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Executive Summary

Washington River Protection Solutions (WRPS) conducted tests on two types of chemical cartridges for
use in air-purifying respirators (APR) to determine the period of time that the cartridges would provide
adequate performance' for APRs used to protect workers when exposed to a mixture of Chemicals of
Potential Concern (COPCs) from vapors emanating from the headspace of tank BY-108 on the Hanford
Site. The Occupational Safety and Health Administration (OSHA) recognizes cartridge testing as a valid
approach for establishing a cartridge change schedule.[3] Testing is commonly applied in situations where
mixtures of COPCs exist, and where other approaches, such as manufacturer recommendations and
modeling, are less reliable. The tests were designed and conducted to assure measurement and/or control
of the key variables OSHA identified as important to estimate cartridge service life, including
temperature, humidity, COPC concentration, breathing rate, and cartridge adsorption capacity.

Testing was conducted over a period from July 15-17, 2016, using headspace vapors from Hanford tank
BY-108 under static conditions fed to a respirator cartridge test stand developed by WRPS in
collaboration with HiLine Engineering (Richland, Washington). Multipurpose respirator cartridges,
SCOTT 7422-SD1 and SCOTT 7422-SC1 (SCOTT Safety, Monroe, North Carolina) were assessed on
separate days with BY-108 headspace vapors. Sample media (sorbent tubes) were used to collect samples
of the vapor stream entering and exiting the respirator cartridge and were subsequently analyzed for
COPC concentrations. Pacific Northwest National Laboratory was tasked with conducting an independent
analysis of the analytical results and making recommendations based on the results for respiratory
cartridge performance and change-out frequency. Key conclusions from the assessment of the 59 COPCs
in this study are described below:

e Based on measured cartridge inlet vapor concentrations from tank BY-108 headspace, Six COPCs -
ammonia, 1,3-butadiene, furan?, 2,5-dihydrofuran, N-nitrosodimethylamine (NDMA), and N-
nitrosomethylethylamine (NMEA) exceeded their Occupational Exposure Limit (OEL).? Seven
additional COPCs—mercury, 3-buten-2-one, 2,3-dihydrofuran, 2-methylfuran, 2-propylfuran, N-
nitrosodiethylamine (NDEA), and N-nitrosomorpholine—had inlet concentrations greater than 10%
of their corresponding OELs.

e Ammonia inlet concentrations during the testing reached 479 ppm or 1,915% of its OEL, comparable
to BY-108 headspace measurements previously obtained.* Ammonia appeared to breakthrough above
10% of its OEL for both respirator cartridges (SCOTT 7422-SD1 and SCOTT 7422-SC1) quickly
during testing (i.e., less than 2 hours). Direct reading instrument measurements taken at intervals

! “Adequate performance” refers to being below the breakthrough criteria used in this analysis. The breakthrough
criteria for this analysis is having measured (above DL/RL limits) sustained cartridge outlet concentrations above
10% of the compound’s OEL. Ultimately, Industrial Hygiene professionals will use these results along with specific
hazard assessments to determine service life, change schedules, and cartridge selection needed to provide the
necessary performance for specific applications in Hanford tank farms.

2 A re-evaluation of furan, 2,5-dihydrofuran, and 2-methylfuran results was performed using the Carbotrap 300 TDU
after the original issue (Rev. 0) of this report. The re-evaluation is discussed in Freeman et.al. [20]. This revision
incorporates the results from the Assessment of the Use of Alternate Furan Measurements for Respirator Cartridge
Performance Determinations in Appendix G and the body of this report.

3 OELs accepted for Hanford tank farm use are based on regulatory guidelines established by U.S. governmental
agencies or national professional organizations (e.g., OSHA, NIOSH, American Conference of Governmental
Industrial Hygienists), or if no U.S. OEL exists, standard toxicological practices are applied to develop OELs based
upon the best available science. The OEL for NDMA and other nitrosamines was established in 2005 based on the
MAK (Maximale Arbeitsplatzkonzentration) Commission standard adopted in Europe.

4 Comparison was made to the most recent BY-108 sampling and analysis (2008-2009) available from the Site-
Wide Industrial Hygiene Database at the time of this report.
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during the first 90 minutes of testing indicate that breakthrough occurred after 40 minutes. This
breakthrough is consistent with expectations, considering the high inlet concentrations.

¢ [,3-Butadiene inlet measurements were lower than previous headspace measurements and appeared
to exhibit breakthrough for both cartridges tested. Breakthrough above 10% of its OEL for the
SCOTT 7422-SD1 cartridge was after 2 hours and for the SCOTT 7422-SC1 cartridge was after 4
hours.

e Furan inlet concentrations reached a maximum of 819% of the OEL when assessed using the
Carbotrap 300 sorbent tube-derived data. Furan breakthrough above 10% of its OEL occurred after 6
hours for the SCOTT 7422-SD1 cartridge (maximum inlet 819% of the OEL), and after 8 hours for
the SCOTT 7422-SC1 cartridge (maximum inlet 298% of the OEL). In comparison, ammonia
breakthrough was observed in less than 2 hours.

e The maximum 2,5-Dihydrofuran inlet concentration reached 278% of the OEL when assessed using
the Carbotrap 300 sorbent tube for the SCOTT 7422-SD1 cartridge test only. Breakthrough above
10% of its OEL occurred between 12 and 14 hours. All inlet and outlet concentrations were below DL
for the SCOTT 7422-SC1 cartridge test, where no breakthrough was observed. In comparison,
ammonia breakthrough was observed in less than 2 hours.

e NDMA and NMEA inlet concentrations reached 0.4 ppb or approximately 130% of their OELs. All
outlet concentrations were less than their analytical reporting limit at approximately 12% and 9.9% of
their OELs, respectively, indicating no breakthrough above 10% of its OEL at the measured levels for
either cartridge during the testing period.

e Outlet concentrations for mercury, 3-buten-2-one and 2-methylfuran were above detection limits'
(DL) for one or more measurements. Mercury outlet concentrations reached 13.5% of its OEL at the
16-hour time period on one cartridge, but were <DL for all other outlet measurements, indicating the
potential beginning of breakthrough at the end of testing. Outlet measurements for the other COPCs
never exceeded 10% of their OELs. In addition, outlet concentrations for 2,3-dihydrofuran, 2-
propylfuran, NDEA, and N-nitrosomorpholine were all less than their DLs, indicating no
breakthroughs above 10% of their OELs during the testing period for the cartridges used.

Based on the measurements taken for this study, breakthrough above 10% of their OELs occurred early
in the test sequence for ammonia and 1,3-butadiene. The ammonia breakthrough was less than 2 hours
for both cartridges tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Because outlet measurements
from laboratory analysis are unavailable between time zero and 2 hours, and inlet ammonia
concentrations exceed Centers for Disease Control and Prevention—National Institute for Occupational
Safety and Health (CDC-NIOSH) recommendations for APR use,” identification of an acceptable
service life is not possible or recommended for the use of these cartridges in similar concentration
environments.

Breakthrough of all other COCPs occurred after ammonia breakthrough, indicating ammonia may be
used as a leading indicator for estimating cartridge service life. Variations in humidity, temperature, or
cartridge inlet concentration for any COPCs, compared to those measured in this study, could impact
breakthrough time, especially if OEL thresholds are exceeded. In these circumstances, additional
respirator cartridge evaluations may be necessary to determine proper respiratory protection
requirements.

! The term “detection limit” is used here to refer either to an analytical reporting limit or a DL. The use of either an
RL or a DL varied among analytical laboratories. An RL (equivalent to a limit of quantification) was used instead of
an analytical method DL by several laboratories for specific COPC analyses. See Appendix C and Appendix F for
additional information on the specific use of RLs or DLs for each COPC.

2 CDC-NIOSH Pocket Guide to Chemical Hazards — Ammonia. Available at
https://www.cdc.gov/niosh/npg/npgd0028.html.
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The Overview of 2016 through 2018 Testing of Air-Purifying Respirator Cartridge Performance on
Multiple Hanford Tank Headspaces and Exhausters Freeman et.al. [20], provides additional information
on the use of the cartridge testing results for the first 28 cartridge tests with the manufacturers service life
models.






Revision History

Revision
Number | Effective Date Description of Change
0 Initial issue
1 July 2020 This report has been revised to address external peer review comments on

the Rev. 0 report and subsequent test reports from 2016 cartridge testing,

and to correct data reporting errors. The principal changes included:

1. Addressing several external peer review comments including:

a. Referencing the Overview of 2016 Through 2018 Testing of Air-
Purifying Respirator Cartridge Performance on Multiple Hanford
Tank Headspaces and Exhausters (PNNL-26821 Rev. 1), which
provided additional information on historic COPC source
concentrations and the significance of any differences between
cartridge-testing results and historic maxima.

b. Adding descriptive information to Appendices A, B, and C to
provide additional clarity on the contents and methods applied

c. Clarifying terminology regarding breakthrough time versus service
life and change-out schedule.

2. A furans analytical methods review was conducted in 2018
(“Assessment of the Use of Alternate Furan Measurements for
Respirator Cartridge Performance Determinations” letter report 69802-
01). The assessment recommended the use of the Carbotrap 300 TDU
tube analytical results for furan, 2,5-dihydrofuran, and 2-methylfuran in
lieu of the TDU Tenax TA tube. All of the furan, 2,5-dihydrofuran, and
2-methylfuran results for the 2016 APR cartridge testing have been re-
evaluated and documented in Freeman et al. [20]' and Appendix G of
this report. The values for furan, 2,5-dihydrofuran, and 2-methylfuran
have been updated in this revision of the report.

!'See Appendix F of Freeman CJ, J Liu, C Clayton, SK Nune, LA Mahoney, CL Bottenus, TM Brouns, MJ Minette,
and P Humble. 2020. Overview of 2016 through 2018 Testing of Air-Purifying Respirator Cartridge Performance
on Multiple Hanford Tank Headspaces and Exhausters. PNNL-26821, Rev. 1, Pacific Northwest National
Laboratory, Richland, Washington.
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ALS
APR
CBAL
CFR
COPC
CVAA
DL

DRI
EPA
GC-FID
GC/MS
GCTEA
HPLC
HPLC-UV
IC

IH
NDEA
NDMA
NMEA
NMOR
NIOSH
OEL
OSHA
PPM
PNNL
RL
SWIHD
TIC
TWINS
VOA
vVOC
WwC
WRPS
WHL

Acronyms and Abbreviations

ALS Environmental Salt Lake City
Air-Purifying Respirator

Columbia Basin Analytical Laboratory

Code of Federal Regulations

Chemicals of Potential Concern

Cold Vapor Atomic Absorption

Detection Limit

Direct Reading Instrument

Environmental Protection Agency

Gas Chromatography-Flame lonization Detector
Gas Chromatography/Mass Spectrometry

Gas Chromatography-Thermal Energy Analyzer
High-Performance Liquid Chromatography
High-Performance Liquid Chromatography-Ultraviolet
Ion Chromatography

Industrial Hygiene

N-nitrosodiethylamine

N-nitrosodimethylamine
N-nitrosomethylethylamine
N-nitrosomorpholine

National Institute for Occupational Safety and Health
Occupational Exposure Limit

Occupational Safety and Health Administration
Parts Per Million

Pacific Northwest National Laboratory
Reporting Limit

Site-Wide Industrial Hygiene Database
Tentatively Identified Compound

Tank Waste Information Network System
Volatile Organic Analysis

Volatile Organic Compound

Water Column

Washington River Protection Solutions

Wastren Hanford Laboratory (222S)
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1.0 Introduction/Project Description

As the Tank Operations Contractor for U.S. Department of Energy operations at the Hanford site,
Washington River Protection Solutions (WRPS) is responsible for managing highly radioactive wastes
stored in tanks at Hanford. WRPS recently identified the need to test air-purifying respirator (APR)
chemical cartridges commonly used at Hanford tank farms. The tests were conducted to determine the
period of time that the cartridges would provide adequate performance for APRs used to protect workers
when exposed to a mixture of Chemicals of Potential Concern (COPCs) from any vapors exiting
headspaces in the tanks. Occupational Safety and Health Administration (OSHA) Standard 29 Code of
Federal Regulations (CFR) 1910.134(d)(3)(iii)(b)(2) specifies that for protection against gases and
vapors, employers shall implement a change schedule for cartridges to ensure that change-outs occur
before the end of service life.[1-4] The change schedule can be based on objective information or data
that ensures cartridge change-outs occur before the end of their service life.[2-5] The primary function of
the WRPS APR Cartridge Test Program is to obtain objective data to determine service life schedules for
the APR cartridges in use at Hanford tank farms. WRPS contracted Pacific Northwest National
Laboratory (PNNL) to analyze the test data and offer an independent analysis and any recommendations.
This report summarizes data analyses of cartridge testing on headspace vapors from the Hanford BY-108
single shell tank.

1.1



2.0 Regulatory Requirements

2.1 Background on Regulatory Requirements

OSHA Respiratory Protection Standard (29 CFR 1910.134) mandates/requires that employers provide
protective equipment, including respirators, to their employees to protect them against potential exposure
to contaminants at or above documented Occupational Exposure Limits (OELs) and establish cartridge
change-out schedules to ensure cartridges are changed before the end of service life.[1] End of service life
is the time when a respirator cartridge can no longer filter/capture harmful contaminants (i.e., the
cartridge no longer functions effectively).

Protective respirator cartridges are frequently used in workplaces with low contaminant concentrations,
and where respirators provide essential protection for longer periods of time (greater than 2 hours). If the
contaminant concentration in a workplace is high, supplied air respirators or self-contained breathing
apparatuses (SCBA) must be used to provide additional protection. While the use of SCBAs offers more
protection, a tradeoff exists, particularly for SCBAs that employ a large, heavy (~30 pounds), back-
mounted compressed air cylinder.[1]

2.2 OSHA-Approved Methods for Determining Cartridge Change-Out
Times

The National Institute for Occupational Safety and Health (NIOSH) certifies organic vapor cartridges
using the criteria in 42 CFR 84, Approval of Respiratory Protective Devices. Still, there is no widely
accepted, standard protocol for performing service-life testing.[4] However, OSHA has identified three
valid approaches for establishing cartridge change-out schedules.[3] These approaches are described
below.

e Conduct experimental tests — First, gather available information about the nature of all contaminants
present in the workplace. Obtain breathing rates of workers and estimate worst-case exposures. This
approach is the most time consuming and resources needed to perform these tests may not be
available. However, if an employer has the resources needed to pursue this approach, it is the most
reliable method of estimating cartridge service life. Concentrations at different points in time are
obtained using actual respirator cartridges exposed to actual or simulated gases to gather service-life
information. A safety factor that includes the assumptions made, variable factors, or conditions needs
to be applied to the service life and used in the respiratory protection program. This approach is
commonly used in situations where mixtures of contaminants are present and can also be used to
validate an existing cartridge change-out schedule.

o Use the manufacturer’s recommendation — Once information on airborne contaminants (including
concentrations, temperature, and humidity) has been obtained, contact the manufacturer of the
respirator to be used and provide all the information. Manufacturers should be able to provide the
estimated service life of different cartridges for particular compounds. Manufacturers should also be
able to provide the exact objective information they used to project the service life. Using the
information obtained, service lives are proposed. This approach is not as reliable as conducting
application-specific experiments, and manufacturers may not have all the information for workplace
hazards and user factors. If any safety factor is applied considering all the variable factors, it must be
clearly identified in the respiratory protection program. For complex mixtures such as those present in
the waste storage tanks at Hanford, manufacturer recommendations may be of limited value, and
experimental testing is recommended.
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o Use mathematical models — Mathematical models are usually applicable for single contaminant
exposure situations. OSHA and NIOSH have worked over the years with researchers and industrial
partners to develop mathematical models for predicting respirator cartridge service life.[3, 5-11]
OSHA offers guidance on using mathematical models to estimate respirator cartridge service life
based on single components, but the models have not been adopted for mixtures. NIOSH has
developed a computer tool for estimating breakthrough times and service lives of respirator
cartridges. Manufacturers can use those results to make service-life recommendations for their
particular product (canister/cartridge) in multi-gas environments. Two types of mathematical
models are used: 1) predictive models [3, 5-7] and 2) descriptive models.[9] Each model has its own
mathematical basis for its estimations. To estimate the service lives of cartridges, the following
information is needed:

— the number of cartridges used by the respirator

— the mass of the sorbent used in each cartridge

— the carbon micro-pore volume

— the density of the packed bed

— the maximum temperature

— the maximum relative humidity

— the maximum concentration of the contaminants and the work (volumetric flow) rate.

The primary advantages of using mathematical models are that they are relatively inexpensive, and
results can be obtained quickly. However, the estimates are not as accurate as testing; sometimes it
might result in a service-life estimate that is shorter than needed because assumptions used during
calculations were too conservative.

o In addition to the methods described above, “rules of thumb” can be allowed as part of the overall
workplace organic vapor assessment for determining a cartridge change-out schedule. Chapter 36 of
the American Industrial Hygiene Association publication, The Occupational Environment: Its
Evaluation and Control and Management, outlines the approach.[12] The “rules of thumb” may not
work for every chemical or situation, but provide an estimation of cartridge life. The following are
rules of thumb outlined in the publication:

— If the compound’s boiling point is >70°C and the concentration is <200 ppm, a service life
of 8 hours at a normal work rate can be expected.

— Service life is inversely proportional to worker breathing rate.

— Reducing the concentration of a contaminant by a factor of 10 will increase service life by a
factor of 5.

— Relative humidity above 85% will reduce the service life by 50%.

These rules of thumb do not apply in certain situations, including for mixtures of hazardous
contaminants (e.g., Hanford tank farm vapors) and inorganic gases such as ammonia, sulfur dioxide,
and hydrogen sulfide; compositions that vary with time and location; and contaminants that undergo
continuous reactions. However, some of the general drivers' can help in interpreting the results
obtained from experimental testing of respirator cartridges.

