5.0 grams of anhydrous sodium sulfate. Swirl contents to
complete the extract drying process.

7.3.5.4 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporator flask. See Sec. 4.0 of Method 3510. Pour the
extract into the evaporator flask being careful to minimize transfer of sodium sulfate
granules. Wash the Erlenmeyer flask with 30 mL of methylene chloride and add wash
to the evaporator flask to complete quantitative transfer.
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7.4
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7.3.5.5 Concentrate the extract to a final volume of 5 mL, using the K-D
techniques, as described in Method 3510. Exchange the solvent to acetonitrile prior to
analysis.

Extraction of samples from Methods 0011 and 0100 (Procedures 1 and 2)
7.4.1 Stack gas samples collected by Method 0011 (Procedure 1)

7.4.1.1 Measure the volume of the aqueous phase of the sample prior to
extraction (for moisture determination when the volume was not measured in the field).
Pour the sample into a separatory funnel and drain the methylene chloride into a
volumetric flask.

7.4.1.2 Extract the aqueous solution with two or three aliquots of methylene
chloride. Add the methylene chloride extracts to the volumetric flask.

7.4.1.3 Fill the volumetric flask to the line with methylene chloride. Mix well and
remove an aliquot.

7.4.1.4 If high concentrations of formaldehyde are present, the extract can be
diluted with mobile phase, otherwise the extract solvent must be exchanged as described
in Sec. 7.3.5.5. If low concentrations of formaldehyde are present, the sample should
be concentrated during the solvent exchange procedure.

7.4.1.5 Store the sample at 4°C. If the extract will be stored longer than two
days, it should be transferred to a vial with a PTFE-lined screw cap, or a crimp top with
a PTFE-lined septum. Proceed with HPLC chromatographic analysis if further cleanup
is not required.

7.4.2 Ambient air samples collected by Method 0100 (Procedure 2)

7.4.2.1 The samples will be received by the laboratory in a friction-top can
containing 2 - 5 cm of granular charcoal, and should be stored in this can, in a
refrigerator, until analysis. Alternatively, the samples may also be stored alone in their
individual glass containers. The time between sampling and analysis should not exceed
30 days.

7.4.2.2 Remove the sample cartridge from the labeled culture tube. Connect
the sample cartridge (outlet or long end during sampling) to a clean syringe.

NOTE: The liquid flow during desorption should be in the opposite direction
from the air flow during sample collection (i.e, backflush the cartridge).

7.4.2.3 Place the cartridge/syringe in the syringe rack.

7.4.2.4 Backflush the cartridge (gravity feed) by passing 6 mL of acetonitrile
from the syringe through the cartridge to a graduated test tube, or to a 5-mL volumetric
flask.

NOTE: A dry cartridge has an acetonitrile holdup volume slightly greater than
1 mL. The eluate flow may stop before the acetonitrile in the syringe is
completely drained into the cartridge because of air trapped between
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the cartridge filter and the syringe Luer-Lok tip. If this happens,
displace the trapped air with the acetonitrile in the syringe using a long-
tip disposable Pasteur pipet.

7.4.2.5 Dilute to the 5 mL mark with acetonitrile. Label the flask with sample
identification. Pipet two aliquots into sample vials having PTFE-lined septa.

7.4.2.6 Store the sample at 4°C. Proceed with HPLC chromatographic analysis
of the first aliquot if further cleanup is not required. Store the second aliquot in the
refrigerator until the results of the first aliquot analysis are complete and validated. The
second aliguot can be used for confirmatory analysis, if necessary.

7.5 Recommended chromatographic conditions

7.5.1 Procedure 1 - For aqueous samples, soil or waste samples, and stack gas
samples collected by Method 0011.

Column: C18, 4.6 mm x 250 mm ID, 5 um particle size
Mobile Phase Gradient: 70/30 acetonitrile/water (v/v), hold for 20 min.

70/30 acetonitrile/water to 100% acetonitrile in 15 min.
100% acetonitrile for 15 min.

Flow Rate: 1.2 mL/min
Detector: Ultraviolet, operated at 360 nm
Injection Volume: 20 yL

7.5.2 Procedure 2 - For ambient air samples collected by Method 0100.

Column: Two HPLC columns, 4.6 mm x 250 mm ID, (Zorbax ODS, or
equivalent) in series

Mobile Phase Gradient: 60/40 CH,CN/H,0, hold for 0 min.
60/40 to 75/25 CH,CN/H,0, linearly in 30 min.
75/25 to 100% CH,CN, linearly in 20 min.
100% CH,CN for 5 minutes.
100% to 60/40 CH,CN/H,0, linearly in 1 min.
60/40 CH,CN/H,0O for 15 minutes.

Detector: Ultraviolet, operated at 360 nm
Flow Rate: 1.0 mL/min
Sample Injection volume: 25 uL (suggested)

NOTE: Analysts are advised to adjust their HPLC systems to optimize
chromatographic conditions for their particular analytical needs. The
separation of acrolein, acetone, and propionaldehyde should be a minimum
criterion of the optimization in Procedure 2.
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7.5.3 Filter and degas the mobile phase to remove dissolved gasses, using the
following procedure:

7.5.3.1 Filter each solvent (water and acetonitrile) through a 0.22 um polyester
membrane filter, in an all glass and PTFE suction filtration apparatus.

7.5.3.2 Degas each filtered solution by purging with helium for 10 - 15 minutes
(100 mL/min) or by heating to 60°C for 5 - 10 minutes in an Erlenmeyer flask covered
with a watch glass. A constant back pressure restrictor (350 kPa) or 15 - 30 cm of 0.25
mm ID PTFE tubing should be placed after the detector to eliminate further mobile phase
outgassing.

7.5.3.3 Place the mobile phase components in their respective HPLC solvent
reservoirs, and program the gradient system according to the conditions listed in Sec.
7.5.2. Allow the system to pump for 20 - 30 minutes at a flow rate of 1.0 mL/min with the
initial solvent mixture ratio (60%/40% CH,CN/H,0). Display the detector output on a strip
chart recorder or similar output device to establish a stable baseline.

7.6 Calibration

7.6.1 Establish liquid chromatographic operating conditions to produce a retention time
similar to that indicated in Table 1 for the liquid-solid derivatization and extraction or in Table
2 for liquid-liquid derivatization and extraction. For determination of retention time windows,
see Sec. 7.5 of Method 8000. Suggested chromatographic conditions are provided in Sec. 7.5.

7.6.2 Process each calibration standard solution through derivatization and extraction,
using the same procedure employed for sample processing (Secs. 7.3.4 or 7.3.5).

7.6.3 Analyze a solvent blank to ensure that the system is clean and interference free.

NOTE: The samples and standards must be allowed to come to ambient temperature
before analysis.

7.6.4 Analyze each processed calibration standard using the chromatographic
conditions listed in Sec. 7.5, and tabulate peak area against calibration solution concentration
in ug/L.

7.6.5 Tabulate the peak area along with standard concentration injected to determine
the calibration factor (CF) for the analyte at each concentration (see Sec. 7.8.1 for equations).
The percent relative standard deviation (%RSD) of the mean CF of the calibration standards
should be < 20 percent or a system check will have to be performed. If a calibration check
after the system check does not meet the criteria, a recalibration will have to be performed.
If the recalibration does not meet the established criteria, new calibration standards must be
made.

7.6.6 The working calibration curve must be verified each day, before and after
analyses are performed, by analyzing one or more calibration standards. The calibration factor
obtained should fall within £ 15 percent of the initially established calibration factor or a system
check will have to be performed. If a calibration check after the system check does not meet
the criteria, the system must be recalibrated.
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7.6.7 After 10 sample runs, or less, one of the calibration standards must be reanalyzed
to ensure that the DNPH derivative calibration factors remain within £ 15% of the original
calibration factors.

7.7 Sample analysis

7.7.1 Analyze samples by HPLC, using conditions established in Sec. 7.5. For
Procedure 1 analytes, Tables 1 and 2 list the retention times and MDLs that were obtained
under these conditions. For Procedure 2 analytes, refer to Figure 3 for the sample
chromatogram.

7.7.2 If the peak area exceeds the linear range of the calibration curve, a smaller
sample injection volume should be used. Alternatively, the final solution may be diluted with
acetonitrile and reanalyzed.

7.7.3 After elution of the target analytes, calculate the concentration of analytes found
in the samples using the equations found in Sec. 7.8 or the specific sampling method used.

7.7.4 If the peak area measurement is prevented by the presence of observed
interferences, further cleanup is required.

7.8 Calculations

7.8.1 Calculate each calibration factor, mean calibration factor, standard deviation,and
percent relative standard deviation as follows:

Peak Area of the Compound in the Standard

CF =
Concentration of the Compound Injected (in ug/L)
> CF,
mean CF = CF = 22
n —
Y (CF,-CF)
sp- |2 RSD - 32 x 100
n-1 CF
where:
CEF = Mean calibration factor using the 5 calibration concentrations.
CF, = Calibration factor for calibration standard i (i = 1-5).
RSD = Relative standard deviation of the calibration factors.
n = Number of calibration standards.

7.8.2 Calculate the concentrations in liquid samples as follows:

(Area of sample peak) x 100

Concentration of aldehydes (pg/L) = —
CF x V,
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where:
CF Mean calibration factor the analyte.
V, Number of mL of sample (unitless).

7.8.3 Calculate the concentration in solid samples as follows:

Concentration of aldehydes (pg/g) = (Area of Sﬂple peak) x 100
CF x V

where:

= Mean calibration factor the analyte.
o = Number of mL extraction fluid aliquot (unitless).

7.8.4 Calculate the concentration of formaldehyde in stack gas samples (Method 0011)
as follows: (Procedure 1)

7.8.4.1 Calculation of total formaldehyde

To determine the total formaldehyde in mg, use the following equation:

Total mg formaldehyde = C, x V x DF x (g/mole formaldehydg) x 1073 L/mL
(g/mole DNPH derivative)

where:

C, measured concentration of DNPH-formaldehyde derivative, mg/L
V = organic extract volume, mL
DF dilution factor

7.8.4.2 Formaldehyde concentration in stack gas

Determine the formaldehyde concentration in the stack gas using the following

equation:
C, in mg/m? - K x (total formaldehyde in mg)
Vin(sta)
where:
K = 35.31 ft¥m?, if V, ) is expressed in English units

1.00 m*m?®, if V) is expressed in metric units
volume of gas sample as measured by dry gas meter, corrected
to standard conditions, dscm (dscf)

Vm(std)
7.8.5 Calculation of the concentration of formaldehyde and other carbonyls from indoor
air sampling by Method 0100. (Procedure 2)

7.8.5.1 The concentration of target analyte "a," in air at standard conditions
(25°C and 101.3 kPa), Conc, in ng/L, may be calculated using the following equation:
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(Area,)(Vol )(MW,)(1000 ng/ug) y

Conc, 4 in nNg/L = — DF
' (RF)(MW )(V1oistg )(1000 mL/L)
where:
Area, = Area of the sample peak for analyte "a"
CF = Mean calibration factor for analyte "a" from the calibration
in po/L. (See Sec. 7.8.1)
Vol, = Total volume of the sample cartridge eluate (mL)
MW, = Molecular weight of analyte "a" in g/mole
MW, = Molecular weight of the DNPH derivative of analyte "a" in
g/mole
Viqsa = Total volume of air sampled converted to standard
conditions in liters (L). (To calculate the concentration at
sampling conditions use V,,.) (See Sec. 9.0 of Method
0100)
DF = Dilution Factor for the sample cartridge eluate, if any. If

there is no dilution, DF = 1

7.8.5.2 The target analyte "a" concentration at standard conditions may be
converted to parts per billion by volume, Conc, in ppbv, using the following equation:

Conc 224
Conc, in ppbv = ( asu )(224)
(MW,)
where:
Conc,,y = Concentration of "a," at standard conditions, in ng/L
224 = Ideal gas law volume (22.4 nL of gas = 1 nmole, at standard
conditions)

MW, = Molecular weight of analyte "a" in g/mole (or ng/nmole)

8.0 QUALITY CONTROL

8.1 Refer to Chapter One and Method 8000 for specific quality control (QC) procedures.
Each laboratory should maintain a formal quality assurance program. The laboratory should also
maintain records to document the quality of the data generated.