! The general drivers (a.k.a., rules of thumb) are applicable to certain compounds, but not to all compounds in a
mixture, such as those in specific Hanford tank mixtures. However, an Industrial Hygiene professional can use these
rules of thumb to support interpretation of results from both experiments and predictions.
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3.0 Description of Testing Program

Based on the OSHA guidance described in the previous section, a sample testing approach was pursued
for quantifying respirator cartridge effectiveness for Hanford tank vapors. WRPS developed a sampling
approach outlined in TFC-PLN-168, “Industrial Hygiene Sampling and Analysis Plan for Respirator

Cartridge Testing,” and “Air-Purifying Respirator Cartridge Test Apparatus, RPP-STE-59226". [13,14]

Appendix A provides a description of the respirator cartridge testing setup developed by WRPS and used
for measurements of vapors from the BY-108 headspace.[13-15] The test system and methodology were
developed in consultation with recognized subject matter experts to follow the example of tank farm
headspace field sampling for the purposes of cartridge testing.

The Sampling and Analysis Plan was developed under the direction and oversight of the Industrial
Hygienist in conjunction with the Tank Farms Operations Contractor Retrieval and Closure, and Tank
Farms Project and/or Production Operations Project Management Team, as applicable. Trained Industrial
Hygiene Technicians under the direction of a qualified Industrial Hygienist collected chemical vapor
samples from the influent and effluent sides of the cartridge test apparatus. Training was performed at
HiLine Engineering (Richland, Washington) on the test stands for WRPS Sampling Equipment Operators,
Industrial Hygiene Technicians, and the Field Work Supervisors, prior to transport of the stands to tank
farms.

The APR cartridge test assembly was designed and constructed to operate to the following environmental
conditions without negatively impacting system performance:

e Temperature: 32 to 115°F
Relative Humidity: 5% to 100%

Precipitation: Up to 4 inches in 6 hours

e Wind: Up to 20 mph with blowing dust.

WRPS developed a testing program with the following conservative conditions to support robust cartridge
service life estimates:

o The flow rate through each cartridge was set at 30 L/min (equivalent to 60 L/min for a pair of
cartridges), which corresponds to more than twice the normal breathing rate and is slightly higher
than OSHA recommended testing flow rate of 53.3 L/min.[3,5]

e Tank farm vapor source sampling was performed on headspace or exhauster stack vapors rather than
from Hanford tank farm atmospheric concentrations (i.e., source sampling vs. the breathing zone).

e 10% of the OEL for each COPC was considered as a threshold concentration.

Using the cartridge testing setup shown in Appendix A, separate test surveys were performed on two
NIOSH-approved respiratory protection twin cartridges: SCOTT 7422-SD1 for Survey 1 and SCOTT
7422-SC1" for Survey 2.[16] These cartridges were chosen because they are suitable for capturing organic
vapors, acid gases, ammonia, formaldehyde, and particulates.[16]

"' SCOTT part numbers 7422-SC1 and 7422-SD1 are multipurpose APR respirator cartridges for use on Xcel Half-
Mask and all SCOTT full facepieces with NIOSH approval for OV/AM/MA/CL/HC/SD/CD/HF/FM/HS
application. The -SD1 cartridge has the same multipurpose features as the -SC1 but also includes a P100 particulate
filter. https://www.3mscott.com/download/742-series-cartridges-user-instructions-english/
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Vapor concentrations upstream and downstream of the APR cartridge were monitored with an array of
sorbent tubes (see Appendix B). Influent (upstream) concentrations were measured at the beginning and
end of each 16-hour verification survey. Downstream sorbent tubes were changed out every 2 hours until
the experiment was finished. A measured quantity of sample air was drawn in through the sorbent tube
(see Appendix A). [13,14] Compounds from the sorbent tubes were extracted and analyzed using
analytical methods referenced in Appendix B.

Prior to the revision 1 report a re-evaluation of the furans measurements was conducted. The re-
evaluation recommended using the Carbotrap 300 TDU for measuring furan, 2,5-dihydrofuran and 2-
methylfuran. Details of the furan alternative methods evaluation were documented in Letter Report
69802-01 Assessment of the Use of Alternate Furan Measurements for Respirator Cartridge Performance
Determinations which is included in Appendix G.

The characteristics of 59 COPCs were the primary focus of the testing. The 59 COPCs represent a set

of tank vapor chemicals found in a tank farm source at concentrations greater than 10% of their respective
OELs or are considered “known” or “probable” carcinogens by the International Agency for Research
Cancer or other regulatory agencies.[17,18] A full listing of these COPCs is shown in Section 4.0.
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4.0 Data Analysis

Respirator cartridge testing on the Hanford waste tank BY-108 headspace was conducted from

July 15-17, 2016. Each cartridge was tested for approximately 16 hours of continuous run time.

Testing and analysis focused on the 59 COPCs identified in Table 1 and other hazardous airborne
contaminants. Sorbent tubes were changed every 2 hours, and more than 200 sorbent tubes were sent to
the 2228 Laboratory at Hanford and dispositioned for analysis. Appendix C lists the raw data for all of
contaminants analyzed during the tests, and Appendix D lists the corresponding calculated concentrations
for the detected COPCs. Appendix C also gives the average temperatures of the sample slipstream during
testing, which ranged from 66 to 91°F as well as the average relative humidity measurements, which
ranged from 34 to 86%. Table 1 provides an overview of the results for each of the 59 COPCs. Note that
nitrous oxide was not analyzed as it is not susceptible to respirator filtration, and there are no known
NIOSH-approved respirator filtration cartridges approved for nitrous oxide. Additionally, methanol was
not quantified as part of the COPC data set because it is used as a standard solvent and calibration
standard in the analytical procedure for VOCs.

Table 1 shows the measured concentrations in the current study for all COPCs tested. This table further
provides a summary of the test information. For example, if all of the measurements for a specific
compound were less than detection limits (DL), that compound is marked accordingly. Further, if
concentrations were detected for a compound, the extent of the detection also is described. The inlet
concentrations of six COPCs—ammonia, 1,3-butadiene, furan, 2,5-dihydrofuran N-nitrosodimethylamine
(NDMA), and N-nitrosomethylethylamine (NMEA)—exceeded their OELs. The inlet concentrations of
seven additional COPCs—mercury, 3-buten-2-one, 2,3-dihydrofuran', 2-methylfuran, 2-propylfuran, N-
nitrosodiethylamine, and N-nitrosomorpholine—exceeded 10% of their OELs. All 13 of these COPCs are
highlighted in yellow in Table 1 and are assessed in more detail in Section 5.0. Appendix E shows similar
detailed assessments for an additional five COPCs with cartridge inlet concentrations less than 10%, but
greater than 2% of their OELs. Note that all of the other COPCs had inlet concentrations less than 2% of
their OELs or their detection limits (DL).?

! The furan, 2,5-dihydrofuran, and 2-methylfuran values have been restated to reflect measurement from the
Carbotrap 300 TDU method. The 2,3-dihydrofuran (and the 2,5-dimethylfuran) results are based on the Tenax
method. The 2,3-dihydrofuran results were above the report limits using the Tenax method. The 2,5-dimethylfuran
measurements using the Tenax method were all below the reporting limits. It is possible that the Tenax method
results are providing a false-negative concentration measurement for the 2,5-dimethylfuran compound. The detailed
evaluation of the use of the Tenax and Carbotrap 300 methods is provided in Appendix G.

% The term “detection limit” is used here to refer either to analytical reporting limit (RL) or detection limit. The use
of either a reporting or detection limit varied among analytical laboratories. The RL (equivalent to a limit of
quantification) was used instead of an analytical method detection limit by several laboratories for specific COPC
analyses. See Appendices C and F for additional information on the specific use of reporting or detection limits for
each COPC.
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Table 1. Summary of Analyzed COPCs
Approximate All Data
. Occupational Analytical | Values (inlet
Highest Measured . Highest Detected Value C d
COPC Number and Name CAS Number e . Exposure Limit Detection and outlet) ighest Detected Value Compare
Value (this study) 1 ) to OEL
(OEL) Limit, DL < Detection
(% of OEL) Limit
Inorganic
. Up to 1915% of OEL for inlet and
1 Ammonia 7664-41-7 479 ppm 25 ppm 2.35% outlet values. None <100% OEL
2 Nitrous Oxide 10024-97-2 Not Measured 50 ppm
Up to 52.0% of QEL for inlet
iMm 7439-97-6 13.0 3 25 3 7.43%
Breury ug/m ug/m values. All outlets <13.5%
Hydrocarbons
Up to 138% of OEL for inlets and
4 1,3-Butadi 106-99-0 2.68 1 2.02%
uradiene pem ppm 268% of OEL for outlets
Up to 0.9% of OEL for inlets.
71-43- . . .|
5 Benzene 1-43-2 0.0043 ppm 0.5 ppm 0.024% All outlets <0.05%
6 Biphenyl 92-52-4 0.0002 ppm 0.2 ppm 0.048-0.092% X
Alcohols
Up to 5.0% of OEL for inlet values.
- -36- o
7 1-Butanol 71-36-3 1.00 ppm 20 ppm 0.005% All outlets <0.008%
8 Methanol 67-56-1 Not Measured 200 ppm
Ketones
Up to 0.4% of OEL for inlet values.
- -78- o
9 2-Hexanone 591-78-6 0.0183 ppm 5 ppm 0.003% All outlets <DL
10 3-Methyl-3-butene-2-one 814-78-8 Not Detected 0.02 ppm TIc? X
Up to 0.3% of OEL for inlet values.
. - 47~ o
11 4-Methyl-2-hexanone 105-42-0 0.0014 ppm 0.5 ppm 0.030% Al outlets <DL
12 6-Methyl-2-heptanone 928-68-7 Not Detected 8 ppm TIC X
Up to 23.5% of OEL for inlet
13 3-Buten-2-one 78-94-4 0.0469 ppm 0.2 ppm 0.090% values. All outlets <1.9%
Aldehydes
Up to 8.6% of OEL for inlet values,
F Ideh -00- . . .
14 Formaldehyde 50-00-0 0.0257 ppm 0.3 ppm 0.631% All outlets <0.9%
Up to 1.1% of OEL for inlet values.
-07- o
15 Acetaldehyde 75-07-0 0.279 ppm 25 ppm 0.005% Al outlets <0.8%
Up to 0.13% of OEL for inlet
-72- o
16 Butanal 123-72-8 0.0338 ppm 25 ppm 0.001% values. All outlets <0.001%
17 2-Methyl-2-butenal 1115-11-3 Not Detected 0.03 ppm TIC X
18 2-Ethyl-hex-2-enal 645-62-5 Not Detected 0.1 ppm TIC X

4.2

! Approximate Detection Limit (DL) is calculated using the reported DLs (or RLs) from the analytical laboratory
and the average volume (from flowrate x time) of vapor exposed to the sorbent tube.
2 Tentatively Identified Compound (TIC) indicates that a mass spectrometry “peak” not associated with calibrated
compounds has been tentatively assigned to a compound based on an adequate match to the analytical methods
reference library. Reference standards for the compound are not available to accurately quantify, assign an analytical
DL, or definitively confirm the identity of the TIC. TICs are reported when the peak area is sufficiently large,
estimated as >5 nanograms of TIC mass, and other analytical criteria are met. For the respirator cartridge testing,
this mass of TIC represents an approximate concentration of <1.0 ppb, based on the average of all TICs in the COPC
list.
3 Values have been revised to the measurements using the Carbotrap 300 TDU method.




Table 1. (continued)

Approximate All Data
. Occupational Analytical | Values (inlet|, .
Highest M d . Highest D Val
COPC Number and Name CAS Number lghes 'easure Exposure Limit Detection and outlet) ighest Detected Value Compared
Value (this study) 1 A to OEL
(OEL) Limit, DL < Detection
(% of OEL) Limit
Furans
Up to 819% of OEL for inlet values.
19 3 110-00-9 8.19 ppb 1 ppb B819%
Furan PR PR y Outlet up to 698%
. Up to 74.5% OEL for inlet values.
20 2,3-Dihydrofuran 1191-99-7 0.74 ppb 1 ppb 1.81% el
Up to 278% OEL for inlet values.
21 2,5-Dil : 1708-29-8 3.77 ppb 1 ppb 377%
2,5-Dihydrofuran PP pp Max outlet 377%
Up to 39.2% OEL for inlet values.
22 2 2 534-22-5 0.39 ppb 1 ppb 39.2%
2-Methylfuran PP PP All outlets <DL/AL.
23 2,5-Dimethylfuran 625-86-5 0.03 ppb 1 ppb 3.16% X
24 2-Ethyl-5-methylfuran 1703-52-2 Not Detected 1 ppb TIC X
25 4-(1-Methylpropyl)-2,3-dihydrofuran 34379-54-9 Not Detected 1 ppb TIC X
26 3-(1,1-Dimethylethyl)-2,3-dihydrofuran 34314-82-4 Not Detected 1 ppb TIC X
Up to 3.6% of OEL for inlet values.
- _69- 9
27 2-Pentylfuran 3777-69-3 0.04 ppb 1 ppb 1.74% Al outlets <2.5%.
Up to 4.5% of QEL for inlet values.
28 2-Heptylfuran 3777-71-7 0.05 ppb 1 ppb 1.15% All outlets <1.4%
Up to 11.1% OEL for inlet values.
29 2-p If 4229-91- 111 1 2.82%
9 2-Propylfuran 9918 0-11 ppb pPo 8 All outlets <DL.
30 2-Octylfuran 4179-38-8 Not Detected 1 ppb TIC X
31 2-(3-Oxo-3-phenylprop-1-enyl)furan 717-21-5 Not Detected 1 ppb TIC X
32 2-(2-Methyl-6-oxoheptyl)furan 51595-87-0 Not Detected 1 ppb TIC X
Phthalates
33 Diethylphthalate 84-66-2 0.0020 mg/m3 5 mg/m3 | 0.017-0.041% X
Nitriles
Up to 0.8% of OEL for inlets and
stri 05 o
34 Acetonitrile 75-05-8 1.89 ppm 20 ppm 0.001% 9.5% of OEL for outlets
- Up to 0.4% of OEL for inlets and
-12- o
35 Propanenitrile 107-12-0 0.0540 ppm 6 ppm 0.003% 0.9% of OEL for outlets
o Up to 0.2% of OEL for inlet values.
36 But tril 109-74-0 0.0185 8 0.003%
utanentiriie ppm ppm v All outlets <0.004%
Up to 0.2% of OEL for inlet values.
37 Pent itril 110-59- .011 0.003Y
entanenitrile 8 0 3 ppm 6 ppm % All outlets <0.008%
-~ Up to 0.05% of OEL for inlet
-73- o
38 Hexanenitrile 628-73-9 0.0028 ppm 6 ppm 0.003% values. All outlets <DL
39 Heptanenitrile 629-08-3 Not Detected 6 ppm TIC X
40 2-Methylene butanenitrile 1647-11-6 Not Detected 0.3 ppm TIC X
41 2,4-Pentadienenitrile 1615-70-9 Not Detected 0.3 ppm TIC X
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Table 1. (continued)

Approximate | All Data
. Occupational Analytical |Values (inlet .
High M . High D Val
COPC Number and Name CAS Number ighest .easured Exposure Limit Detection | and outlet) ighest Detected Value
Value (this study) . 1 . Compared to OEL
(OEL) Limit, DL | < Detection
(% of OEL) Limit
Amines
) Up to 3.6% of OEL for inlet
- - 0y
42 Ethylamine 75-04-7 0.181 ppm 5 ppm 0.103% X values. All outlets <DL
Nitr
. . . Up to 134% of OEL for inlet
43 N-Nit dimethyl 62-75-9 0.40 ppb 0.3 ppb 11.7%
trosocimethylamine PP PP ° values. All outlets <DL
. . . Up to 35% of OEL for inlet
44 N-Nit diethyl 55-18-5 0.03 ppb 0.1 ppb 24.4%
trosodiethylamine PP PP ° values. All outlets <DL
. . Up to 132% of OEL for inlet
45 N-Nit thylethyl 10595-95-6 0.40 ppb 0.3 b 9.859 X
firosomethylethylamine PP PP % values. All outlets <DL
. . Up to 18.3% of OEL for inlet
46 N-N hol -89-2 11 3 .58 X
6 itrosomorpholine 59-89. 0.11 ppb 0.6 ppb 3.58% values. All outlets <DL
Organophospates
47 Tributyl phosphate 126-73-8 0.0002 ppm 0.2 ppm 0.084% X
48 Dibutyl butylphosphonate 78-46-6 0.0001 ppm 0.007 ppm 1.46% X
Halogenated
49 Chlorinated Biphenyls Varies Not Detected 1 mg/m3 TIC X
50 2-Fluoropropene 1184-60-7 Not Detected 0.1 ppm TIC X
Pyridines
- Up to 0.3% of OEL for inlet
51 Pyrid 110-86-1 0.0028 1 0.150%
yridine ppm ppm : values. All outlets <DL
. - Up to 0.5% of OEL for inlet
52 2,4-D thyl d 108-47-4 0.0027 0.5 0.220%
= DIMEHYIRYHCInG ppm e ? values. All outlets <DL
Organonitrites
53 Methyl nitrite 624-91-9 Not Detected 0.1 ppm TIC X
54 Butyl nitrite 544-16-1 Not Detected 0.1 ppm TIC X
Organonitrates
55 Butyl nitrate 928-45-0 Not Detected 2.5 ppm TIC X
56 1,4-Butanediol, dinitrate 3457-91-8 Not Detected 0.05 ppm TIC X
57 2-Nitro-2-methylpropane 594-70-7 Not Detected 0.3 ppm TIC X
58 1,2,3-Propanetriol, 1,3-dinitrate 623-87-0 Not Detected 0.05 ppm TIC X
Isocyanates
59 Methyl Isocyanate 624-83-9 Not Detected 20 ppb TIC X
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5.0 Plots of COPCs with Significant Detected Values

Of the 59 COPC:s listed in Table 1, six COPCs - ammonia, 1,3-butadiene, furan, 2,5-dihydrofuran,
NDMA, and NMEA had detected (cartridge inlet) concentrations greater than their OELs. Seven
additional COCPs—mercury, 3-buten-2-one, 2,3-dihydrofuran, 2-methylfuran, 2-propylfuran, N-
nitrosodiethylamine (NDEA), and N-nitrosomorpholine—had inlet concentrations greater than 10% of
their corresponding OELs (see COPCs highlighted in yellow in Table 1). This section provides more
detail on these 13 COPCs, along with plots of the corresponding data. Note that Appendix E shows plots
and descriptions for other COPCs with measured inlet concentrations between 2% and 10% of their
corresponding OELs.

Ammonia (see Figure 1) — The DL for ammonia corresponds to approximately 2.4% of the OEL. Inlet
concentrations exceeded 1611% of the OEL for ammonia at the beginning and end of each cartridge test,
with the highest measured value recorded at the end of the SCOTT 7422-SC1 cartridge test at 1915%
OEL (479 ppm).
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Figure 1. Plot of Measured Ammonia Concentrations before the Inlets and after the Outlets of the Two
Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1)
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Outlet concentrations exceeded 212% of the OEL for ammonia within the first 2 hours of testing for
each cartridge, and remained above 500% of the OEL—near inlet concentrations for all subsequent
sample times. Breakthrough' for each cartridge was evident within the first 2 hours of testing. For the
second cartridge test (SCOTT 7422-SC1), direct reading instrument measurements using a MultiRAE
Pro (RAE Systems, Inc., San Jose, California), were made several times during the first 2-hour time
period. The ammonia instrument readings shown in Figure 2 provide further indication that breakthrough
was initiated between 40 and 60 minutes.
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Figure 2.  Plot of Direct Reading Instrument Measurements of Ammonia Concentrations after the
Outlet of the SCOTT 7422-SC1 Respirator Cartridge Tested

! The breakthrough criteria for this analysis is having a measured (above DL/RL limits) sustained cartridge outlet
concentrations above 10% of the compound’s OEL.
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Mercury (see Figure 3) — The DL for mercury corresponds to approximately 7.4% of the OEL. Inlet
concentrations exceeded 42% of the OEL for mercury at the beginning and end of each cartridge test,
with the highest value recorded at the beginning of the SCOTT 7422-SD1 cartridge test at 52% of the
OEL (13 pg/m3). All outlet concentrations were below the DL, except for the final sample taken at 16
hours for SCOTT 7422-SC1, with a measured value of 13.5% of the OEL. This single data point could
indicate the beginning of breakthrough after 14 hours for the SCOTT 7422-SC1 cartridge, however, the
possibility of analytical variation should also be considered.
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Figure 3.  Plot of Measured Mercury Concentrations before the Inlets and after the Outlets of the Two

Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1).Data points noted
with | indicates measurements less than the DL or RL.
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1,3-Butadiene (see Figure 4) — The DL for 1,3-butadiene corresponds to approximately 2.0% of the
OEL. Inlet concentrations exceeded 102% of the OEL during each cartridge test, with the highest value
recorded at the beginning of the SCOTT 7422-SC1 cartridge test at 138% OEL. Outlet values appear to
exhibit breakthrough behavior over time, with multiple outlet values exceeding 10% of the OEL.
Respirator cartridge SCOTT 7422-SD1 appears to show evidence of breakthrough at the 4-hour mark
(12.2% the OEL), while cartridge SCOTT 7422-SC1 shows evidence of breakthrough at the 6-hour mark
(34.6% the OEL). For both cartridges, outlet concentrations continue to increase, ultimately exceeding
inlet concentrations by almost a factor of 2, reaching a maximum outlet concentration of 268% of the
OEL after 14 hours for the SCOTT 7422-SD1 cartridge.
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Figure 4. Plot of Measured 1,3-Butadiene Concentrations before the Inlets and after the Outlets of the
Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data points
noted with | indicates measurements less than the DL or RL.
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3-Buten-2-one (see Figure 5) — The DL for 3-buten-2-one corresponds to approximately 0.09% of the
OEL. Inlet concentrations varied from less than the DL to greater than 20% of the OEL for each of the
cartridge tests, with the highest value recorded at the end of the SCOTT 7422-SD1 cartridge test at
23.5% of the OEL (0.047 ppm). Multiple outlet values for both cartridges were consistently above the
DL, but less than 10% of the OEL, specifically less than 1.86% of the OEL after 14 hours for cartridge
SCOTT 7422-SC1.1 Neither cartridge showed evidence of breakthrough above 10% of the OEL during
the duration of the test.
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Figure 5. Plot of Measured 3-Buten-2-one Concentrations before the Inlets and after the Outlets of the
Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data points
noted with | indicates measurements less than the DL or RL.

! An outlet concentration at the 12-hour period was not recorded for the SCOTT 7422-SD1 test because of either a
broken sorbent tube or analytical laboratory malfunction.
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Furan (see Figure 6) — Furan was added to this section in Revision 1. The DL for furan using the
Carbotrap 300 tube corresponds to approximately 17.2% of the OEL. A re-evaluation of the furan
methods (see Appendix G) determined that the use of the Carbotrap 300 TDU method results identified
much higher inlet concentrations and breakthroughs above 10% of the OEL. For the BY-108 tests using
the Carbotrap 300 TDU method, furan breakthrough above DL occurred after 6 hours for the SCOTT
SD1 cartridge (maximum inlet 819% of the OEL) and after 8 hours for the SCOTT SC1 cartridge
(maximum inlet 298% of the OEL)." In comparison, ammonia breakthrough was observed in less than 2
hours.
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Figure 6. Plot of Measured Furan Concentrations before the Inlets and after the Outlets of the Two
Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data points
noted with | indicates measurements less than the DL or RL.

! Because the DL for furan was above 10% of the OEL, the DL was used as an alternate breakthrough criteria for
furan and other COPCs with elevated DLs.
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2,3-Dihydrofuran (see Figure 7) — The DL for 2,3-dihydrofuran corresponds to approximately 1.8% of
the OEL. All of the respirator outlet measurements were below analytical DLs. For both respirator
cartridges, two of the four inlet values were greater than the DL (up to 74.5% of the OEL). The first inlet
concentration measured for SCOTT 7422-SD1 was 74.5% of the OEL, and the second, after 16 hours,
was less than the DL, which could either indicate a change in inlet concentration or an error in the latter
measurement. The first inlet concentration for SCOTT 7422-SC1 was less than the DL, whereas the
second inlet concentration after 16 hours measured 70.0% of the OEL. Based on the outlet
measurements, there is no evidence of breakthrough over the measured time period for either cartridge
tested.
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Figure 7.  Plot of Measured 2,3-Dihydrofuran Concentrations before the Inlets and after the Outlets of
the Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data
points noted with | indicates measurements less than the DL or RL.

5.7



2,5-Dihydrofuran (see Figure 8) — The DL for 2,5-dihydrofuran when using the Carbotrap 300 TDU
method corresponds to approximately 32.2% of the OEL. A re-evaluation of the 2,5-dihydrofuran
sampling methods is discussed in Appendix G. Use of the Carbotrap 300 tube identified much higher
inlet concentrations and breakthroughs above 10% of the OEL for 2,5-dihydrofuran (see Figure 8).

For the BY-108 SCOTT SDI1 cartridge test using the Carbotrap 300 TDU method, the, 2,5-dihydrofuran
breakthrough above 10% of the OEL occurred between 12 and 14 hours (maximum inlet 278% of the
OEL, maximum outlet 377% of the OEL). In comparison, ammonia breakthrough was observed in less
than 2 hours.

The effluent measurements for the SCTT SC1 cartridge measured using the Carbotrap 300 tube were all
below the DL. Based on the outlet measurements, there is no evidence of breakthrough over the
measured time period for the SCOTT SCI1 cartridge tested.
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Figure 8. Plot of Measured 2,5-Dihydrofuran Concentrations before the Inlets and after the Outlets of
the Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data
points noted with | indicates measurements less than the DL or RL.
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2-Methylfuran (see Figure 9) — The DL for 2-methylfuran measured using the Carbotrap 300 TDU
method corresponds to approximately 18.6% of the OEL. A re-evaluation of the 2-methylfuran sampling
method is discussed in Appendix G. Use of the Carbotrap 300 tube identified higher inlet concentrations
for 2-methylfuran (see Figure 9). The maximum concentrations for

2-methylfuran in the inlet for SD1 and SC1 tests measured using the Carbotrap 300 TDU method were
39.2% and 34.1% of the OEL, respectively. All outlet measurements using the Carbotrap 300 TDU
method were below the DL (18.6% of the OEL) indicating no evidence of breakthrough for either
cartridge during the testing.
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Figure 9. Plot of Measured 2-Methylfuran Concentrations before the Inlets and after the Outlets of the
Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data points
noted with | indicates measurements less than the DL or RL.
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2-Propylfuran (see Figure 10) — The DL for 2-propylfuran corresponds to approximately 2.8% of the
OEL. All respirator outlet measurements were below analytical DLs. For both respirator cartridges, only
one inlet value, the final measured inlet concentration for SCOTT 7422-SC1, was greater than the DL
(up to 11.1% of the OEL). Based on the outlet measurements, there is no evidence of breakthrough over
the measured time period for either cartridge tested.
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Figure 10. Plot of Measured 2-Propylfuran Concentrations before the Inlets and after the Outlets of the

Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data points
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N-nitrosodimethylamine (see Figure 11) — The DL for NDMA corresponds to approximately 11.7%

of the OEL. All respirator outlet measurements were below analytical DLs. For both respirator
cartridges, all four inlet values were greater than the DL (up to 134% of the OEL). The first inlet

concentration measured for SCOTT 7244-SD1 was 134% of the OEL and the second, after 16 hours,
was lower at 29.3% of the OEL. Inlet concentrations for SCOTT 7244-SC1 were at 60.6% of the OEL

and 94% of the OEL for the first and second inlet samples, respectively. Based on the outlet

measurements, there is no evidence of breakthrough over the measured time period for either cartridge

tested.
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N-nitrosodiethylamine (see Figure 12) — The DL for NDEA corresponds to approximately 24.4%

of the OEL. All respirator outlet measurements were below analytical DLs. For both respirator
cartridges, the first inlet values were greater than the DL, up to 26.5% and 34.5% of the OEL for
SCOTT 7244-SD1 and SC1, respectively. The final inlet concentrations after 16 hours for both
cartridges were less than the DL. Because the DL is greater than 10%, it is recommended that this
current NDEA DL (~24% of the OEL) be used for making respirator performance determinations. Based
on the outlet measurements there is no evidence of breakthrough over the measured time period for
either cartridge tested.
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N-nitrosomethylethylamine (see Figure 13) — The DL for NMEA corresponds to approximately 9.9% of
the OEL. All respirator outlet measurements were below analytical DLs. For both respirator cartridges,
the first inlet values were greater than the OEL, up to 132% and 101% of the OEL for SCOTT 7244-SD1
and SC1, respectively. The final inlet concentrations for both cartridges were substantially lower, at
10.2% and 17.7% of the OEL, respectively. Based on the outlet measurements, there is no evidence of
breakthrough over the measured time period for either cartridge tested.
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Figure 13. Plot of Measured N-nitrosomethylethylamine Concentrations before the Inlets and after
the Outlets of the Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-
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N-nitrosomorpholine (see Figure 14) — The DL for N-nitrosomorpholine corresponds to approximately
3.6% of the OEL. All respirator outlet measurements were below the analytical DL. For both respirator
cartridges, all four inlet values were greater than the DL (up to 18.3% of the OEL). The first inlet
concentration measured for SCOTT 7422-SD1 was 18.3% of the OEL and the second, after 16 hours,
was near the DL (0.02 ppb), which could either indicate a change in inlet concentration or an error in the
latter measurement. Inlet concentrations for SCOTT 7422-SC1 were 8.74% and 6.25% of the OEL for
the first and second inlet samples, respectively. Based on the outlet measurements, there is no evidence
of breakthrough over the measured time period for either cartridge tested.
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6.0 Factoring in Historical Concentration Data

To fully assess respirator cartridge performance for COPC removal, historical data were reviewed to
determine if the recent inlet measurements were representative of typical values. Historical BY-108 data
from the Tank Waste Information Network System and the SWIHD were used for this assessment.

A complete table with historical and measured results for all 59 COPCs and their boiling point data is
shown in Appendix F, along with a description of the historic source data that were used. Table 2 shows
a subset of data for COPCs with boiling points below 70°C because a low boiling point can be a general
indicator of poor adsorption on solid media.

In total, 10 COPCs have been previously measured in the BY-108 headspace at concentrations above
10% of their respective OELs and above analytical RLs. These COPCs include ammonia, nitrous oxide,
mercury, 1,3-butadiene, 1-butanol, acetaldehyde, furan, 2-heptylfuran, NDMA, and 2-fluoropropene. Of
these 10 COPCs:

¢ Ammonia, mercury, and NDMA average and maximum inlet concentrations measured in this
cartridge study were generally consistent' with historic headspace measurements. 1,3-Butadiene
average and maximum inlet concentrations were 30% and 59% lower than historic headspace
concentrations, respectively.

¢ Furan maximum inlet concentrations from testing using the Carbotrap 300 TDU method were
measured at approximately 819% of the OEL, which is lower than historical headspace analysis
where reported concentrations exceeded 1000% of the OEL. Historic measurements of other furan-
based compounds (i.e., substituted furans) have been consistently less than the RL, except for 2-
heptyfuran where several pre-2006 measurements reported a maximum of more than 6000% of the
OEL.

¢ |-Butanol and acetaldehyde average and maximum inlet concentrations were a factor of 5 and 10
lower than historical concentrations, respectively. In more recent headspace sampling results,
1-butanol concentrations averaged approximately 19% of the OEL, compared to average cartridge
inlet concentrations of 3.7% of the OEL. Recent acetaldehyde concentrations were measured at 11%
of the OEL, compared to cartridge testing inlet concentrations of 1% of the OEL.

e 2-Fluoropropene is a TIC with a single, historic analysis result from pre-2006 BY-108 headspace
sampling that measured 530% of the OEL. No recent analysis results for this COPC are available,
and it was not detected in the inlet during this cartridge study.

In addition to the 10 COPCs listed above with historic concentrations exceeding 10% of their OELs,
four additional COPCs were detected in this study at concentrations near or exceeding 10% of their
OEL. NDEA, NMEA, N-nitrosomorpholine, and formaldehyde average and maximum inlet
concentrations in this study were higher than the single previous measurements of these COPCs in BY -
108 headspace. The cartridge maximum inlet values were 35%, 132%, and 18% of the OEL for NDEA,
NMEA, and N-nitrosomorpholine, respectively, compared to approximately 8% of the OEL from the
prior measurement. Similarly, formaldehyde average and maximum inlet concentrations of 5.3% and
8.6% of the OEL, respectively, were higher than the previous average and maximum of 1.3%.

!Inlet concentrations were considered generally consistent if they were within a factor of 2 (=50% to +100%) of
historic maximum and average headspace concentrations. Maximum inlet concentrations for these COPCs were
26% lower to 70% higher than historic maxima, and average inlet concentrations ranged from 33% lower to 1%
higher than the historic average.
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Historic concentrations of 3-buten-2-one in BY-108 headspace were all less than the RL, whereas this
study measured inlet concentrations as high as 23.5% of the OEL. However, RLs for the prior analyses
appear to have been substantially higher than the DLs used in the current cartridge study, making a direct
comparison of results difficult.

Nitrous oxide was not measured in this cartridge study as previously noted but has been reported in pre-
2006 headspace samples at a concentration greater than 1000% of the OEL. A single, more recent
headspace analysis result reported a concentration of only 3.6% of the OEL.