8.2 Quality control procedures necessary to evaluate the HPLC system operation are found
in Method 8000, Sec. 7.0 and include evaluation of retention time windows, calibration verification
and chromatographic analysis of samples.

8.3 Initial Demonstration of Proficiency - Each laboratory must demonstrate initial proficiency
with each sample preparation and determinative method combination it utilizes, by generating data
of acceptable accuracy and precision for target analytes in a clean matrix. The laboratory must also
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repeat the following operations whenever new staff are trained or significant changes in
instrumentation are made. See Method 8000, Sec. 8.0 for information on how to accomplish this
demonstration.

8.4 Sample Quality Control for Preparation and Analysis - The laboratory must also have
procedures for documenting the effect of the matrix on method performance (precision, accuracy,
and detection limit). At a minimum, this includes the analysis of QC samples including a method
blank, a matrix spike, a duplicate, and a laboratory control sample (LCS) in each analytical batch.

8.4.1 Documenting the effect of the matrix should include the analysis of at least one
matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike duplicate pair.
The decision on whether to prepare and analyze duplicate samples or a matrix spike/matrix
spike duplicate must be based on a knowledge of the samples in the sample batch. If samples
are expected to contain target analytes, then laboratories may use one matrix spike and a
duplicate analysis of an unspiked field sample. If samples are not expected to contain target
analytes, laboratories should use a matrix spike and matrix spike duplicate pair. Each batch
of samples collected by Method 0011 will include a sample for use as a Matrix Spike Sample.
Because of the high cost of obtaining Method 0011 samples and the inadvisability of splitting
the samples, it will be acceptable to use the average value of the other samples in the batch
in place of analysis of an additional unspiked matrix duplicate.

8.4.2 A Laboratory Control Sample (LCS) should be included with each analytical batch.
The LCS consists of an aliquot of a clean (control) matrix similar to the sample matrix and of
the same weight or volume. The LCS is spiked with the same analytes at the same
concentrations as the matrix spike. When the results of the matrix spike analysis indicate a
potential problem due to the sample matrix itself, the LCS results are used to verify that the
laboratory can perform the analysis in a clean matrix.

8.4.3 Refer to Table 4 for QC acceptance limits derived from the interlaboratory method
validation study on Method 8315.

8.4.4 See Method 8000, Sec. 8.0 for the details on carrying out sample quality control
procedures for preparation and analysis.

8.5 Itis recommended that the laboratory adopt additional quality assurance practices for use
with this method. The specific practices that are most productive depend upon the needs of the
laboratory and the nature of the samples. Whenever possible, the laboratory should analyze
standard reference materials and participate in relevant performance evaluation studies.

9.0 METHOD PERFORMANCE

9.1 The MDLs for Procedure 1 listed in Table 1 were obtained using organic-free reagent
water and liquid-solid extraction. The MDLs for Procedure 1 listed in Table 2 were obtained using
organic-free reagent water and methylene chloride extraction. Results reported in Tables 1 and 2
were achieved using fortified reagent water volumes of 100 mL. Lower detection limits may be
obtained using larger sample volumes.

9.1.1 Procedure 1 of this method has been tested for linearity of recovery from spiked
organic-free reagent water and has been demonstrated to be applicable over the range 50-
1000 pg/L .
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9.1.2 To generate the MDL and precision and accuracy data reported in this section,
analytes were segregated into two spiking groups, A and B. Chromatograms using liquid-solid
and liquid-liquid extraction are presented in Figures 1 (a and b) and 2 (a and b), respectively.

9.2 The sensitivity of Procedure 2 sampling (Method 0100) and analysis is listed in Table 3.

9.3 Method 8315, Procedure 1, was tested by 12 laboratories using organic-free reagent
water and ground waters spiked at six concentrations over the range 30-2200 ug/L. Method
accuracy and precision were found to be directly related to the concentration of the analyte and
independent of the sample matrix. Mean recovery weighted linear regression equations, calculated
as a function of spike concentration, as well as overall and single-analyst precision regression
equations, calculated as functions of mean recovery, are presented in Table 5. These equations can
be used to estimate mean recovery and precision at any concentration value within the range tested.

10.0 REFERENCES

1. "OSHA Safety and Health Standards, General Industry” (29 CFR 1910). Occupational Safety
and Health Administration (OSHA) (Revised, January 1976).

11.0 SAFETY

11.1 The toxicity or carcinogenicity of each reagent used in this method has not been precisely
defined; however, each chemical compound should be treated as a potential health hazard. From
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. The laboratory is responsible for maintaining a current awareness file
of OSHA regulations regarding the safe handling of the chemicals specified in this method. A
reference file of material safety data sheets should also be made available to all personnel involved
in the chemical analysis. Additional references to laboratory safety are available.

11.2 Formaldehyde has been tentatively classified as a known or suspected, human or
mammalian carcinogen.
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TABLE 1

PROCEDURE 1 - METHOD DETECTION LIMITS? USING
LIQUID-SOLID EXTRACTION

Retention Time MDL
Analyte (minutes) (ng/L)?
Formaldehyde 5.3 6.2
Acetaldehyde 7.4 43.7°
Propanal 11.7 11.0
Crotonaldehyde 16.1 5.9
Butanal 18.1 6.3
Cyclohexanone 27.6 5.8
Pentanal 28.4 15.3
Hexanal 34.1 10.7
Heptanal 35.0 10.0
Octanal 40.1 6.9
Nonanal 40.4 13.6
Decanal 44.1 4.4

& The method detection limit (MDL) is defined in Chapter One. With the exception of acetaldehyde,
all reported MDLs are based upon analyses of 6 to 8 replicate blanks spiked at 25 pg/L.

® The reported MDL is based upon analyses of three replicate blanks fortified at 250 pg/L.
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TABLE 2

PROCEDURE 1 - METHOD DETECTION LIMITS? USING
LIQUID-LIQUID EXTRACTION

Retention Time MDL
Analyte (minutes) (ng/L)?
Formaldehyde 5.3 23.2
Acetaldehyde 7.4 110.2°
Propanal 11.7 8.4
Crotonaldehyde 16.1 5.9
Butanal 18.1 7.8
Cyclohexanone 27.6 6.9
Pentanal 28.4 13.4
Hexanal 34.1 12.4
Heptanal 35.0 6.6
Octanal 40.1 9.9
Nonanal 40.4 7.4
Decanal 44.1 13.1

& The method detection limit (MDL) is defined in Chapter One. With the exception of acetaldehyde,
all reported MDLs are based upon analyses of 6 to 8 replicate blanks spiked at 25 pg/L.

® The reported MDL is based upon analyses of three replicate blanks fortified at 250 pg/L.
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TABLE 3

PROCEDURE 2 - SENSITIVITY (ppb, v/v) OF SAMPLING AND ANALYSIS FOR
CARBONYL COMPOUNDS IN AMBIENT AIR USING AN ADSORBENT CARTRIDGE

FOLLOWED BY GRADIENT HPLC*

Sample Volume (L)°

Compound 10 20 30 40 50 100 200 300 400 500
Acetaldehyde 136 068 045 0.34 0.27 0.14 0.07 0.05 0.03 0.03
Acetone 128 064 043 032 026 0.13 0.06 0.04 0.03 0.03
Acrolein 129 065 043 032 026 0.13 0.06 0.04 0.03 0.03
Benzaldehyde 1.07 053 036 0.27 021 011 0.05 0.04 0.03 0.02
Butyraldehyde 121 061 040 030 0.24 0.12 0.06 0.04 0.03 0.02
Crotonaldehyde 122 061 041 031 0.24 0.12 0.06 0.04 0.03 0.02
2,5-Dimethyl-

benzaldehyde 097 049 032 024 019 0.10 0.05 0.03 0.02 0.02
Formaldehyde 145 073 048 036 029 0.15 0.07 0.05 0.04 0.03
Hexanal 1.09 055 036 0.27 022 0.11 0.05 0.04 0.03 0.02
Isovaleraldehyde 1.15 057 038 029 023 0.11 0.06 0.04 0.03 0.02
Propionaldehyde 128 064 043 032 026 0.13 0.06 0.04 0.03 0.03
m-Tolualdehyde 1.02 051 034 025 0.20 0.10 0.05 0.03 0.03 0.02
o-Tolualdehyde 102 051 034 025 020 0.10 0.05 0.03 0.03 0.02
p-Tolualdehyde 102 051 034 025 020 0.10 0.05 0.03 0.03 0.02
Valeraldehyde 1.15 057 038 029 023 0.11 0.06 0.04 0.03 0.02

& The ppb values are measured at 1 atm and 25°C. The sample cartridge is eluted with 5 mL
acetonitrile and 25 pL is injected into the HPLC. The maximum sampling flow through a DNPH-
coated Sep-PAK is about 1.5 L/minute.

b A sample volume of 1000 L was also analyzed. The results show a sensitivity of 0.01 ppb for all

the target analytes.
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TABLE 4

MULTILABORATORY PERFORMANCE DATA

Spike Acceptance
Analyte Concentration® xP Sg° Limits, %9
Formaldehyde 160 154 30.5 39 -153
Propanal 160 148 224 50 -134
Crotonaldehyde 160 160 34.8 35 -165
Butanal 160 151 22.7 52 -137
Cyclohexanone 160 169 39.2 32 -179
Hexanal 160 151 34.6 30 -159
Octanal 160 145 40.1 15 -166
Decanal 160 153 40.0 21 -171

a

Spike concentration, pg/L.

Mean recovery calculated using the organic-free reagent water, mean recovery, linear regression
equation, pg/L.

Overall standard deviation calculated using the organic-free reagent water, overall standard
deviation linear regression equation, ug/L.

99% confidence limits calculated as (x + 3S;)100/spike concentration.
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TABLE 5

WEIGHTED LINEAR REGRESSION EQUATIONS FOR MEAN RECOVERY
AND PRECISION (ug/L)

Applicable Organic-free Ground Water

Analyte Conc. Range Reagent Water

Formaldehyde 39.2 - 2450 X 0.909C + 8.79 0.870C + 14.84
Sk 0.185X + 1.98% 0.177X + 13.85
S, 0.093X + 5.79 0.108X + 6.24

Propanal 31.9 - 2000 X 0.858C + 10.49 0.892C + 22.22
Sk 0.140X + 1.63 0.180X + 12.37
S, 0.056X + 2.76 0.146X + 2.08%

Crotonaldehyde 32.4 - 2030 X 0.975C + 4.36 0.971C + 2.94
Sk 0.185X + 5.15 0.157X + 6.09
S, 0.096X + 1.85 0.119X - 2.27

Butanal 35.4 - 2220 X 0.902C + 6.65 0.925C +12.71
Sk 0.149X + 0.21 0.140X + 6.89
S, 0.086X - 0.71 0.108X - 1.63%

Cyclohexanone 31.6 -1970 X 0.962C + 14.97 0.946C + 28.95
Sk 0.204X + 4.73% 0.345X + 5.02
S, 0.187X + 3.46 0.123X + 7.64

Hexanal 34.1- 2130 X 0.844C + 15.81 0.926C + 9.16
Sk 0.169X + 9.07 0.132X + 8.31
S, 0.098X + 0.37°2 0.074X - 0.40°%

Octanal 32.9 - 2050 X 0.856C + 7.88 0.914C + 13.09
Sk 0.200X + 11.17 0.097X + 12.41
S, 0.092X + 1.71% 0.039X + 1.14

Decanal 33.2-2080 X 0.883C + 12.00 0.908C + 6.46
Sk 0.225X + 5.52 0.153X + 2.23
S, 0.088X + 2.28% 0.052X + 0.37

& Variance is not constant over concentration range.