Table 2. Historical Tank BY-108 Headspace Data for COPCs with Boiling Points less than 70°C

(158°F)
Historical Measurements" Measurements in this Study
ional Highest Val
Boiling Occupationa Max. |Average| Max. [Average| Max Inlet ighest Value
COPC Number and CAS R Exposure # of from
Name Number Point Limit Values Value | Value | Value | Value Value Respirator
°F m m % OEL) | (% OEL % OEL
(F) (OEL) PP ppm | (% OEL) | (% OEL)| (% OEL) |, 1ot (% OEL)
1 1.8 1.8 3.6% 3.6%
2 Ni i 10024-97-2 -127 Not M
itrous Oxide 0024-9 50 ppm 20 I 831 [ 545 [1662% [ 1090% ot Measured
1 Ammonia 7664-41-7| -28 25 ppm 1 644 644 2576% | 2576% 1915% | 1912%
0 n/a n/a n/a n/a
50 2-Fluoropropene 1184-60-7| -11 0.1 ppm 1 r 053 [ 053 [ 530% [ 530% Not Detected - TIC
14 Formaldehyde 50-00-0 -6 0.3 ppm 1 0.003810.00381| 1.3% 1.3% 8.6% | 0.85%
53 Methyl nitrite 624-91-9 10 0.1 ppm 0 n/a n/a n/a n/a Not Detected - TIC
. 2 338 [ 17 [ 338% | 170% . .
4 1,3-Butadiene 106-99-0 24 1 ppm 31 [ 338 |o174* [ 338% 17%% 138% 268%
42 Ethylamine 75-04-7 62 5 ppm 1 <RL <RL <RL <RL 3.6% 0.10% (RL)2
15 Acetaldehyde 75-07-0 69 25 ppm 1 2.82 2.82 11% 11% 1.1% 0.78%
5 <RL | 23.1* | <RL [2310%* . .
19 Furan 110-00-9 88 1 ppb 6 [ 547 110% | 54700% l11000%* 819% 698%
59 Methyl Isocyanate | 624-83-9 | 103 20 ppb 0 n/a n/a n/a n/a Not Detected - TIC
20 2,3-Dihydrofuran | 1191-99-7| 130 1 ppb 1 <RL <RL <RL <RL 74.5% 1.8% (DL)
22 2-Methylfuran 534-22-5 147 1 ppb 5 <RL <RL <RL <RL 39.2% <RL
8 Methanol 67-56-1 148 200 ppm 1 <RL <RL <RL <RL Not Measured
21 2,5-Dihydrofuran 1708-29-8( 152 1 ppb 5 <RL <RL <RL <RL 278% 377%

! Historical data from TWINS industrial hygiene vapor database and SWIH database; see text for links and dates of queries. Values in italics
include those data plus data from the TWINS headspace database, all samples earlier than May 2005.
* indicates that the value of the average would differ by a factor of 2 or more (in either direction) if non-reports were excluded.
"< RL" indicates that all pertinent measurements of the analyte were less than the reporting level
Plain font in the table indicates that only the recent databases (SWIHD headspace and TWINS Industrial Hygiene) were included.
Italics mean that the pre-2006 TWINS headspace data were also included.
"n/a" indicates no historical data was found in the databases
2 "(DL)" indicates value represents approximate detection limit (DL), which is calculated using the reported detection limit (or reporting
limit - RL, where noted) from the analytical laboratory and the average volume (from flowrate x time) of vapor exposed to the sorbent

3 Updated for the Carbotrap 300 TDU method measurements.
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7.0 Conclusions

Testing was conducted during the July 15-17, 2016, period using headspace vapors from Hanford tank
BY-108 under static conditions. The vapors were fed to a respirator cartridge test stand developed by
WRPS in collaboration with HiLine Engineering (Richland, Washington). Multipurpose respirator

cartridges SCOTT 7422-SD1 and SCOTT 7422-SC1 (SCOTT Safety, Monroe, North Carolina) were each

assessed with the tank headspace vapors in tests conducted on separate days. Sorbent tubes were used to
collect samples of the vapor stream entering and exiting the respirator cartridge and were subsequently
analyzed for COPC concentrations. PNNL was tasked to independently analyze the collected data, and
make recommendations based on the results for respiratory cartridge performance and service life.

The BY-108 data are expected to provide conservatively high COPC concentrations compared to the
ambient concentrations inside and outside the tank farm. Further, the flow rate through each respirator
cartridge was maintained conservatively high compared to normal human breathing rates. The average
temperatures of the sample slipstream during testing ranged from 66 to 91°F, and the average relative
humidity ranged from 34 to 86%. The inlet concentrations measured are shown in Table 1. Thus, any
conclusions on respirator cartridge performance pertain to the above-stated conditions.

The following are the key conclusions from the assessment of the 59 COPCs in the current analysis:

o Based on measurements of the cartridge inlet vapor concentrations from tank BY-108, six
COPCs—ammonia, 1,3-butadiene, furan, 2,5-dihydrofuran, NDMA, and NMEA—exceeded their
OELs'. Seven additional COCPs—mercury, 3-buten-2-one, 2,3-dihydrofuran, 2-methylfuran, 2-

propylfuran, NDEA, and N-nitrosomorpholine—had inlet concentrations greater than 10% of their
corresponding OEL.

Ammonia inlet concentrations during the testing reached 479 ppm, comparable to BY-108 headspace
measurements previously obtained.” The apparent breakthrough above 10% of the OEL for both
respirator cartridges occurred quickly during the testing—Iess than 2 hours. Direct reading instrument
measurements taken at intervals during the first 90 minutes of testing of SCOTT 7422-SC1 indicate
that breakthrough for that cartridge occurred after 40 minutes. This breakthrough is consistent with
expectations, considering the high inlet concentrations.

1,3-Butadiene measurements were almost 60% lower than previous maximum headspace
measurements,' but did appear to exhibit breakthrough above 10% of the OEL for both cartridges
tested. The observed breakthrough above 10% of the OEL for the SCOTT 7422-SD1 cartridge was
after 2 hours and the breakthrough above 10% of the OEL for the SCOTT 7422-SC1 cartridge was
after 4 hours.

Furan inlet concentrations reached a maximum of 819% of the OEL when assessed using the
Carbotrap 300 sorbent tube-derived data. Furan breakthrough above 10% of its OEL occurred after 6
hours for the SCOTT 7422-SD1 cartridge (maximum inlet 819% of the OEL), and after 8 hours for
the SCOTT 7422-SC1 cartridge (maximum inlet 298% of the OEL). In comparison, ammonia
breakthrough was observed in less than 2 hours.

! Occupational Exposure Limits accepted for Hanford tank farm use are based on OELs established by a U.S.
governmental agency or national professional organization (e.g., OSHA, NIOSH, American Conference of
Governmental Industrial Hygienists), or if no U.S. OEL exists, standard toxicological practices are applied to
develop OELs using non-U.S. exposure limits. The OEL for NDMA was established in 2005 based on the MAK
(Maximale Arbeitsplatzkonzentration) Commission standard adopted in Europe.

2 Comparison was made to the most recent BY-108 sampling and analysis (2008-2009) available from the SWIHD
at the time of this report.
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e The maximum 2,5-Dihydrofuran inlet concentration reached 278% of the OEL when assessed using
the Carbotrap 300 sorbent tube for the SCOTT 7422-SD1 cartridge test only. Breakthrough above
10% of its OEL occurred between 12 and 14 hours. All inlet and outlet concentrations were below DL
for the SCOTT 7422-SCl1 cartridge test, where no breakthrough was observed. In comparison,
ammonia breakthrough was observed in less than 2 hours.

o QOutlet concentrations for mercury and 3-buten-2-one were above DLs for one or more measurements.
Mercury exceeded 10% of the OEL at the end of testing on one cartridge but was less than the DL for
all other outlet measurements. Outlet measurements for the other COPCs never exceeded 10% of their
OELs. These observations do not conclusively indicate breakthrough for any of these COPCs.

o All other COPCs had outlet concentrations less than detection limits, indicating no cartridge
breakthrough above 10% of the OELs for the testing period.
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8.0 Recommendations

Based on the measurements taken for this study, breakthrough occurred early in the test sequence for
ammonia and 1,3-butadiene. The ammonia breakthrough above 10% of the OEL was less than

2 hours for both cartridges tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Breakthrough of all other
COCPs including furan and 2,5-dihydrofuran occurred after ammonia breakthrough, indicating ammonia
may be used as a leading indicator for estimating cartridge service life. Because outlet measurements
from laboratory analysis are unavailable between time zero and 2 hours, and inlet ammonia
concentrations exceed NIOSH recommendations for APR use,[19] identification of an acceptable change-
out frequency is not possible or recommended for the use of these cartridges in similar concentration
environments.

Additional recommendations related to NDMA and NDEA DLs, TICs, further data assessment,

and future testing documented in PNNL-25860" for respirator cartridge testing on a slipstream from

the Hanford AP tank exhauster also are relevant to BY-108. BY-108 headspace provided higher
concentrations of several COPCs than other tanks or exhausters used in respirator cartridge testing to
date? (e.g., ammonia, 1,3-butadiene, furan, 2,3-dihydrofuran, 2,5-dihydrofuran, and NMEA). Future
testing and multi-tank analysis of cartridge performance with a wider range of COPC concentrations and
test conditions should help improve understanding of overall cartridge performance.

""Nune, SK, J Liu, CJ Freeman, and TM Brouns. 2016. Analysis of Respirator Cartridge Performance Testing on a
Hanford AP Tank Farm Primary Exhauster Slipstream. PNNL-25860, Pacific Northwest National Laboratory,
Richland, Washington. (Unpublished)

2 At the time of this report, analysis of results of cartridge testing on the AP exhauster and headspace from tanks
SY-102, A-101, and BY-108 have been performed.
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Appendix A

Description of Respirator Cartridge Testing Setup

The respirator cartridge-testing system was developed by Washington River Protection Solutions and
HiLine Engineering (Richland, Washington) to comprehensively test respirator cartridge performance
with actual Hanford tank headspace or exhauster slip stream gases. Tank headspace or exhauster slip
stream vapors are pulled directly from the source through a flexible hose connecting the tank or exhauster
sampling port within the tank farm/exhauster fence line to the respirator cartridge-testing system outside
the farm.[13,14] Multiple in-line particulate filters are installed in the line between the tank/exhauster
and test system to remove potential radioactive particulates. Each filter unit contains a hydrophobic
Fluoropore™ polytetrafluoroethylene filter (Millipore Sigma, Billerica, Massachusetts) that is required
pursuant to the radiological work permit. This polytetrafluoroethylene filter medium is the same material
used for routine tank vapor area monitoring as well as sampling and analysis of sources (headspace and
exhausters) and was selected because of its broad chemical compatibility that minimizes sorption of, or
reactions with, chemical compounds. The filter medium is not expected to adversely impact the test
objectives because all tank farm vapor sampling uses this type of filter medium.

The test equipment allows for sampling the vapor stream both before and after the cartridge so
performance for a given COPC can be quantified. Sorbent media tubes were used to capture the COPCs
and other hazardous contaminants. After a given test segment, the sorbent tubes were removed and
analyzed. Sampling of the exhaust gas was performed every 2 hours, but this timing can be modified as
necessary.

Figure A.1 provides a general schematic diagram for the respirator cartridge test apparatus, and

Figure A.2 shows photographs of the actual equipment. The test system operates using vacuum to

draw tank gases/vapors into the unit so the potential for leakage to atmosphere is minimized until the
gases/vapors are under positive pressure downstream of the vacuum pumps. By the time gases reach the
vacuum pump, COPCs are essentially captured or removed by either the sorbent tubes or the respirator
cartridge. [13,14]

Flows through the respirator cartridge and through each sorbent tube were set and controlled/maintained
using manual flow control valves on the outlet of each rotameter, and rotameters were calibrated against
DryCal primary flow calibrators before and after testing. DryCal flow meters also were used downstream
of the sorbent tubes to measure the flow through each sorbent tube. All equipment connections were leak
tested prior to initiation of the test. Temperature, relative humidity, and pressure of the inlet gas/vapor
stream were monitored by calibrated instrumentation.

Using Industrial Hygiene-approved materials, cartridge test equipment was constructed so that it would
not influence/interfere with vapor analysis. Stainless steel or Teflon™ tubing and fittings are used where
possible because of their relatively inert nature to the vapors being analyzed. Limited portions of the
assembly used acrylic, Viton™, glass, and Masterflex C-flex tubing, which are commonly used for
various vapor-sampling applications.
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Analytical Testing

The Sampling and Analysis Plan was developed under the direction and oversight of the Industrial
Hygienist in conjunction with the Tank Farms Operations Contractor Retrieval and Closure, and Tank
Farms Project and/or Production Operations Project Management Team.

Chemical compounds in the tank samples were analyzed using approved industrial hygiene methods or
National Institute of Occupational Safety and Health (NIOSH)-approved methods for quantifying
hazardous airborne contaminants in the tank farm vapors. Methods including gas chromatography/mass
spectrometry were used as the primary analytical techniques for identifying hazardous airborne
contaminants (see Table B.1).

Table B.1. Information on Sorbent Media used to Capture Contaminants, Flow Rates Used, Analytical
Methods to Extract Analyte from Sorbent Media, and Method Analysis to Quantify or
Estimate the Concentrations of Hazardous Contaminant

Flow Rate Analytical Instrument Analysis
Analyte Media (mL/min) Method® Used” Location®

Acetonitrile Charcoal Tube, SKC- 100 NIOSH 1606 GC-FID ALS
226-09

Acetonitrile Carbotrap 300 33 EPA TO-17 GC/MS WRPS
TDU Tube Modified

Furans TDU Tenax TA 33 EPA TO-17 GC/MS WRPS

Modified

Semivolatile Carbotrap 150 33 EPA TO-17 GC/MS WRPS

Organic TDU Tube Modified

Compounds

Volatile Organic ~ Carbotrap 300 33 EPA TO-17 GC/MS WRPS

Compounds TDU tube Modified

Mercury Anasorb C300, SKC- 250 NIOSH-6009 CVAA WHL
226-17-1A

Ammonia Anasorb 747 200 OSHA-ID-188 IC WHL
(sulfuric acid), SKC-
226-29

1,3-butadiene Charcoal, SKC-226- 200 NIOSH-1024 GC-FID ALS
37, (Parts A and B)

Aldehyde DNPH Treated Silica 200 EPA TO-11A HPLC ALS
Gel,
SKC-226-119

Pyridine Coconut Shell 1000 NIOSH-1613 GC-FID ALS
Charcoal,

SKC-226-01offsite
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Flow Rate Analytical Instrument Analysis
Analyte Media (mL/min) Method? Used" Location®
Nitrosamines Thermosorb/N 2000 NIOSH-2522 GC-TEA CBAL
Modified
Ethylamine XAD-7 (NBD) 200 OSHA-ID-34, HPLC-UV ALS
Chloride), 36, 40, and 41
SKC 226-96

@ Analytical Method
NIOSH: National Institute of Occupation Safety and Health
EPA: U.S. Environmental Protection Agency
OSHA: Occupational Safety and Health Administration
b Instrument Used
GC-FID: Gas Chromatography-Flame Ionization Detector
GC/MS: Gas Chromatography-Mass Spectrometry
CVAA: Cold Vapor Atomic Absorption
IC: Ion Chromatography
HPLC: High Performance Liquid Chromatography
GC-TEA: Gas Chromatography-Thermal Energy Analyzer
HPLC-UV: High Performance Liquid Chromatography-Ultraviolet Detector
¢ Analysis Location
ALS: ALS Environmental Salt Lake City
WRPS-222S: Washington River Protection Solutions, Organic Studies Group
WHL-222S: Wastren Hanford Laboratory
CBAL: Columbia Basin Analytical Laboratory, part of the RJ Lee Group
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Raw Analytical Data

C.1 Description

This appendix includes raw data of flow rate, temperature, pressure, and humidity, and analytical data for
the BY-108 data set. Calculations using this data are given in Appendix D.

The raw analytical data is only given in this appendix. Washington River Protection Solutions (WRPS)
converted these data into Excel data spreadsheets that were transmitted to Pacific Northwest National
Laboratory. Comments on that conversion are provided below.

The analytical measurement results listed in results spreadsheet columns were transferred from entries
labeled ‘result’ in the raw analytical .pdf files. The results were transferred into three rows in the
spreadsheets. The first row contained the relevant information with the appropriate units. Where a results
entry was given as ‘ND’ in the .pdf, a ‘<’ symbol was used. Where a detection limit (DL)/reporting limit
(RL) was listed as ‘n/a,’ the result entry in the spreadsheet was given as “0.0.’

The use of the RL or DL varied among analytical laboratories. The term RL (equivalent to a limit of
quantification) was used instead of the term DL by ALS Environmental Salt Lake City, Columbia Basin
Analytical Laboratory, and 222S—Wastren Hanford Laboratory (see Table F.1 in Appendix F for a
complete correlation of which Chemicals of Potential Concern used an RL or a DL). The WRPS
laboratory provided a DL, in contrast to an RL. Neither RLs nor DLs were provided for tentatively
identified compounds (TIC).

Chain of custody information is provided clearly in the raw analytical data .pdf files, including analyte
name, sample numbers, and laboratory-assigned numbers. Chemical Abstract Service numbers were not
provided.

The nomenclature of the sample identification (ID) is the same for every set of chemicals. It is generally
composed of a survey number, tank farm ID, test location, sample line, and tube bundle ID. Descriptions
of these nomenclatures are given as follows:

¢ ‘BK-BASE’ means measurements obtained for blank experiment before plugging into the system.
‘BASE’ means measurement obtained for ambient air (fresh air vs. tank vapor).

e ‘5982’ designations correspond to testing with the SCOTT 7422-SD1 respirator cartridge, whereas
5983’ designations correspond to testing with the SCOTT 7422-SC1 respirator cartridge.

e Position designators ‘A1’ and ‘H1’ were respirator cartridge inlet measurements at 0 to 2 hours and
14 to 16 hours, respectively. The other position designators corresponded to respirator cartridge outlet
measurements: A2 (0 to 2 hours), B1 (2 to 4 hours), C1 (4 to 6 hours), D1 (6 to 8 hours), (8 to 10
hours), F1 (10 to 12 hours), G1 (12 to 14 hours), and H2 (14 to 16 hours).

e For example, sample ID 16-05982-5-A1 corresponds to the first cartridge survey (16-05982), sample
line 5, and the first (0 to 2 hours) influent sample bundle (Al).
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The flow rate passing through the respirator cartridge was approximately 30 L/min, while the sampling
flow rates through the sorption tubes ranged between 30 and 200 mL/min for different chemicals that
were being collected. WRPS provided these flow rates in files ‘BY Farm 7-15 7-16.xlsx and BY Farm 7-
16 7-17.xlsx.” The information is shown in the tables below.

WRPS provided the temperature and humidity information in files ‘BY-108 DRI July 15-16.xls’ and
‘BY-108 DRI July 16-17.x1s.” DRI in these file names is the abbreviation for direct reading instrument.
The information is shown in the tables provided in this appendix. Several terms used in the DRI files are
described below.

e ‘Pre’ and ‘Post’ indicate the general time signature when the DRI measurements were taken.
‘Pre’ refers to the beginning of the 2-hour sample duration, and ‘Post’ refers to the end of the
2-hour sample duration.

o ‘Influent’ and ‘Effluent’ indicate the location of the measurement within the test system. ‘Influent’
measurements are taken at the inlet of the system upstream of the respirator cartridge. ‘Effluent’
measurements are taken downstream of the respirator cartridge. The pressure, temperature, and
humidity effluent sensors are located at the end of the test system near the vacuum pump, whereas the
DRI measurements for ammonia and volatile organic compounds (VOC) are from a sampling location
between the respirator cartridge and the effluent sorbent tube samples.

e The DRI measurements for ammonia and VOCs could not be taken while the test system sample
pumps were operational. ‘After Sample Taken’ refers to the time signature for these direct read
results (e.g., Sample DRI measurements were taken immediately after the Sample A sorbent tubes
were taken and replaced with Sample B sorbent tubes).

e Prior to testing with the waste tank vapors, a 2 hour “baseline” sample is collected by running
ambient outside air through the sampling system before each cartridge is installed for testing. ‘BASE’
means measurements obtained for ambient air (i.e. fresh air, not tank vapor) running through the test
system before initiation of tank vapor testing.

e Columns labeled Mach. Base 1 and Mach. Base 2 refer to the ‘BASE’ baseline samples for influent
and effluent, respectively, to verify machine cleanliness prior to experimental measurements.