X Mean recovery, ug/L, exclusive of outliers.

sg Overall standard deviation, pg/L, exclusive of outliers.

s, Single-analyst standard deviation, pg/L, exclusive of outliers.
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FIGURE la

PROCEDURE 1
LIQUID-SOLID PROCEDURAL STANDARD OF GROUP A ANALYTES AT 625 pg/L
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FIGURE 1b

PROCEDURE 1
LIQUID-SOLID PROCEDURAL STANDARD OF GROUP B ANALYTES AT 625 pg/L

&
$
-7.90

¥ ' L L) 1 " v L 1 4 ]’ v ¥ L] ' ¥ L | I
‘.oo zl“ 30°° “oo
x 40 minutes
Retention Time (min) Analyte Derivative
7.50 Acetaldehyde
16.68 Crotonaldehyde
26.88 Pentanal
32.53 Hexanal
40.36 Octanal
45.49 Decanal
CD-ROM 8315A - 25 Revision 1

December 1996



FIGURE 2a

PROCEDURE 1
LIQUID-LIQUID PROCEDURAL STANDARD OF GROUP A ANALYTES AT 625 pg/L
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FIGURE 2b

PROCEDURE 1
LIQUID-LIQUID PROCEDURAL STANDARD OF GROUP B ANALYTES AT 625 pg/L
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FIGURE 3

PROCEDURE 2

CHROMATOGRAPHIC SEPARATION OF THE DNPH DERIVATIVES OF
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METHOD 8315A

DETERMINATION OF CARBONYL COMPOUNDS

BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

Ambient Air (Option 2)

7.0 What is
the sample

A ol

7.1.1 - 7.1.1.1
Homogenize sample
and determine dry
weight.

Solid

Stack Gas (Option 1)
»

matrix?

Media (Option 1)

7.0 Is media

h 4

7.1.2 Extract
sample for 18
hours: filter and

solid or
aqueous?

Aqueous

Is sample

store extract.

7.3.2 Measure 1-10 mL
extract; adjust

Solid Extract

>

volume to 100 mt
with water.

clear or sample No
complexity
known?
7.3.11s
media solid Aqueous
extract or —_—P

aqueous?

7.2.2 Centrifuge sample
at 2500 rpm for 10
minutes; decant
and filter.

7.3.1 Measure
aliquot of sample;
adjust volume to

100 mbL with water.

CD-ROM

7.3.5.5 Exchange
solvent to methanol. [«
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METHOD 8315A

continued

7422-7423
Connect sample cartridge
to clean syringe and
place in syringe rack

'

7.4.2.4 Backfiush
cartridge with
acetonitrile

7.4.2.4 Displace
trapped air with
acetonitrile in
syringe using a long-tip
disposable Pasteur pipet

7.4.25Diuteto 5
mL with acetonitriie;
label flask; pipet 2
aliquots into

sample vials

l

7.4.26 Store
sample at 4C
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METHOD 8315A

continued

7.4.1.1 Measure volume
of aqueous phase of
sample; pour sample into
separatory funnel and
drain methylene chloride
{from Method 0011} into
volumetric flask.

v

7.4.1.2 Extract agueous
solution with methylene
chloride; add methylene
chloride extracts to
volumetric flask.

:

7.4.1.3 Dilute to volume
with methylene chloride;
mix well; remove
aliquot.

7.4.1.4 Exchange
solvent with
methanol
asin 7.3.5.5.

7.4.1.5 Store
sample at 4°C.

CD-ROM

7.4.1.4
Does sample
have a high
concentration
of formal-
dehyde?

7.4.1.4 Dilute
extract with
mobile phase.

7.4.1.4
Does sample
have a low
concentration of
formalde-
hyde?

Yes

7.4.1.4 Concentrate
extract during
solvent exchange
process.
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METHOD 8315A
continued

. 7.5.1 SetLC
7.5.2 Set LC conditions | Option 2 7'15‘1 ca""L"g" conditions to produce
to produce appropriate ore 9 appropriate retention
retention times conditions? times
7.5.2.1 Fiiter and 7.6.2 Process calibration

degas mobile phase R szandf-:rds through same s
processing steps as samples

l

763-764
Analyze solvent blank
and calibration standards;
tabulate peak areas

!

7.6.5 Determine response
factor at each concentration

7.6.5
Does
calibration
check meet
criteria?

7.6.5 Recalibrate

Yes 765
Does
- Yes calibration
check meet

criteria?

7.6.5 Prepare new

calibration
standards
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METHOD 8315A
continued

7.6.6 - 7.6.7 Verify
calibration curve every day;
reanalyze 1 calibration
standard after 10
sample runs or less

!

) 7.7 Analyze samples
by HPLC

7.7.2
Does peak
area exceed
calibration
curve?

7.7.2 inject a smaller
volume or dilute sampie

7.7.4 Further
cleanup is required

7.8.1 Calculate each
response factor, mean
response factor, and
percent RSD

78.2-785
Calculate analyte
concentrations
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APPENDIX A

RECRYSTALLIZATION OF 2,4-DINITROPHENYLHYDRAZINE (DNPH)

NOTE: This procedure should be performed in a properly ventilated hood. Inhalation of
acetonitrile can result in nose and throat irritation (brief exposure at 500 ppm) or more
serious effects at higher concentration and/or longer exposures.

A.1 Prepare a saturated solution of DNPH by boiling excess DNPH in 200 mL of acetonitrile
for approximately 1 hour.

A.2 After 1 hour, remove and transfer the supernatant to a covered beaker on a hot plate
and allow gradual cooling to 40 to 60°C. Maintain this temperature range until 95% of the solvent
has evaporated, leaving crystals.

A.3 Decant the solution to waste and rinse the remaining crystals twice with three times
their apparent volume of acetonitrile.

A.4  Transfer the crystals to a clean beaker, add 200 mL of acetonitrile, heat to boiling, and
again let the crystals grow slowly at 40 to 60°C until 95% of the solvent has evaporated. Repeat the
rinsing process as in Sec. A.3.