¢ ‘BLANK’ means measurements obtained from sorbent tubes that have not had any vapor stream
passed through them.
The raw analytical data for chemicals in each category are summarized together. Examples of chemicals

in each category follow:

e Semivolatile organic compounds (SVOC): Biphenyl, Diethylphthalate, Tributyl phosphate, Dibutyl
butylphosphonate, Dodecane, Hexadecane

e SVOCTIC: Undecane, Cyclotetrasiloxane, octamethyl, Decamethlycyclopentasiloxane,
Dodecane,4,6-dimethyl

e VOC: Acetone, Acetonitrile, Acetophenone, Benzene, Butanal,
1-Butanol, Butanenitrile, 3-Buten-2-one, Cyclohexane, Decane, Ethanol, Ethylbenzene, Furan,
Hexane, Hexanone, Methylene Chloride, Propanenitrile, Styrene, Tetrachloroethene, Toluene,
Trichlorofluoromethane

e VOCTIC: 2,6-Dimethyldecane, Decane, 2,3,5,8-tetramethyl-, Decane, 3,7-dimethyl-, Methenamine,
Undecane, 2,6-dimethyl-

e Furans: 2,3-Dihydrofuran, 2-Pentyfuran, Furan, Tetrafuran
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e Ethylamine (amines): Dimethylamine, Ethylamine, Methylamine
e Acetonitrile: Acetonitrile

e Mercury: Mercury

e Ammonia: Ammonia

e Aldehyde: Acetaldehyde, Acetone, Butyraldehyde. Formaldehyde, Hexanal, Propionaldehyde,
Valeraldehyde

e 1,3 Butadiene: 1,3-Butadiene
o Pyridines: 2,4-Dimethylpyridine, Pyridine

o Nitrosamines: N-nitrosodimethylamine.

C.2 Experimental Parameters

C.2.1 Flow Rates
First Cartridge, or Survey 1 (7/15-7/16) BY-108

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach.
Analyte Line | Base 1 | Base 2

Al A2 Bl C1 D1 E1 F1 G1 H1 H2

SVOC A ]3.9222]14.2076(3.7164|4.1801 | 4.068 | 3.828 |3.6198]3.9078| 3.96 | 3.948 | 4.056 | 3.876
VoC B ]4.1615[4.0114]4.223913.7704 | 3.888 | 3.894 | 3.804 |3.8159] 3.954 | 3.936 |3.8271] 1.208
Furans C ]3.9209| 3.901 |3.8978|3.7884 ]| 2.816 | 3.84 | 3.774 |3.9326] 3.978 | 3.894 | 3.8952] 1.298
Ethylamine D |12.404|12.876]12.543|12.814]11.778]11.928|11.418| 12.004] 12.186| 12.224 | 24.21 | 11.946
Acetonitrile E |11.744]112.172112.313112.061] 1254 |12.468]12.108|11.712] 11.91 | 12.294] 12.066] 12.048
Mercury F | 30.45 | 29.55830.125] 30.703 | 30.385] 30.972| 29.55 | 29.705] 30.12 | 29.928 | 29.982 | 29.676
Ammonia G | 24.949| 23.95 | 24.379| 23.727 | 24.294 | 24.294 | 23.946| 23.917 | 24.432 | 23.838 | 23.858 | 22.646
Aldehyde H |24.236]24.194 | 23.921 | 23.735]24.576]|24.918 | 24.426| 23.828 | 23.898| 24 |23.562|23.886
1,3-Butadiene | ]24.188]24.663 | 24.013 | 24.526 | 24.042 ] 24.012| 23.172] 23.391] 23.55 | 23.796] 23.736| 23.586
Pyridine J |125.28|126.54| 123 124.2 | 124.8 | 1254 | 123 124.2 | 123.6 | 119.94] 120 | 118.8
Nitrosamines | K |238.98]|250.74| 238.8 | 247.2 | 240.6 | 242.4 | 2406 | 243.6 | 246 | 241.2 | 238.8 | 241.2

Flow Rates {(ml/min)

Sample Box Number | Mach. | Mach.

A A2 1 £ D1 E F G1 1 2
Analyte Line | Base 1 | Base 2 1 8 ! 4 * H a

SVOC A |32.685]35.064 | 30.97 | 34.835| 33.9 31.9 |30.165]32.565] 33 32.9 33.8 32.3
VoC B | 34.68 [33.428]35.199| 3142 | 324 | 3245 | 317 31.8 | 3295 | 32.8 |31.893] 1093
Furans C ]32.674]|322.509|33.315| 2157 | 318 32 31.45 |32.772] 33.15 | 32.45 | 32.46 | 10.817
Ethylamine D J103.37| 107.3 | 104.53 | 106.79] 98.15 | 99.4 | 95.15 | 100.04] 101.55] 101.95] 201.75| 99.55
Acetonitrile E |97.869|101.43|102.61|100.51| 104.5 | 103.9 | 100.9 | 97.6 | 99.25 | 102.45] 100.55] 100.4
Mercury F ]253.75|24632|251.05| 255.86|253.21| 258.1 | 246.25|247.55| 251 | 249.4 | 249.85| 247.3
Ammenia G |207.91|199.58|203.16| 197.73 | 202.45] 202.45]| 199.55| 199,31 | 203.6 | 198.65| 198.82] 197.05
Aldehyde H | 202.8& | 201.62 ) 199.35) 197.79| 204.8 | 207.65| 203.55 | 198.57 | 199.15| 200 |196.35|199.05
1,3-Butadiene | | |201.57[205.53|200.11]|204.39|200.35| 200.1 | 193.1 | 194.93| 196.25| 198.3 | 197.8 | 196.55

Pyridine ] 1044 | 1054.5) 1025 | 1035 | 1040 | 1045 | 1025 | 1035 | 1030 | 999.5 | 1000 | 990
Nitrosamines K ]1991.5(2089.5| 1990 | 2060 | 2005 | 2020 | 2005 | 2030 | 2050 | 2010 | 1990 | 2010
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Second Cartridge, or Survey 2 (7/16-7/17) BY-108

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach.

Analyte Tine | Base 1. | Base 2 Al A2 Bl Cc1 D1 E1 F1 Gl H1 H2
SVOC A | 4.026 |4.0937|3.9761[4.2718] 4.122 | 4.122 | 3.8454|3.8028 | 3.837 |3.8033|3.8706| 3.895
VoC B ]4.1732| 4.026 |4.2101]3.9197| 3.516 | 3.9503 | 3.6845]3.8772| 3.84 | 3.93 |3.8628]3.2718
Furans & 4.11 | 3.954 | 4.236 | 3.9804)] 3.996 | 3.918 |4.0028|3.9156| 3.876 | 3.906 | 3.8382| 3.8226

Ethylamine D |12.474|13.062|13.324|14.012]12.378| 12.39 |12.449]|11.988| 11.895] 11.964 ] 11.958| 11.801
Acetonitrile E |12432]12.606] 13.163|12.989]112.294|12.072]12.095] 11.844|11.857| 11.867]| 11.762| 12.244
Mercury F |20.162|30.408|31.234|31.583 |30.588 | 30.468 | 30.619| 30.08 [30.004 | 30.09 | 29.91 | 29.992
Ammonia G |24.294|24.984|24.312 | 26.077 | 24.612 | 24.186| 24.152 | 23.874 | 23.808 | 24.012| 23.748| 24.15
Aldehyde H |24.744| 25.17 | 26.745| 25.724 | 24.168 | 23.766 | 23.778 | 23.688 | 24.044 | 23.778 | 23.568 | 23.628
1,3-Butadiene | | | 24.39 | 25.008] 25.315| 26.486] 24.726| 24.546| 24.603 | 23.64 | 23.853 | 23.724 | 24.084 | 23.539
Pyridine 1 125.4 | 122.4 |129.58]|123.88| 131.4 |119.16|120.78| 1194 | 117.6 | 118.2 117 121.2
Nitrosamines | K | 243.6 | 241.2 |252.34 | 246.76] 239.4 | 241.8 [ 248.88| 246 | 244.2 | 246 | 241.8 | 243
Flow Rates (ml/min)
Sample Box Number | Mach. | Mach.

Aviaiyts Tine LEne | petes Al A2 Bl c1 D1 El F1 G1 H1 H2
SVOC A | 33.55 |34.114|32.065| 3445 | 3435 | 3435 | 3152 | 31.69 |31.975|31.694|32.255]|32.458
VOC B |34.777] 33.55 | 33.953 |31.611]| 31.8 |32.919|30.201] 32.31 32 32.75 | 32.19 | 27.265

Furans c 3425 | 32.95 |34.161| 32.1 333 32.65 | 3281 | 32.63 | 323 | 32,55 |31.985|31.855

Ethylamine D J102.95]|108.85|107.46| 113 |103.15]103.25|102.04| 99.9 ]|99.125| 99.7 | 99.65 | 98.24
Acetonitrile E | 103.6 | 105.05| 106.16 | 104.75| 102.45| 100.6 | 99.14 | 98.7 | 98.81 | 98.89 | 98.02 | 102.04
Mercury F |251.35| 253.4 | 251.89| 254.7 | 254.9 | 253.9 | 250.98 | 250.67 | 250.03 | 250.75| 249.25 | 249.93
Armmonia G |202.45| 208.2 | 202.6 | 210.3 | 205.1 | 201.55| 197.97 | 198.95| 198.4 | 200.1 | 197.9 | 201.25
Aldehyde H 206.2 | 209.75] 215.69 | 207.45| 201.4 | 198.05| 194.91| 197.4 | 200.36| 198.15| 196.4 | 196.9
1,3-Butadiene | | ]203.25| 208.4 | 204.15| 213.6 | 206.05| 204.55]| 201.66| 197 |198.78| 197.7 | 200.7 | 196.16
Pyridine J 1045 | 1020 | 1045 999 1095 Q93 990 995 980 985 975 1010
Nitrosamines | K | 2030 | 2010 | 2035 | 1990 | 1995 | 2015 | 2040 | 2050 | 2035 | 2050 | 2015 | 2025
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C.2.2

Temperature, Pressure, and Relative Humidity

First Cartridge, or Survey 1 - BY-108 - 28 L/min through main respirator

| Influent- Pre After Sample Taken
|Reading UOM | Baseline A B (< D E F G H
Temperature F 76.3 83.7 87 88.2 87.4 76.6 70.9 71 65.5
Pressure Torr 738.5 719.7 | 720.6 | 721.8 722 720 7341 | 723.6 | 721.2
Relative Humidity % 38.4 36 49.8 | 475 | 48.4 63.6 | 752 73.5 81.2
NH3 ppm
VOC ppm
| Influent - Post After Sample Taken
|Reading UOM | Baseline A B C D E F G H
Temperature F 82.9 87.4 88.3 88.1 87.4 70.7 70.7 68 66
Pressure Torr 736.6 719 719.7 | 721.3 722 721 7343 | 7235 | 7214
Relative Humidity % 34.4 48.9 43 48 | 484 | 748 | 763 | 786 | 769
NH3 ppm 99+ 99+ 99+ 99+ 99+ 994 994 99+
VOC ppm 243 | 277 | 281 | 249 | 261 | 98 | 226 | 96
| Effluent- Pre After Sample Taken
|Reading uoMm Baseline A B (¢ D E F G H
Temperature F 75.6 819 87.2 91.2 89.3 78 718 69.6 66.4
Pressure Torr 3736 | 386.9 | 383.8 | 400.4 | 401.1 | 389.6 | 394.1 | 383.8 | 395
Relative Humidity % 45.2 74 45.6 43 43.4 47.2 49.4 52.6 56.4
NH3 ppm
VOC ppm
| Effluent- Post After Sample Taken
|Reading UOM | Baseline| A B C D E F G H
[Temperature F 812 | 88.6 | 921 | 908 | 89.3 | 725 | 69.4 | 678 | 66
Pressure Torr 401.7 406.4 | 404.9 | 406.6 401 400.6 401 398.6 | 400.2
Relative Humidity % 40.4 44.8 42.9 | 433 | 434 52.2 52 56.3 56.9
NH3 ppm 99+ 99+ 99+ 99+ 99+ 99+ 99+ 95
VOC ppm 8.7 17.6 223 21.5 25.2 9.8 106 171
Second Cartridge, or Survey 2 - BY-108 - 28 L/min through main respirator
| Influent- Pre After Sample Taken
|Reading UOM | Baseline A B C D E F G H
Temperature F 76.1 83.1 87.8 89.2 90.7 83.9 80.3 74.6 72.9
Pressure Torr 735.8 719.4 | 726.2 720 720.2 | 718.2 | 719.2 720 718
Relative Humidity % 60.7 59.5 496 | 47.6 | 452 53.6 | 596 | 679 71.3
NH3 ppm
VOC ppm
| Influent - Post | After Sample Taken
|Reading UOM [Baseline [A |6 c D E 3 G H
Temperature F 82.9 89 91.3 | 911 84.1 79.6 | 748 72.7 71.2
Pressure Torr 735.7 718.9 | 725.3 719 720 718 719.4 | 720.8 | 718.1
Relative Humidity % 51.3 48.7 45.5 45.8 53 60.4 68.4 71.3 74.8
NH3 ppm
VOC ppm
| Effiuent - Pre | After Sample Taken
|Reading UOM |Baseline |A |8 C D E | G H
Temperature F 75.9 82.6 88.4 90.7 91.4 85.3 83.2 75.7 73.4
Pressure Torr 399.5 | 393.2 | 397.7 | 395.4 | 395 | 395.2 | 395 | 398.6 | 399.2
Relative Humidity % 47.3 43 434 41.1 40.8 41.9 43.1 47 48.6
NH3 ppm
VOC ppm
| Effiuent- Post | After Sample Taken
|Reading UOM |Baseline |A |B c D E |F G H
Temper-ature F 82.2 90.3 94.9 94.6 87 83.4 76.4 73.5 71.8
Pressure Torr 409.5 410.8 | 410.5 412 410.1 407 406.6 | 403.5 | 404.9
Relative Humidity % 43.1 43.6 39.8 39.9 41.8 43.7 47.7 49.7 51.8
NH3 ppm 99+
VOC ppm 21.7
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C.3 Raw Analytical Data

SVOC and SVOCTIC
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C.34

Amines

ALS

Robert (Buddy) Sosa
Washington River Protection So
PO Box 850, MSIN T6-02
Richland, WA 99352

Analytical Results

ANALYTICAL REPORT

Report Date: July 26, 2016

Phone: (509) 373-1262

E-mail: robert_w_sosa@rl.gov

20162004

Workorder: | 34-1620245

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: 8167021173
Lab 1D: 1620245001

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube

Analyzed: 07/25/2016

50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided
Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine 0.21 NA NA 0.10
Ethylamine 0.43 NA INA 0.10
Methylamine 39 NA NA 0.10

Sample ID: 167021174
Lab 1D: 1620245002

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube

Analyzed: 07/25/2016

50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided
Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ua/sample)
Dimethylamine <0.10 NA MNA, 0.10
Ethylamine =0.10 NA MNA 0.10
Methylamine <0.10 NA NA 0.10

Sample I1D: 816T021175
Lab ID: 1620245003

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA MNA 0.10
Methylamine <0.10 NA NA 0.10
ADDRESS 960 West LaVioy Drive, Salt Lake City, Lkah, 847123 USA  PHONE «1 801 266 7700 = FAX +1 801 268 9992
ALS GROUP USA, CORF, AnALS Limited Company
www.alsglobal.com
MIGHT SOLUTIONS e FAMTIIEM
J.U!UZBTPIE!;!TUF I
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021176
Lab ID: 1620245004

Collected: 07/15/2016

Sampling Loeation: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Resuit
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ugfsample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample ID: S16T021177
Lab ID: 1620245005

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m”) Result (ppm) RL (ug/sample)
Dimethylamine =0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample |D: $16T021178
Lab ID: 1620245006

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug.'sgne;’l':g Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample ID: S16T021179
Lab ID: 1620245007

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [{(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug'a:ne':)‘l':; Result {(mg/m?) Result (ppm)  RL (ug/sample)

Dimethylamine <0.10 MNA NA 0.10

Ethylamine =0.10 NA NA 0.10

Methylamine =0.10 NA NA 0.10
Page 2 0f8 lml‘ IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021180
Lab ID: 1620245008

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 077202016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ugfsample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample ID: S16T021181
Lab ID: 1620245009

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NED) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte (ug/sample) Result {(mg/m?) Result (ppm) RL (ug/sample)
Dimethylamine <0.10 NA MNA 0.10
Ethylamine <0.10 NA A 0.10
Methylamine <0.10 MNA MNA 0.10

Sample |D: $16T021182
Lab ID: 1620245010

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug.'sgne;'l':g Result (mg/m”) Result (ppm)  RL (ug/sample)
Dimethylamine =0.10 NA MNA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 MNA NA 0.10

Sample ID: S16T021183
Lab ID: 1620245011

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug'a:ne':)‘l':; Result {mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 MNA NA 0.10
Ethylamine 0.20 NA NA 0.10
Methylamine 0.87 NA MA 0.10
Page 3 0f8 lml‘ IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021184
Lab ID: 1620245012