A.5 Take an aliquot of the second rinse, dilute 10 times with acetonitrile, acidify with 1 mL
of 3.8 M perchloric acid per 100 mL of DNPH solution, and analyze with HPLC as in Sec. 7.0 for
Procedure 2. An acceptable impurity level is less than 0.025 ng/uL of formaldehyde in recrystallized
DNPH reagent or below the sensitivity (ppb, v/v) level indicated in Table 3 for the anticipated sample
volume.

A.6 If the impurity level is not satisfactory, pipet off the solution to waste, repeat the
recrystallization as in Sec. A.4 but rinse with two 25 mL portions of acetonitrile. Prep and analyze
the second rinse as in Sec. A.5.

A.7  When the impurity level is satisfactory, place the crystals in an all-glass reagent bottle,
add another 25 mL of acetonitrile, stopper, and shake the bottle. Use clean pipets when removing
the saturated DNPH stock solution to reduce the possibility of contamination of the solution.
Maintain only a minimum volume of the saturated solution adequate for day to day operation to
minimize waste of the purified reagent.
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ATTACHMENT 2
Description of Gene-Trac® NGS
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NGS Microbial Community Characterization
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g__ Perlucidibaca
g__Acinetobacter
o__Spirobacillales
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g__Janthinobacterium
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p__Proteobacteria
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g__ Streptococcus
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Unclassified

Heat maps and other graphical outputs in Gene-Trac®
NGS reports provide easy to interpret visualization of
microbial community profiles

Contact SIREM for a quotation or
more information on Gene-Trac®
tests for microbial community
quantification and characterization.

toll free: 1-866-251-1747
phone: (519) 822-2265

(] siremlab.com
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Gene-Trac® NGS uses leading edge next generation sequencing technology to achieve
comprehensive microbial community characterization. Gene-Trac® NGS provides cost-effective
insights into community function and dynamics which are simply not possible with gPCR
methods that target specific microorganisms. Gene-Trac® NGS is ideal to gain insight into
complex microbial systems including bioremediation sites, wastewater treatment systems
and landfills to improve understanding and management of these systems.

Use Gene-Trac® NGS to:

¢ Understand dominant, and potential, microbial processes.

 Visualize microbial community spatial and temporal variability.

¢ Determine the impact of e donors, nutrients, pH buffers, bioaugmentation, etc.
¢ |dentify inhibitory conditions and challenging site locations.

* Make informed decisions to manage bioremediation & other microbial systems.:

Data Analysis to Leverage the Power of NGS

The complexity of NGS data means effective analysis, visualization and interpretation are
essential to get the most out of this technology. SIREM, in collaboration with our research
partners, has the in-depth knowledge and customized outputs required to effectively analyze
and report NGS data sets using:

¢ Cluster analysis, interactive pie charts and heat maps to relate and characterize
microbial communities.

¢ Functional analysis that provides easy to interpret plots of key microbial processes.

* Multivariate statistical methods to correlate metadata (e.g., remediation site parameters)
to clarify factors driving microbial community composition.
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: a SIREM Knoxville
p——— SI REM 180A Market Place Boulevard
Knoxville, TN, 37922

Leading Science - Lasting Solutions

GROUNDWATER SAMPLE COLLECTION AND SHIPPING FOR GENE-TRAC® ANALYSIS

This document provides sampling and shipping instructions for Gene-Trac® quantitative polymerase
chain reaction (qPCR) (e.g., Gene-Trac® Dhc or FGA analysis) and Gene-Trac® next generation
sequencing (NGS) tests performed on groundwater.

Sample Collection Methods: There are two groundwater sampling methods for Gene-Trac®:

e Method A: conventional groundwater sample collection; and
¢ Method B: field filtration (i.e., groundwater solids collected on a filter).

Both methods yield equivalent results; however, shipping charges for the field filters will be lower due to
reduced size and weight of the samples retuned to the lab.

Ordering Sampling Supplies: SIREM is pleased to provide
sampling supplies (containers or filters, coolers, ice packs
upon request) free of charge. Note: Please provide 7 days
advance notice for this service, otherwise a $50 shipping
surcharge may apply. Please contact Ximena Druar 519-515-
0838 / xdruar@siremlab.com or use our online sample kit
order portal http://www.siremlab.com/sampling-supply-form
to order sampling supplies.

Figure 1: Gene-Trac samples can be provided as
either 1 L Wide mouth (HDPE) bottles (left) or
Sterivex® filters (right). Each filter is provided
in an outer storage tube that contains the filter,
a screw cap and a sample label

Table 1: Sample Requirements for Gene-Trac® qPCR Testing and NGS Analysis

Method A: Groundwater Method B: Field

Sample Filtration Hold Time
. One -Sterivex® filter
Gene-Trac® qPCR One-1L Wide mouth . o
with up to 1 L water 7 days at 4°C
Tests (e.g., Dhc/FGA) Nalgene B SR s
. Two-Sterivex® filters
Gene-Trac® NGS Two—lll\.le\]llvlggemouth with up to 1 L water 7 days at 4°C
g passed through

geneYtrac | siemiab.com
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Collecting Samples

For all Gene-Trac® (QPCR) tests, only one bottle or filter is required per sample. Please note that for next
generation sequencing (NGS) analysis duplicate samples are required to provide sufficient biomass for
analysis (SeeTable 1)

Groundwater Purging: Prior to groundwater sample collection, sampling points should be purged using
industry-accepted well purging protocols to obtain representative groundwater. Note: turbidity in
groundwater samples is not a concern.

Method A: Conventional Groundwater Samples in 1 Liter Bottles

Following purging, 1-liter (L) groundwater samples are collected in large mouth 1L high-density
polyethylene (HDPE) bottles (e.g., Nalgene or equivalent) with minimal headspace. No preservatives
are required; samples should be stored and shipped at 4°C on blue or double bagged wet ice. The hold
time is 7 days.

Method B: Field Filtration

1) Following ground water purging, remove Sterivex filter from storage
container and insert luer-lock adapter (white barbed fitting) into pump
effluent tubing (1/47-5/16” inside diameter) and securely fasten using a
hose clamp if required (Figure 1B).