Collected: 07/15/2016

Sampling Loeation: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Resuit
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample ID: S16T021185
Lab ID: 1620245013

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m”) Result (ppm) RL (ugfsample)
Dimethylamine =0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample |D: $16T021186
Lab ID: 1620245014

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte {ug‘s:ne;’l':; Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine 0.19 NA NA 0.10
Methylamine 0.48 NA NA 0.10

Sample ID: S16T021187
Lab ID: 1620245015

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug‘a:ne':)‘l':; Result {mg/m?) Result (ppm)  RL (ug/sample)

Dimethylamine =0.10 MNA NA 0.10

Ethylamine 0.48 MNA MNA 0.10

Methylamine =0.10 NA MA 0.10
Page 4 of 8 lml‘ IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021188
Lab ID: 1620245016

Collected: 07/16/2016

Sampling Loeation: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Resuit
Analyte {ug/sample) Result (mg/m’) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample ID: S16T021189
Lab ID: 1620245017

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m7) Result (ppm) RL (ug/sample)
Dimethylamine =0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample |D: $16T021190
Lab ID: 1620245018

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte w;ﬁ% Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 MNA NA 0.10

Sample ID: S16T021191
Lab ID: 1620245019

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug‘a:ne':)‘l':; Result {(mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 MNA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine =0.10 NA MA 0.10
Page 5 0f8 lml‘ IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021192
Lab ID: 1620245020

Collected: 07/16/2016

Sampling Loeation: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NED) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Resuit
Analyte {ug/sample) Result {mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample ID: S16T021193
Lab ID: 1620245021

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m”) Result (ppm) RL (ugfsample)
Dimethylamine =0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample |D: $16T021194
Lab ID: 1620245022

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug'sgne;'l':; Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 MNA NA 0.10

Sample ID: S16T021195
Lab ID: 1620245023

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Analyte (ug‘a:ne':)‘l':; Result {mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 MNA NA 0.10
Ethylamine <0.10 NA MNA 0.10
Methylamine =0.10 NA MA 0.10
Page 6 of 8 lml‘ IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021196
Lab ID: 1620245024

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 0772012016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine 0.20 NA NA 0.10
Methylamine 0.30 MNA NA 0.10

Sample ID: S16T021197
Lab ID: 1620245025

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NED) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Result
Analyte {ug/sample) Result (mg/m”) Result (ppm) RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10

Sample |D: $16T021198
Lab ID: 1620245026

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: Amines-VOA Aliphatic VAA-1

Media: SKC 226-96, XAD-7 Tube
50/100mg [(NBD) Chloride]

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/25/2016

Amines-VOA Aliphatic VAA-1

07/26/2016 12:27

Analyte {ug.'s:ne;‘l'g Result (mg/m?) Result (ppm)  RL (ug/sample)
Dimethylamine <0.10 NA NA 0.10
Ethylamine <0.10 NA NA 0.10
Methylamine <0.10 NA NA 0.10
Report Authorization (/Sfis an electronic signature that complies with 21 CFR Part 11)
Method Analyst Peer Review
18/ David Teynor IS/ Thomas Bosch

07/26/2016 13:37

Laboratory Contact Information
ALS Environmental
960 W Levoy Drive
Salt Lake City, Utah 84123

Phone: (801) 266-7700
Email: alsit.lab@ALSGlobal.com
Web: www.alsslc.com
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ANALYTICAL REPORT

Workorder: | 34-1620245

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel8
Project Manager: Rand Potter

General Lab Comments
The results provided in this report relate only to the items tested.
Samples were received in acceptable condition unless otherwise noted.
Samples have not been blank corrected unless otherwise noted.
This test report shall not be reproduced, except in full, without written approval of ALS.

ALS provides professional analytical services for all samples submitted. ALS is not in a position to interpret the data and
assumes no responsibility for the quality of the samples submitted.

All quality control samples processed with the samples in this report yielded acceptable results unless otherwise noted.

ALS is accredited for specific fields oftesting (scopes) in the following testing sectors. The quality system implemented at ALS
conforms to accreditation requirements and is applied to all analytical testing performed by ALS. The following table lists testing
sector, accreditation body, accreditation number and website. Please contact these accrediting bodies or your ALS project
manager for the current scope of accreditation that applies to your analytical testing.

Testing Sector Accreditation Body Certificate Website
{Standard) Number
Ervironmental ACLASS (DoD ELAF) ADE-1420 hitp:fwww aclasscorp.com
Utah (NELAC) DATAL hitp:thealth. utah govilabiabimp/
Nevada uToo00E httpi/indep rv. govibsdwlabservice htm
Oklahoma UT00008 hitp:ffwww deq.state ok usiCSDnew/
lowa 1A% 376 hitp:fwww iowadnr gov/insideDNR/RegulatoryWater aspx
Florida (TNI) E&71067 hitpfwww dep state i usiabs/barsfsas/qal
Texas (TMI) T104704456-11-1 hitp:ffwww toeq texas govifield/gafab_accred _carhif html
Industnal Hygiene AlHALAP, LLC (IS0 17025 and 101574 hitp fwww aihaaccreditediabs org

AIHA-LAP, LLC IHLAP/ELLAP)

Lead Testing:

CPSC ACLASS (I1SO 17025, CPSC) ADE-1420 http:/fwwiw aclasscorp.com
Soil, Dust, Paint Air AlHA-LAP, LLC (IS0 17025, 101574 http:/fwww aihaaccreditedlabs org
AlHALAP, LLC ELLAP and
NLLAP)
Distary Supplements ACLASS (150 17025) ADE-1420 http:ffwww aclasscorp.com
Definitions

LOD = Limit of Detection = MDL = Method Detection Limit, A statistical estimate of method/mediafinstrument sensitivity.
LOQ = Limit of Quantitation = RL = Reporting Limit, A verified value of method/mediafinstrument sensitivity.

ND = Not Detected, Testing result not detected above the LOD or LOQ,

NA = Not Applicable.

** No result could be reported, see sample comments for details.

< This testing result is less than the numerical value.

() This testing result is between the LOD and LOQ and has higher analytical uncertainty than values at or above the LOQ.

ALS Envrionmental certifies this analytical report is in compliance with the Hanford SOW, both
technically and for completeness. Release of the data contained in this report has been electronically
authorized by the following laboratory representative:

Rand Potter. Project Manager. ALS Environmental

;umm%rnf Iz
Page § of§ Tue, 07/26/16 2. 10 PM IHREP-V12.3

C.217



Quality Control Sample
Batch Report

ALS
Analysis Information
Workorder: 1620245
Limits: HistoncalPerformance Preparation: NA Analysis: |H Aliphatic Amines
Basis: ALS Laboratory Group Batch: NA Batch: ILC/12352 (HEN: 173446)
Prepared By: NA Analyzed By: David Teynor
LMB: 509631
Analyzed: 07/25/2016 00:00
Units: ug/sample
| Analyte Result| MDL RL
Dimethylamine ND NA 0100
Ethyaming ND MNA 0100
Methwamine ND A, 0100
LMB: 509694
Analyzed: 07/2572016 00:00
Units: ug/sample
Analyte Result| moL| RL|
Dimathylamine ND NA, 0.100
Ethamine ND NA 0100
Methyamine ND NA 0100

LCS: 500692 LCSD: 500693
Analyzed: 07/25/2016 00:00 Analyzed: 07/25/2016 00:00
Dilution: 1 Dilution: 1
Units: ug/sample Units: ugfsample
Analyte  Resut| Target| %Rec| acLimits Result| %Rec| ReD| acLimits
Dimethyamine 1.60 2.00 B00| BO4| 13486 1.63 51.5 1.86 ool 200
Ethyamine 1.08 2.00 540 400) 1600 1.10 550 1.83 00] 200
Methyiamine 252 2.00 126] 400] 1600 2.22 1 127] 00| 200
LCS: 509695 LCSD: 509696
Analyzed: 07/25/2016 00:00 Analyzed: 07/25/2016 00:00
Dilution: 1 Dilution: 1
Units: ug/sample Units: ug/sample
Analyte ~ Result]  Target] %Rec| acLimits Resul| %Rec| RPD| acLimits
Dimathyamine 1.79 2.00' 895 s04| 1348 177 885 112] 00| 200
Ethylamine 145 2.00] 725| 400] 1600 146 73.0] 0887 00| 200
Methylamine 1.56 2.00' T80l 400] 1600 154 770 129 00| 200

Analyst Peer Review
IS/ David T eynor ISi Thomas Bosch
O7F26/2016 12:27 07/26/2016 13:37

% - Analyte above reporting imit or outside of control lmits RPD - Relative % Differsnce (Spike / Spike Duplicats)
A - Sample resull is greater than 4 times the spike added MO - Mot Detected (U - Qualifier also flags analyte as not detected)
@ - Sample and Matnx Duplicate less than 5 times the reporing limd MNA = Not Applicable
@& - Rasult is above the calibration range AC results are not adjusted for moisture correction, where applicable
Page 1of 1 Tuesday, July 26, 2018 QACsS V41
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C.3.5 Acetonitrile

ALS

Robert (Buddy) Sosa

ANALYTICAL REPORT

Report Date: July 25, 2016

Phone: (509) 373-1262

Washington River Protection So

PO Box 850, MSIN T6-02
Richland, WA 99352

Analytical Results

E-mail: robert_w_sosa@rl.gov
20162096

Workorder

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021258 Collected: 07/15/2016
Lab 1D: 1620244001 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-08, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: S16T021259 Collected: 07/15/2016
Lab 1D: 1620244002 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media; SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m7) Result (ppm)  RL {mg/sample)
Acetonitrile <0.010 NA MNA 0.010
Sample ID: S16T021260 Collected: 07/15/2016
Lab ID: 1620244003 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Resuit (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile =0.010 NA NA 0.010
ADDRESS 960 West LaVoy Drive, Salt Lake City, Lxah, 84123 USA  PHONE +1 801 266 7700 ~ FAX +1 801 268 9992
ALS GROUP USA, CORP. AN -ALS Limited Company
www.alsglobal.com
AIGHT SOLUTIONS ik b eene e
J.U!UZW-'P?!TU'F TZ
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620244

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample |D: S16T021261 Collected: 07/15/2016
Lab ID: 1620244004 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2018
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: S16T021262 Collected: 07/15/2016
Lab ID: 1620244005 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-08, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (mg/sample) Result (mg/m”) Result {ppm) RL (mg/sample)
Acetonitrile <0.010 MNA NA 0.010
Sample ID: S16T021263 Collected: 07/15/2016
Lab 1D: 1620244006 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgfsample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample |D: $16T021264 Collected: 07/15/2016
Lab ID: 1620244007 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgfsample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021265 Collected: 07/15/2016
Lab 1D: 1620244008 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 INA NA 0.010
;Wﬂ Iz
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620244

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel8
Project Manager: Rand Potter

Sample |D: S16T021266 Collected: 07/15/2016
Lab ID: 1620244009 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2018
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: S16T021267 Collected: 07/15/2016
Lab ID: 1620244010 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-08, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (mg/sample) Result (mg/m) Result {ppm) RL (mgisample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $S16T021268 Collected: 07/15/2016
Lab 1D: 1620244011 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m’) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 MNA NA 0.010
Sample ID: S16T021269 Collected: 07/15/2016
Lab ID: 1620244012 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgfsample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021270 Collected: 07/15/2016
Lab ID: 1620244013 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
JWU‘I’ Iz
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620244

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel8
Project Manager: Rand Potter

Sample |D: S16T021271 Collected: 07/16/2016
Lab ID: 1620244014 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2018
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021272 Collected: 07/16/2016
Lab ID: 1620244015 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-08, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (mg/sample) Result (mg/m?) Result {ppm) RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021273 Collected: 07/16/2016
Lab ID: 1620244016 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgfsample) Result (mg/m’) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 MNA NA 0.010
Sample ID: §16T021274 Collected: 07/16/2016
Lab 1D: 1620244017 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgisample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021275 Collected: 07/16/2016
Lab ID: 1620244018 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
IW Iz
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620244

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample |D: $16T021276 Collected: 07/16/2016
Lab ID: 1620244019 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2018
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021277 Collected: 07/16/2016
Lab ID: 1620244020 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-08, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (mg/sample) Result (mg/m?) Result {ppm) RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample 1D: $16T021278 Collected: 07/16/2016
Lab 1D: 1620244021 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgfsample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: §16T021279 Collected: 07/16/2016
Lab ID: 1620244022 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mgfsample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021280 Collected: 07/16/2016
Lab 1D: 1620244023 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (mg/sample) Result (mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
;Wﬂ TZ
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021281
Lab ID: 1620244024

Collected: 07/16/2016
Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2018
400/200mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {mg/sample) Result {mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010

Sample ID: $16T021282
Lab ID: 1620244025

Collected: 07/16/2016
Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: NIOSH 1606

Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016

400/200mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (mg/sample) Result (mg/m?) Result {ppm) RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010
Sample ID: $16T021283 Collected: 07/16/2016
Lab ID: 1620244026 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1606 Media: SKC 226-09, Charcoal Tube Analyzed: 07/21/2016
400/200mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (mg/sample) Result {mg/m?) Result (ppm)  RL (mg/sample)
Acetonitrile <0.010 NA NA 0.010

Report Authorization (/Sfis an electronic signature that complies with 21 CFR Part 11)

Method

Analyst Peer Review

NIOSH 1606

1S/ Young Hee Yoon 1S/ Lyle Edwards
07/25/2016 13:37 07/25/2016 16:08

Laboratory Contact Information

ALS Environmental
960 W Levoy Drive
Salt Lake City, Utah 84123

Phone: (801) 266-7700
Email: alsitlab@ALSGlobal.com
Web: www.alsslc.com

Fage 6 of 7
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ANALYTICAL REPORT

Workorder: | 34-1620244

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel8
Project Manager: Rand Potter

General Lab Comments
The results provided in this report relate only to the items tested.
Samples were received in acceptable condition unless otherwise noted.
Samples have not been blank corrected unless otherwise noted.
This test report shall not be reproduced, except in full, without written approval of ALS.

ALS provides professional analytical services for all samples submitted. ALS is not in a position to interpret the data and
assumes no responsibility for the quality of the samples submitted.

All quality control samples processed with the samples in this report yielded acceptable results unless otherwise noted.

ALS is accredited for specific fields oftesting (scopes) in the following testing sectors. The quality system implemented at ALS
conforms to accreditation requirements and is applied to all analytical testing performed by ALS. The following table lists testing
sector, accreditation body, accreditation number and website. Please contact these accrediting bodies or your ALS project
manager for the current scope of accreditation that applies to your analytical testing.

Testing Sector Accreditation Body Certificate Website
{Standard) Number
Ervironmental ACLASS (DoD ELAF) ADE-1420 hitp:fiwww aclasscorp.com
Utah (NELAC) DATATL hitp:thealth. utah govilabiabimp/
Nevada uToo00e http:/indep nv govibsdwiabservice htm
Oklahoma UTO0003 hitp ffwww deq.state ok usiCSDnew/
lowa A% 376 hitp:fwww iowadnr gov/insideDNR/RegulatoryWater aspx
Florida (TNI) E&871067 hitp fwww dep state i usiabs/barsfsas/qal
Texas (TMI) T104704456-11-1 hitp:ffwww toeq texas govifield/gafab_accred_cartif html
Industnal Hygiene AlHALAP, LLC(1SO 17025 and 101574 http./iwww aihaaccreditediabs org

AlHA-LAP, LLC IHLAP/ELLAP)

Lead Testing:

CPSC ACLASS (IS0 17025, CPSC) ADE-1420 http:/fwwiw aclasscorp.com
Soil, Dust, Paint Air AIHA-LAP, LLC (IS0 17025, 101574 http:/fiwww aihaaccraditediabs org
AlHALAP, LLC ELLAP and
NLLAF)
Distary Supplements ACLASS (150 17025) ADE-1420 hitp:ffwww aclasscorp.com
Definitions

LOD = Limit of Detection = MDL = Method Detection Limit, A statistical estimate of method/mediafinstrument sensitivity.
LOQ = Limit of Quantitation = RL = Reporting Limit, A verified value of method/mediafinstrument sensitivity.

ND = Not Detected, Testing result not detected above the LOD or LOQ,

NA = Not Applicable.

** No result could be reported, see sample comments for details.

< This testing result is less than the numerical value.

() This testing result is between the LOD and LOQ and has higher analytical uncertainty than values at or above the LOQ.

ALS Envrionmental certifies this analytical report is in compliance with the Hanford SOW, both
technically and for completeness. Release of the data contained in this report has been electronically
authorized by the following laboratory representative:

Rand Potter. Project Manager. ALS Environmental

xumnfraagrruf IZ
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Quality Control Sample
Batch Report
ALS
Analysis Information
Workorder: 1620244

Limits: HistoncalPerformance
Basis: ALS Laboratory Group

Preparation: NA
Batch: NA
Prepared By: NA

Analysis: IH GC-FID QC
Batch: IFID/T608 (HBM: 173232)
Analyzed By: Young Hee Yoon

MB: 509146
Analyzed: 07/21/2016 00:00
Units: ma/sample
Analyte
Acstonirile ND| NA|

Result]  MoL RL
0.0100

MB: 508149
Analyzed: 07/21/2016 00:00
Units: ma/sample
| Analyte. _ Result|  moL RL
Acetonitriie ND| NA) 0.0100

LCs: 509147 LCSD: 509148
Analyzed: 07/21/2016 00.00 Analyzed: 07/21/2016 00:00
Dilution: 1 Dilution: 1
Units: ma/sample Units: mag/sample
Analyte R’osuﬂ] ‘I-’irgtt[ % Rec| QC Limits Result| % Rec RPD[_ Qc Limits
Acetontrile p242|  o02s0] a70| ses| 1153 02s9]  104] 579 00| 200
LCS: 509150 LCSD: 508151
Analyzed: 07/21/2016 00100 Analyzed: 07/21/2016 00.00
Dilution: 1 Dilution: 1
Units: mg/sample Units: ma/sample
Analyte Result|  Taraet| %Rec| QC Limits Resultf %Rec| RPD| QcCLimits
Acetontrile p2s0]  o0218] 05| s66| 1153 0207 e48] 105 00| 200

Analyst

Peer Review

/51 Young Hee Yoon
07/25/2016 13:37

15/ Lyle Edwards
07/25/2016 16:08

¥ - Analyte above reporting mil or outside of contral limits

A - Sample result is greater than 4 times the spike added

@ - Sample and Matrix Duplicate less than 5 times the reporting limit
@ - Result is above the calibration range

RPD - Relative % Difference (Spike / Splkke Duplicate)

MND - Not Detected (U - Qualifier aslso flags analwte as not detected )
MNA - Not Applicable

QC results are not adjusted for moisture cormection, where applicable

Page 1of 1 Mong?. July 25, 2016 QACs V41
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1. Use the 'Print' button on this page to print your label lo your laser or inkjet printer.