2) Remove the white rubber nipple cover from the effluent
end of the filter (do not discard cap-this will be used to
seal after sampling).

3) Turn on pump and direct filter discharge into a
graduated container (Figure 1B). Pass up to 1L of water
through the filter. Note that the filter often clogs before a
full 1L of sample is filtered. If this occurs, record the
measured volume of water passed through the filter (in
milliliters [mL]) on the label provided (Figure 1A) and the
provided chain of custody. Shut off the pump.

4) Cap the effluent end of the filter (while full of water) with
the small white nipple cap provided; decouple the
tubing/luer-lock fitting from the influent end of the filter and
seal the filter unit with the white screw-cap (Figure 1C).
Place the sealed filter in the storage tube, label with the
sample location, date and total volume of groundwater
passed through the filter. The filter should be stored and
shipped at 4°C in the provided cooler (Figure 1D).

5) Remove the luer-lock fitting in the pump tubing and
discard. Dispose of effluent groundwater in accordance
with applicable site procedures.

Figure 2: Use and Shipping of Field Filters
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Labelling, Storage and Shipping

Sample Labelling and Handling: Samples should be clearly labeled (including sample ID and
date) and individually sealed in re-sealable freezer bags provided and placed in a cooler with cool
packs. If wet ice is used it must be double bagged. Sample hold time for 1L groundwater and
filter samples is 7 days at 4°C.

Chain-of-Custody: Include the total volume passed through the filter for each sample (Method B
only), the applicable purchase order number and quotation number where applicable. Please
indicate which analysis is requested by noting the test method (refer to Attachment 1 for a list
of Gene-Trac® analyses provided by SiREM). The completed chain-of-custody (Attachment 2)
should be placed in a zip-lock bag inside the cooler with the samples.

Shipping: For samples originating in the USA ship samples by priority overnight courier to
SIREM Knoxville, TN (address below). Samples should be given a nominal value of no more than
$10. Please note that SIREM is not open on Saturdays

The following shipping document is required:

Domestic Waybill (e.g., FedEx) see sample FedEx waybill (Attachment 3). Complete
shipper specific information, other information should be completed as indicated.

Section 1: Fill in date, complete shipping address and include your FedEx account number
Section 2: Your internal reference number/project number (if required)
Section 3: To address is: (already completed)

SIREM Knoxville
180A Market Place Boulevard
Knoxville, TN 37922

Section 4a: Express package Service — mark FedEXx priority overnight
Section 5: Other packaging

Section 7: Payment and by Sender

Section 8: Signature

Technical Inquiries:

e Ximena Druar 519-515-0838
xdruar@siremlab.com

e Phil Dennis 519-515-0836
pdennis@siremlab.com

Attachments: (1) Available Gene-Trac® Tests
(2) SIREM Chain-of-Custody
(3) Example FedEx Wayhill
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Attachment 2:

SiREM Chain-of-Custody
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== SIREM

Chain-of-Custody Form

siremlab.com

130 Stone Rd. W Lab #

Guelph, ON N1G 3Z2

(519) 822-2265

* i * i .
Project Name Project # Analysis
*Project Manager *Company
Preservative Key
*Email Address § 0. None
G
)
Address (Street) = 1. HCL
2 2. Other
. , gl 3
City State/Province Country o < 0 o ke <] g 3. Other
lelald|z]2]|2
° P ° ° £ £ = 4. Other
*Phone # © © © © w ° =
= = S - R 5. Other
2 2 2 2 5 2 ®
*Sampler's *Sampler's Printed © © o} o) 5 o o
Signature Name S S S S > a = 6. Other
Sampling # of
Client Sample ID Date Time Matrix | containers Other Information
Billing Information Turnaround Time Requested . For Lab Use Only For Lab Use Only
P.O. # Cooler Condition:
- Normal []
*Bill To: Cooler Temperature:
Rush []
Custody Seals: Yes I:l No I:l
Proposal #:
Relinquished By: Received By: Relinquished By: Received By: Relinquished By: Received By:
Signature Signature Signature Signature Signature Signature
Printed Printed Printed Printed Printed Printed
Name Name Name Name Name Name
Firm Firm Firm Firm Firm Firm
Date/Time Date/Time Date/Time Date/Time Date/Time Date/Time

Distribution: White - return to Originator: Yellow - Lab Copy: Pink - Retained by Client

* Mandatory Fields




Attachment 3:

Example FedEx Wayhbill

.e& NEW Package -
Ex;%sf' US Airbillr == 8075 1271 8737

s 0200

== SIREM

From Please print and pross hard, 4 Express Package Service  «7omastoonions i Pwkasawmfﬂillbs
Sender’s FedEx NOTE Servica order hss chaogad Plessa spiect carelully Lo bty tor e
Date Account Number _
[ Mo Busness Doy | 2003 Busivss Days
Sender's e
Haitie Phone | Q FadEx Firstﬂvsmjgf\! % O gigﬁth,:ﬂ
IntlEInn! Fnduy‘smngnimsmlbddnmmuﬂ SENNWMVIWNBTI\'EM
Monday unless IROAY Delivery is selécted.
FedEx 2Day
Company D ﬁgﬁff’wm‘fﬂvermuhtﬁmsmm | Secundbumlnanw’ﬂusnw ments
o elivered on Monday invess SATURDAY Deivery i dobverad o Manday uniess SATURDAY
is salected. Deliveryis selected.
s [ st e B
Py — Saturday Dolivery NOT svallable Saturday Dalivery NDT avalabla.
iy S 2 5 Packaging ot alse imitsson
| FedEx Envelope* FedEx Pak® FadEx FedEx Other
Your Internal Billing Reference O 0 . Box U Tube v
First 24 chatacters will sppoas on iwoice,
To 6 Special Handling and Delivery Signature Options
Recipient’s Sample Reception 1 i
Name & F Phane | 865 ) 330-0037 D E&NHDAY Drﬂ?fw i, FadEx 2Dy AM, or FadEx Exprass Saver.
SIREM Knoxville Na Signature Required Direct Signature ",'.EE.EE.‘,S .'1&‘:[5“ ot
Company. Oormes., Diospierse, DESosiss
HOLD Weekday T . “ R i ks T
180A Market Place Blvd pment contain oods?