2. Fold the printed page along the horizontal line.

3. Place label In shipping pouch and affix It to your shipment so thal the barcode portion of he label can be read and scanned,

Warning: Use anly the printed original label for shipping. Using a pholocopy of this label for shipping purposes is fraudulent and could
resull in additional billing charges, along wilh the cancellalion of your FedEx account number.
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delivery,misdelivery,or f tion, unless you declare a higher value, pay an addillonal charge, document your actual loss and file a
timely clalm.Limitations found In the current FedEx Service Guide apply. Your right lo recover from FedEx for any loss, Including Intrinsic
value of the package, loss of sales, income inlerest, profil, altorney's fees, costs, and olher forms of damage whether direct,
Incldental,consequentlal, or special Is limiled to the greater of $100 or Ihe aulhorized declared value, Recovery cannol exceed actual

documented loss.Maximum for ilems of extraordinary value Is $1,000, e.9. Jowelry, preclous melals, negotiable inst Is and other
items lisled In our ServiceGuide. Wilten claims mus! be filed within sirict lime limils, see current FedEx Service Guide.
https://www.fedex.com/shipping/html/en//Prin{IFrame.html 7/19/2016
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20162086 Rev. O
NARRATIVE

FINAL REPORT ON MERCURY VAPOR TUBES
FOR CARTRIDGE EVALUATION
COLLECTED JULY 15 - 16, 2016

This final report presents the results of twenty-six mercury vapor tubes received at the 222-8
Laboratory from on July 18, 2016, in good condition and with adequate paperwork. The mercury

vapor tubes were logged into sample delivery group 20162086.

DISCLAIMERS
o The information contained in this report is intended only for the use of the addressee and
should be considered confidential.
e This report shall not be reproduced, except in full, without written approval of the
laboratory.

e The results shown in this report pertain only to the actual samples tested.

e These results conform to the requirements specified in the referenced methods/procedures
and specifications provided verbally or electronically by the customer. Any deviations or
modifications are discussed in the following narrative.

e This report only addresses laboratory activities related to the listed surveys.
Requirements or anomalies concerning field sampling are not addressed in this report.

PROCEDURES
Method Preparation Procedure Analysis Procedure
Mercury by OSHA ID-140 LA-325-109, Rev. C-3 LA-325-109. Rev. C-3
ANALYTICAL SUMMARY

The vapor tubes were tested for mercury, as specified on the chain of custody. Standard
laboratory procedures for digestions and cold vapor atomic absorption for mereury were
followed as well as the requirements in WHL-MP-1029, WHL Industrial Hygiene Quality
Assurance Project Plan for 222-S Laboratory (QAPP). Program specific work authorization
instructions have been provided for WRPS IH sample analysis through verbal and electronic
communication with the customer point of contact, and are kept as a record by the laboratory.
When applicable. any client communication specific to the samples in this report will be
included herein. All quality control criteria in the QAPP were met.

The measurement uncertainty was estimated based on the historical behavior of laboratory
control standards (L.CS). For mercury, the results of 178 L.CS determinations indicate a mean
recovery of 98% with a standard deviation of 6%. Statistical process control limits for the LCS
are 81 — 115%. with no significant bias. The overall estimate of uncertainty is 12%. with
coverage factor (k) = 2.

Background levels of mercury or interfering compounds can be present in the sorbent tube media
used for collecting vapor samples. OSHA ID-140 recommends that the laboratory determine the
average background for each lot of media and subtract it from the sample results prior to
reporting. However, per agreement with the client, this background is being determined by the
client using blank media submitted as blind samples to the laboratory. Any blank subtraction
from the sample results will be performed by the client. The laboratory is using the same media

20f17
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for QC samples. These QC samples may not match the lot numbers of the samples being
submitted and the background for this QC sample media has not been determined. Over the past
several years the results from preparation blanks, field blanks, and the vast majority of samples
have been below the laboratory’s method detection limit, which is an order of magnitude below
the reporting limit. In general, the laboratory believes there is no need for background
subtraction using the current sample media (Hydrar. SKC 226-17-1A).

For the mercury analysis. the blank results for tube lot numbers 9473 and 10187 were below the
detection limit; therefore, no blank correction was required. All mercury results for this sample
group were below the reporting limit of 0.05 pg/sample, except for samples 16-05982-6-A1. 16-
05982-6-H1. 16-05983-6-A1, 16-05983-6-H1. and 16-05983-6-H2. For these samples, the total
result includes the contribution from the glass wool portion even though the glass wool portion
result is lower than the reporting limit (see Attachment 1).

3of 17
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Attachment 1

DATA SUMMARY REPORT
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DATA SUMMARY REPORT FOR SAMPLE GROUP 20162086

C.238

, " Standard .
Customer Sample ID ¥ aporhfuhu I:ahuralor_\ Analyte R{im_l" % Blank | Result RLP_G rl.mg
Portion Sample ID Umnit Limut
Recovery
16-05982-6-A1 Total S16T021154 Mercury ngfsample  |n/a <0,0500 [0.360 0.0500
16-05982-6-A1 Resin SI6TO21157  [Mercury jig/sample |89.6 <0.0500 J0.355 0.0500
16-03982-6-A1 Glass Wool  [S16T0211358 [Mercury wtlljl"~F9'ﬁ <0.0500 [<0.0500  |0.0500
16-03982-6-A2 Total S16T021159 Mercury ug/sample  |n/a <0,05300 |<0.0500  |0.0500
16-05982-6-A2 Resin S16T021160 Mercury pg/sample 189.6 <0.0500 |<0.0500  |0.0500
16-05982-6-A2 Glass Wool S16T02116] Mercury ug/sample I89.6 <0,0500 [=0.0500  |0,0500
16-05982-6-B1 [Total S16T021164 Mercury ug/sample  |n/a <0.0500 |<0.0500  |0.0500
16-05682-6-B1 Resin S16T021166  [Mercury ye/sample  [89.6 <0.0500 [<0.0500  |0.0500
16-05982-6-B1 Glass Wool S16T021167 Mercury ugf’satu}]e 89.6 <0,0500 |<0.0500  |0.0500
16-05682-6-BLANK  |Total S16TO21168  [Mercury pafsample  |nfa <0,0500 [<0.0500  |0.0500
16-05982-6-BLANK Resil_i S16T021169 Merctﬂy ;Jg.f’sw]e 189.6 <0.0500 |<0.0500  |0.0500
16-05982-6-BLANK _|Glass Wool S16T021202 Mercury yg/sample |s9.6 <0.0500 [<0.0500  |0.0500
16-05982-6-C1 Total S16T021204 Mercury pg/sample  |n/a <0,0500 [<0.0500  |0.0500
16-05982-6-C1 Resin S16T021206 Mercury pgfsample  |91.8 <(L0500 |<0.0500  |0.0500
16-05982-6-C1 Glass Wool S16T021207 Mercury ug/sample |91.8 <0.0500 |<0.0500  |0.0500
16-05982-6-D1 Total S16T021229 Mercury ug/sample  fn/a <0.0500 [=0.0500  |0.0500
16-03982-6-D1 Resin S16T021234 Mereury pgfsample  91.8 <0,0500 |<0.0500  |0.0500
16-05982-6-D1 Glass Wool S16T021235 Mercury pg/sample  |91.8 <0.0500 |<0.0500  |0.0500
16-05982-6-E1 [Total SI6T021237  |Mercury  |ug/sample |wa =0,0500 |=0.0500 _|0.0500
16-05982-6-E1 Resin S16T021238 Mereury ug/sample  |91.8 <0.0500 |<0.0500  J0.0500
16-05982-6-E1 Glass Wool  |S16T021239  [Mercury 1g/sample |91 8 <0.0500 [<0.0500  |0.0500
16-03982-6-EFF-BASE |Total S16T021242 Mercury pg/sample  |n/a <0,0500 {<0.0500  10.0500
16-05982-6-EFF-BASE |Resin S16T021243  [Mercury pgfsample  |91.8 <0,0500 [<0.0500  |0.0500
16-03982-6-EFF-BASE |Glass Wool  [S16T021244  [Mercury pgfsample  |91.8 <0,0500 [<0L0500  |0.0500
16-05982-6-F1 Total S16T021245  IMercury pgfsample  |nfa <0.0500 [<0.0500  |0.0500
16-05982-6-F1 Resin S16T021246 Mercury ug/sample  |91.8 <(L0500 |<0.0500  J0.0500
16-03982-6-F1 Glass Wool S16T021247 Mercury pg/sample  |91.8 <0,0500 |<0.0500 00500
1 6-05982-6-G1 Total S16T021248  |Mercury ygfsample [In/a <0,0500 [<0.0500  |0.0500
16-03982-6-G1 Resin S16T021249 Mercury pg/sample  91.8 <(L0500 |<0.0500  |0.0500
16-05982-6-G1 Glass Wool S16T021250 Mercury ug/sample |91.8 <0,0500 |<0.0500  |0.0500
16-05982-6-H1 Tolil S16T021251 Mereury ;Jgf'samp]e n/a <0.0500 0.302 0.0500
16-05982-6-H1 Resin S16T021252 Mercury ug/sample |91.8 =0,0500 |0.296 00500
16-05982-6-H1 Glass Wool S16T021253 Mercury ug/sample  |91.8 <0.0500 |<0.0500  |0.0500
16-05982-6-H2 Total S16T021254 Mercury pe/sample  fnfa <0.0500 [<0.0500  |0.0500
16-05982-6-H2 Resin S16T021256  [Mercury pefsample  |91.8 <0.0500 [<0.0500  10.0500
16-05982-6-H2 Glass Wool S16T021257 Mercury pgfsample  |91.8 <0.0500 |<0.0500  JO.0500
16-05983-6-A1 Total S16T021286  [Mercury ugfsample  |n/a =0.0500 J0.360 0.0500
16-05983-6-A1 Resin S16T021287 Mercury ug/sample |91.8 <0.0300 |0.355 0.0500
16-055983-6-Al Glass Wool  |S16T021288  [Mercury yg/sample  |91.8 <0.0500 [<0.0500  |0.0500
16-05983-6-A2 [Toml S16T021289  [Mercury pg/sample  n/a <0,0500 [<0.0500  |0.0500
16-05983-6-A2 Resin S16T021290 Mereury ug/sample |91.8 <0.0500 |<0.0500 00500
16-05983-6-A2 Glass Wool S16T021291 Mercury ug/sample |91.8 <0.0500 |<0.0500  J0.0500
16-05983-6-B1 Total S16T021292 Mercury ug/sample |n/a <0.0500 [=0.0500  ]0.0500
16-05983-6-11 Resin S16T021293 Mercury pofsample 882 <0,0500 [<0.0500 |0.0500
16-03983-6-B1 Glass Wool  [S16T021294 Mercury o/sample  |88.2 <0.0500 [<0.0500  |0.0500
16-05983-6-BLANK Total S16T021295 Mercury ug/sample |n/a <0.0500 |<0.0500 00500
16-05983-6-BLANK  |Resin S16T021296  [Mercury ugsample  |88.2 <0.0500 [<0.0500  |0.0500
1 6-05983-6-BLANK  |Glass Wool S16T021297 Mercury ug/sample  |88.2 <0,0500 |=0.0500  0.0500
50f17
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DATA SUMMARY REPORT FOR SAMPLE GROUP 20162086

C.239

. " Standard .
Customer Sample ID v aporhfuhu I:ahuralor_\ Analyte R{im_l" % Blank | Result RLP_G rl.mg
Portion Sample ID Umnit Limut
Recovery
16-05983-6-C1 Total SI6T021298 Mercury ugfsample n/a =0.0500 [<0.0500  10.0500
16-05983-6-C1 Resin S16T021299 Mercury pg/sample |88.2 <0.0500 |<0.0500  J0.0500
16-05983-6-C1 Glass Wool S16T021300 Merctﬂv ug:’saﬂ[l)le |88.2 <0.0500 |<0.0500  ]0.0500
16-05983-6-D1 Total S16T021301 Mercury ug/sample  n/a <0.0500 [<0.0500  |0.0500
16-05983-6-D1 Resin S16T021302 Mercury ug/sample |88.2 <0L0500 [<0.0500  |0.0500
16-05983-6-D1 Glais Wool S16T021303 Mercury Eaa'sample |88.2 <(,0500 |<0.0500  |0.0500
16-05983-6-E1 Total S16T021304 Mercury ug/sample  |n/a <0.0500 |<0.0500  |0.0500
16-05983-6-E1 Resin S16T021305 Mercury ug/sample  [88.2 <0.0500 [<0.0500  10.0500
16-05983-6-E1 Glass Wool S16T021306 Mercury ug/sample |88.2 <0.0500 |<0.0500  |0.0500
16-05983-6-EFF-BASE |Total S16T021307 Mercury yg/sample  [n/a <0,0500 |<0.0500  |0.0500
16-05983-6-EFF-BASE [Resin S16T021311 Mercury ug/sample  [88.2 <0.0500 |=0.0500  JO.0500
16-05983-6-EFF-BASE |Glass Wool  |S16T021312 Mereury ug/sample  [88.2 =0.0500 |<0.0500 00500
16-05083-6.F1_____ |Total SIGT021313__ [Meroury  |ue/sample|a <0.0500 | <0,0500_0.0500
16-05983-6-F1 Resin S16T021314 Mercury ug/sample  [88.2 <0,0500 [<0.0500  |0.0500
1 6-05983-6-F1 Glass Wool __IS16T021315 Mercury ug/sample |88.2 <0.0500 [<0.0500  ]0.0500
16-05983-6-G1 Total S16T021317 Mercury ug/sample  |n/a <0,.0500 |=0.0500  J0.0500
16-05983-6-G1 Resin S16T021319 Mercury ug/sample |88.2 <0.0500 [=0.0500  |0.0500
16-05983-6-G1 Glaﬁ; Wool S16T021321 Mercury Hg.r’sample |gg 2 <0.0500 |<0.0500  |0.0500
16-05983-6-H1 Total S16T021322 Mercury pg/sample  |n/a <(1.0500 |0.359 0.0500
16-05983-6-H1 Resm S16T021324  |Mercury pgfsample  |88.2 <0.0500 0.353 0.0500
16-05983-6-H1 Glass Wool S16T021325 Mercury pefsample  |88.2 <(L0500 |=0.0500  J0.0500
16-05983-6-H2 [Total S16T021328 Mercury ug/sample jwa <0.0500 |0.0948 0.0500
16-05983-6-H2 Resin S16T021329  [Mercury yg/sample  [88.2 <0,0500 0.0721 0.0500
1 6-05983-6-H2 Glass Wool  |S16T021330  [Mercury yo/sample  [88.2 <0,0500 [<0.0500 |0.0500
160598 3-6-IN-BASE_ | Total S16T021360  |Mercury ug/sample  n/a <0.0500 [<0.0500  0.0500
16-05983-6-IN-BASE  [Resin S16T021361 Mercury ug/sample  |91.5 <(L0500 |<0.0500  0.0500
16-03983-6-IN-BASE |Glass Wool  [S16T021362 Mercury ug/sample |91.5 <0.0500 {<0.0500  ]0.0500
16-05982-6-IN-BASE  |Total SI6T021543  [Mercury ugfsample  |n/a <0,0500 [<0.0500  |0,0500
16-05982-6-IN-BASE _|Resin S16T021544 Mercury ug/sample  |91.5 <0,0500 [<0.0500  10.0500
16-05982-6-IN-BASE  |Glass Wool S16T021545 Mercury pg/sample  |91.5 <0.0500 [<0.0500  |0.0500
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20162086 Rev. O