Address D nsnumsu o wm.:n i
We cannat deliver 1o P.O. boxes or P.0. ZIP codes. Dept.FiooriSuteRoom

One hax must ba chockod

es Yes )
HOLD Saturday m Ne [] E’%;}}E‘.‘éﬁam L] Lt Ll aﬂ BUN 185 x i

Address %mm% for gm:m mé(mmmym cannathie shipped in FedEx packaging ] Cargo Alrcraft Only
Use this [ine for the HOLD lacation address or for contingation of your shiping address. Fedbx Day

7 Payment Billte:
oty  Knoxville State TN zip 37922 ————— EatorFodBi Acct No.or Gredi Cand o belowy,

lg ""ﬁh"e“,;‘,ﬁm [ ] Recipient [ | ThirdParty [ | CreditCard [ | Cash/Check

sy A

Total Packages  Total Weight Total Declared Value®

Easy new Peel-and-Stick airbill. No pouch needed.

Apply airbill directly to your package. See directions on back.

- be §_

*uumim«mmm umnummynu;rulmawmmus“ back for detads. Byquhshhlwu
res o the:

mumnurm

b4

Ry, Date 112+ Part #167002 » ©2012 FedEx » PRINTED IN USA. SRF
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ATTACHMENT 3
Revised QAPP Table 1



QAPP Table 1 - Field Sampling Summary

B & B Engineers & Geologists of New York, P.C.

Sample Container and

Number of

QC Frequency

Parameter and Method Matrix Preservation Holding Times
Volume & Samples Field Duplicate Trip Blank MS/MSD and Spike Duplicate Field Blank
One per 20 samples or one per One per 20 samples or one per | One per 20 samples or one per sampling event
Aldehydes — USEPA Method 8315A GW 250-mL round glass 4°C 3d 62 P . P P NA P . P P P p. P .p ng ev
matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
1-one liter amber glass 7 d from collection to
1,4-Dioxane (low-level) — USEPA . ) g ™ . . One per 20 samples or one per One per 20 samples or one per | One per 20 samples or one per sampling event
GW container with Teflon 4°C extraction; 40 d from 62 . NA . . .
Method 8270 SIM ) . . matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
lined screw caps extraction to analysis
. 14 d from collection to One per sample batch, not to exceed 20
PFAS — USEPA Modified EPA Method 250-mL wide mouth One per sample batch, not to One per sample batch, not to .
GW _ 4+2°C1] extraction; 28 d from 22 P P NA P P samples. See 2013 QAPP Section 7.3.4 for
537 plastic . . exceed 20 samples exceed 20 samples .
extraction to analysis further QC detail.
Anions (chloride,fluoride, sulfate) . One per 20 samples or one per One per 20 samples or one per | One per 20 samples or one per sampling event
GW 50-mL plastic tube 4°C 28d 32 NA
—USEPA Method 300.0 P matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
Alkalinity — Standard Method 23208 GW 250-mL wid.e mouth 4°c 144 32 One per.20 samples or one per NA One per.20 samples or one per | One per 20 samp!es or one per sam.pling event
plastic matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
Total Organic Carbon— Standard One per 20 samples or one per One per 20 samples or one per | One per 20 samples or one per sampling event
& GW 40-mL amber vial H,PO,, 4°C 28d 32 per P P NA per P P P P per sampiing
Method 5310C matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
Total phosphorus —Standard Method GW 250-mL wide mouth H.SO, 4°C )8 d 32 One per 20 samples or one per NA One per 20 samples or one per | One per 20 samples or one per sampling event
4500-PF plastic T matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
Chemical Oxygen Demand (COD) — GW 250-mL wide mouth H.SO. 4°C 28 d 32 One per 20 samples or one per NA One per 20 samples or one per | One per 20 samples or one per sampling event
USEPA Method 410.4 plastic T matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
Biological Oxygen Demand (BOD) — W 500-mL round plastic 2°c 48 h 32 One per.20 samples or one per NA One per.20 samples or one per | One per 20 samp!es or one per sam.pling event
Standard Method 5210 B matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
One per 20 samples or one per One per 20 samples or one per | One per 20 samples or one per sampling event
TPH-G — USEPA Method 8015D GW 40-mL glass vial HCl, 4°C 14d 6 per P P NA per P P P P! P ping
matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
(0] er 20 lesoro e (0] er 20 les or er [O er 20 les or e li ent
TPH-D/O — USEPA Method 8015D GW 250-mL round amber glass HCl, 4°C 7d 6 ne per £ sampres or one per NA ne per cUsamples orone per | Une per 24 samples or one per sampling even
matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
Methane, ethane, ethene, acetylene One per 20 samples or one per One per 20 samples or one per | One per 20 samples or one per sampling event
— Pace Analytical internal method GW 3-40 mL clear glass bottle NasPO,, 4°C 14d 32 P . P P NA P . P P P p' P ‘p g
matrix (for <20 samples) matrix (for <20 samples) as required for each matrix
AM20GAX
Treatability Testing Groundwater . 4°C until microcosms are
GW 2.5 L per experiment 1 month 5 NA NA NA NA
Samples prepared
Deoxyribonucleic acid (DNA) and
e r ribo lei id (MRNA N DNA: 48 hours, mRNA: 24
messenge .r| nuceie ac.l (.m ) Microbial cells Bio-Trap Storage on ice urs, m 7 NA NA NA NA
extraction and quantitative hours
polymerase chain reaction (qPCR)
Two 1-L wide mouth HDPE| Re-sealable freezer bags
Gene-Trac® NGS Testing GW screw-top containers per | in coolers with freezer 7 d (at<4°C) 8 (2 per well) NA NA NA NA

well

packs

Acronyms: GW = groundwater NA = not applicable
Note: [1] Do not use blue ice. Store PFAS samples in separate cooler from other types of samples.
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