ANALYSIS DATE REPORT FOR SAMPLE GROUP 20162086

C.241

Laboratory Sample ID | Customer Sample ID Method Preparation Date Analysis Date
SI6T021252 16-05982-6-H1 Mercury 07/2172016 16:00 07/22/2016 13:00
S16T021253 16-05982-6-H1 Mercury 07/21/201616:00 07/22/2016 13:02
S16T021256 16-05982-6-H2 Mercury 7/21/2016 16:00 07/22/2016 13:04
S16T021257 16-05982-6-H2 Mercury 07/21/2016 16:00 07/22/2016 13:06
S16T021287 16-05983-6-A1 Meroury 07/21/2016 16:00 07/22/2016 1311
S16T021288 16-05983-6-A1 Meroury 07/21/2016 16:00 07/22/2016 13:13
[ST6T021290 16-05083-6-\2 Mercury 07/21/2016 16.00 07/222016 13.15
S16T021291 16-05983-6-A2 Mercury 07/21/2016 16:00 07/22/2016 13:17
S16T021157 16-05082-6-A1 Meroury 07/21/2016 16:00 077222016 11:49
SI16T021158 16-05082-6-A1 Mercury 07/21/2016 16:00 07/22/2016 11-51
S16T021160 16-05982-6-A2 Mercury 07/21/2016 16:00 07/22/2016 11:53
S16T021161 16.05982-6-A2 Mercury 07/21/2016 16:00 07/22/2016 11:55
SI16T021166 16-05082-6-B1 Meroury 07/21/2016 16:00 07/22/2016 12:00
S16T021167 16-05982-6-B1 Meroury 07/21/2016 16:00 072272016 12:02
ST6T021169 16-05982-6.BLANK___ |Mercury 07/21/2016 16:00 07/22/2016 12:03
S16T021202 16-05982-6-BLANK ___|Mercury 07/21/2016 16:00 07/22/2016 12:05
S16T021206 16-05982-6-C1 Mercury 07/21/2016 16:00 07/22/2016 12:37
S16T021207 16-05982-6-C1 Mercury 07/21/2016 16:00 07/22/2016 12:39
S16T021234 16-05982-6-D1 Mercury 07/21/2016 16:00 07/22/2016 12:40
S16T021235 16-05082-6-D1 Mercury 07/21/2016 16:00 07/22/2016 12:42
[ST6T021 238 16-05082-6-E] Meroury 07/2172016 16:00 07/22/2016 12:44
S16T021239 16-05982-6-E1 Mercury 07/21/201616:00 07/22/2016 12:45
S16T021243 16-05082-6-EFE-BASE__|Mercury 07/2172016 16:00 07/222016 12:51
S16T021244 16-05982-6-EFF-BASE__|Mercury 07/21/2016 16:00 07/22/2016 12:52
S16T021246 16-05082-6-F1 Mercury 07/21/2016 16:00 07/22/2016 12:54
S16T021247 16-05982-6-F Mercury 07/21/2016 16:00
ST6T021249 16-05982-6-G1 Mercury 07/21/2016 16:00
S16T021250 16-05982-6-G1 Mercury 07/21/2016 16:00
S16T021293 16-05983-6-B1 Mercury 07/26/2016 07:30 07/26/2016 11.05
S16T021294 16-05983-6-B1 Mercury 07/26/2016 07:30 07/26/2016 11:07
S16T021296 16-05983-6-BLANK Meroury 07/26/2016 0730 0772612016 11:09
S16T021297 16-05983-6-BLANK ____ [Mercury 07/26/2016 07:30 07/26/2016 11:11
[ST16T021299 16-05983-6-C1 Mercury 07/26/2016 07,30 07/26/2016 11:13
S16T021300 16-05983-6-C1 Meroury 07/26/2016 07:30 07/26/2016 11:14
[ST6T021302 16-05083-6-D1 Mercury 07/26/2016 0730 07/26/2016 1120
ST6T021303 16-05083-6-D1 Meroury 07/26/2016 0730 0772612016 11:22
S16T021305 16-05083-6-E1 Mercury 07/26/2016 07:30 07/26/2016 11:24
S16T021306 16-05983-6-E1 Meroury 07/26/2016 07:30 07/26/2016 11:25
SIGTO21311 16-05083-6-EFF-BASE__|Meroury 07/26/2016 07-30 077262016 11:27
S16T021312 16-05983.6-EFF-BASE _|Mercury 07/26/2016 07-30 07/26/2016 11:29
5161021314 16-05083-6-F 1 Mercury 07/26/2016 07:30 07/26/2016 11:31
S16T021315 16-05083-6-F1 Mercury 07/26/2016 07:30 07/26/2016 11:33
S16T021319 16-05983-6-G1 Mercury 07/26/2016 07:30 07/26/2016 11:34
S16T021321 16-05983-6-G1 Mercury 07/26/2016 07:30 07/26/2016 11:36
S16T021324 16-05083-6-H1 Meroury 07/26/2016 07:30 07/26/2016 1141
S16T021325 16-05983-6-H1 Meroury 07/26/2016 07:30 07/26/2016 11:43
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ANALYSIS DATE REPORT FOR SAMPLE GROUP 20162086

C.242

Laboratory Sample ID | Customer Sample ID Method Preparation Date Analysis Date
S16T021329 16-05983-6-H2 Mercury 07/26/2016 07:30 07/26/2016 11:45
S16T021330 16-05983-6-H2 Mercury 07/26/2016 07:30 07/26/2016 11:47
S16T021361 16-05983-6-IN-BASE Mercury 07/26/2016 07:30 07/26/2016 11:54
S16T021362 16-05983-6-IN-BASE Mercury 07/26/2016 07:30 07/26/2016 11:56
S16T021 544 16-05982-6-IN-BASE Mercury 07/26/2016 07:30 07/26/2016 12:01
S16T021545 16-05982-6-IN-BASE Mercury 7/26/2016 07:30 07/26/2016 12:02
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20162086 Rev. 0

SAMPLE RECEIPT AND CHAIN OF CUSTODY

2228 VERIFICATION CHECKLIST

ATS-LO-080-101 Rev \)PI - ]

Sample Custodian: Shageea L\_gx_{ Q!& IH Technician:

Date Samples Received: E'/i =i é Total Number of Samples: Z{rd  Group # oS 26 -

Verify GK| is complete [Jn Project Fite

K
Sample Custodian to Complete:
Action Yes | No | WYA Comments
RSR provided? e

Received fram an alpha facility?

[ Contact PC for approval o release

L~

Check that outer custody seal is intact, if
presant

Record cooler temperature in centigrade, as
appropriate

[] Check if no cooler andfor no ice

Samples are intact and in gocd condition If No, provide comments below

RSA/COC provided and complete con taining
the following information?

® Client name and client sample number

® Date and time of sampling

Sampling location or origin

RN AN

Container type, size, and number

| rvatives (if used) noted on the
@%SA and sample botlles

Analysis request is clear

Signature of persons relinquishing and
receiving samples

® Date andfor time of sample custody

exchange

Verify that, ple numbers on containers
match the{ COG andfor RSA

NAYENANAN

f

Samples stored properly (e.g., refrigeration)
tored prop

the initials block below is completed by the responsible WRPS PC,

Notify the PC immediately if any problems are noted. Any "Ne¢” checked boxes reguire PC resolution. For WRPS samples,

Date

Samples acceptable for release? # &4 PCISC Initials 21: L7
If No, comment on communication and resolution: W{
LIPS -Sh{a’ - 130

’Zw:—— - 7‘%

Ha- 206
lium.bﬂ&LlH.&m&e-_s_Bg;aL@g;

a,c.dnmé-, L A

>(%c1¢
Fix/ie

Aldehyde Screen; g {a Amines: é_(c Ammonia: Z(', Aromatic HC: Asbestos:

Beryllium: Be-Bulk: Be-Filter. Be-Wipe 1,3-Butadigne:
Formaldehyde: Furans: g [~ Mercury: Methanaol, Nitrosamines: g@
Nitrous Oxide: Pyridines: g& SVOA: %% VOA; gé Other-iH:

A-5008-302 (REV 4)
11 of 17
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20162086 Rev. 0
SWIHD - Chain of Custody

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Protection Solutions

I Date Sampled: 07/1512016

CACN: ZoZ> COA: cB20

Survey No.:

16-05982 - Respirater Cartridge Testing BY Farm

Contact Name: Jones, Parker L Phone: (509)373-4986

[ Turnaround: N/A

Return Report To: Caldwell, Joyce A

[msIN: Rri1-06

| Phone: (509)376-0737

Laboratory

Log No. Sample ID/Type/Description

Required Analysis

16-05982-3-EFF-BASE / TDU (Tenax)

\wmmIJI!II]IIIlll[lllllllilﬂhllﬂlfillll

Furans

16-05982-3 TOU (Tenax)
(R AER SR i

| Fueafis

16-05982-3-G1 / TDU (Tenax)

AP 0T AT 00 A 0

i

’X\\

Furans

16-05982-3-H1 / TDU (Tenax) ot
[TV R0 W TR 0 A 1]

—

Furans

16-05982-3-H2ATDU (Tenax)
(O L T O

.

16-05982-3-IN-BASE / TDU (Tenax) Furans \
VT D 0 TSR AT 0 ;
T [Bl-l i 16-05982-6-A1 / Hydrar (SKC 226-17-1 Ajrq ¢ g Hg-Elemental

SicToa — ) ST 21157

(0 O O use

1S \J6-05982~6~A21 Hydrar (SKC 226—51?-1:?) "y o Hg-Elemental

ST 1L To= \l

O T 00 AU A [{(A1]
Special Instructions:

Sl'gnalure/ Printed Name Location Date Time
Deliveredto Storage: |/ oZ— [\ \epve lenlricks [2704M0 R 107 [/iofit | 160
Retrieved from Storage: [z . |RRFTT GroneR 7-%-16107 2%
)2 {f‘,i‘gnature ~ Printed Name Date . Time
Relinquished By: WM ’ QQ&’T Gahw el -1 87b ol
ReceivedBy: [0 f . (U AL ! Shawo., | (Lolds, 76 | )00
Relinquished By:
Received By:
Relinquished By:
Received By:
Additional Comments:
12 0f 17
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20162086 Rev. 0

SWIHD - Chain of Custody
INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Protection Solutions ] Date Sampled: 07/15/2016
cACN: LR |coA: cB20 Survey No.: 16-05982 - Respirator Cartridge Testing 8Y Farm
Contact Name: Jones, Parker L Phone: (509)373-4966 JTurnaround: NIA
Return Report To: Caldwell, Joyce A [MSIN: R1-06 |Phana: (509)376-0737
Il:gtgaoh:;it‘ow Sample |D/Type/Description Required Analysis
16-05982-8-B1 / Hydrar (SKC 226-17-1A) *! Ha-Elemental
7| stoR LM  SleTo? lde
[ R0 T TS ueT
16-05982-6-BLANK / Hydrar (SKC 2268-17-1A) , e Hg-Elemental
SleTe? (| ; _— SlETe2
(O D S0 TR VAo 2672
16-05982-6-C1 / Hydrar (SKC 226- 1?-1A) : G Hg-Elemental
SicTe 2ol LT \20
(A O I Iﬂﬂl[lllllll[lll L7
%6—05982-6-01 ! Hydrar (SKC 226-17-1A) | « Hg-Elemental
SlEToR Sl To123
g T L Ll
16-05982-6-E1 / Hydrar (SKC 226-17-1A) « « Hg-Elemental
21237 Sl T2 1238
Wt B T AT 1239
— 16-05982-6-EFF-BASE / Hydrar (SKC 226-17-1A) , | - Hg-Elemental
AT 2MY SteToxlaM
| R T S P T a4y
=1 16-05982-6-F 1/ Hydrar (SKC 226-17-1A) ) Hg-Elemental
To2! SLTS :t l'ﬂp
PlLTe 1iII|IIIIIlII[HIMI1HIIl!llﬂllll[lllllﬂlll a7
S\ T2l 16-05982-6-G1 / Hydrar (SKC 226-17-1A)  * uq Hg-Elemental
i ST 2
|0 T A O AR (aSo
Special Instructions:
Signature Printed Name Location Date Time
Delivered to Storage: Valede Hendniceslzzotty Rm 407 | fefle 1600
Retrieved from Storage: R [Rherr (ALLE. T4 | 52T
Slg nature Printed Name Date Time
Relinquished By: L{.,L.lz{*g{fwtu Sherr EAlwel V-i-16 | o0
Receved By: |G AL Dlsiven L blslde. 2450 | l(eo
Relinquished By:
Received By:
Relinquished By:
Received By:
Additional Comments:

13017
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20162086 Rev. 0

SWIHD - Chain of Custody
INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Prolection Solutions ]Data Sampled: 0711522018
cAcN: O 003 |c0A: CB20 {Surwy No.: 16-05982 - Respirator Cartridge Testing BY Farm
Contact Mame: Jones, Parker L Phone: (508)373-4965 |Turnaround: NiA
Return Report To: Caldwell, Joyce A IMSIN: R1-08 IPhone: (508)376-0737
ﬁg%ﬂw Sample 1D/Type/Description Required Analysis
16-05882-6-H1 / Hydrar (SKC 226-17-1A) + Hg-Elemental
ST 21251 SleToR 2562
10 A0 0 O L 0 T G O 0 125%
16-05982-6-H2 / Hydrar (SKC 2268-17-14) + Hg-Elemental
ST &2 | 256 Siren 1280
(A T 21 0 5 00 10 \as7
| 16-05982-6-IN-BASE / Hydrar (SKC 226-17-14) « ' QL TO2 15444 Hg-Elemental
;;9102}549“ 1 2 3154-5
JANT YO0 0 T S 0 6O O DB -
\_\ 16-05982-7-A1 | CISA (SKC 226-29) : NH3 /./"'
N0 R RO : e

16-05982-7- A (SKC 226-29) //,/ NH3
1 T S 0 A

16-05982-7-B1 / CISA (SKC 226-29) < W NH3
=3 : .
|G T2 U i o

16-05982-7-BLANK / CISATSKC 226-20) NH3
(i LT AT ‘o

ot | +605082-7-C1 / CISA (SKC 226-29) NH3 \
/ (100 0 00O A ' _

Special Instructions:

Signature Printed Name Location Date Time -
Delivered to Storags: 7%~ Vbl Hewdricxs 27044y £ #l67 | U/l |/0000
Retrieved from Storage: (I . g2\, i1 | BRETT GAGE S et | 02%
= £ +
~ 4 Signature n Printed Name Date Time
Relinquished By: [S i LETT C;—,:(-{ZA/Eﬂ- -l (o0

Received By: M__MM Sl-\g,yppq L V&i Qa\ 7 (5L ([ &0

Relinguished By:

Received By:

Relinquished By:

Received By.

Additional Comments:
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20162086 Rev. 0

SWIHD - Chain of Custody

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Protection Solutions

| Date Sampled: 07162016

CACN: Q020602 |coA: ca20

I Survey No.: 16-05983 - Respirator Cartridge Testing BY Farm

Contact Name: Jones, Parker L

! Phone: (508)373-4968

|Turnaround: NIA

Return Report To: Caldwell, Joyce A | MSIN: R1-08 | Phone: (509)376-0737
ti:ob';it_ow Sample ID/Type/Description Required Analysis
*| 16-05983-6-H1 / Hydrar (SKC 226«1:’—1%}_ - ‘31..* Hg-Elemental
. Bl \3 29 SlTe
e [V CEL RS TR IUDL S0 SR M 328
* | 16-05983-6-H2 / Hydrar (SKC 226-17-1A Hg-Elemental
ST Su,-rlba.\'s a7
(VA R O 0 AT ERRATN RN ER I (330
7 *| 16-05983-6-IN-BASE / Hydrar (SKC& 226-1 ?a A)j(,( Hg-Elemental
SlTE2 130y (oTo el
T ST A 8 PR I!I!I]IIIﬁI“ﬂ!lMIIIN 132
16-05983-7-A1 / CISA (SKC 226-29) NH3
U 0 0 OO T
16-05983-7-A2 / CISA (SKC 226-29) }!ﬂ";

01 0O

16-05983-7-B1/ CISA (SKC 226-29)

(0PG5 00 0

NH3

a\JG/
/

16-05983-7-BLANK / CISA (SK -29) NH3

(NSRRI R PSTIA TR

16-05983-7- CISA (SKC 226-29) NH3

Il U000 5T A
Special Instructions;

Signature Printed Name Location Date Time
Delivered to Storage: 5:-——7 @mckgwu z | RIFoHIN ' Mot 07~1£-/4|600 ¢
Retrieved from Storage:!' ‘E‘)\ gtg & /1 ijﬁg a4 EN V 75 /6 O
—
Signature Prin}ed Name Date Time

Relinquished By: | s of-Jown_ | ORI GALAERL =18-) | lloo
ReceivedBy: [ Tk —f— TERESA PoRRESTEAR q-15—/L 72"

Relinquished By:

Received By:

Relinquished By:

Received By:

Additional Comments:

15017
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20162086 Rev. 0
SWIHD - Chain of Custody
INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washinglon River Protection Solutions [ Date Sampled: 071162016
CACN:  Qoaon 03 l COA: cB20 Survey No.: 16-05983 - Respiralor Cariridge Tesling BY Farm
Contact Name: Jones, Parker L Phone: (509)373-4966 —l?umaround: NIA
Return Report To: Caldwell, Joyce A | MSIN: R1-08 [ Phone: (509)376-0737
tgg{"ﬁow Sample ID/Type/Description Required Analysis
*16-05983-6-B1 / Hydrar (SKC 226- 1? 1A Hg-Elemental
 lstto 2 (395 B212973
< MEELE S ERD TSR AN e IIIIHIJII 2y Azl
Toa 1345 /16-05933-6-BLANK / Hydrar (SKC 226%%65 Hg-Elemental
) o .
T v e
ge :l_;qlﬁs-asgss-s-m / Hydrar (SKC 226-;15??(;:\,)'( 21299 Hg-Elemental
* Sl Te 2]
[T 00l 5 00 0 (300
i | 16-05983-6-D1/ Hydrar (SKC 226-1 ?-1% Hg-Elemental
STo \ 300 Sl Toal3c
AL T O 0 0 ED LAtk 3073
116-05983-6-E1 / Hydrar (SKC 226- 1?—1A) Hg-Elemental
Sl ToR 3cH! (oTo 21205
(YR RRET T Hlﬂﬂllﬂl!l!ﬁlﬂllﬂiilllh 1366
" 16-05983-6-EFF-BASE / Hydrar (SKC 226 17—1A) Hg-Elemental
pleTes 3 231
‘ [IIIHH[IIIIIIIIIHHlI|IllI|[IllIIlllIIIIIIIIIIIIIIIHIﬂﬂIILFLIIIIIIIIII 132
*116-05983-6-F1 / Hydrar (SKC 226-17-1A II-{ Hg-Elemental
st(p‘ﬁ;a\?l‘if . SlTe2-13
0 U U O A 315
“6 _', 16-05983-6-G 1/ Hydrar (SKC 226-17- 1A} 3 'q Hg-Elemental
ST 3T SWeTe 2\
(A 0 T VT 23l
Special Instructions:
Signature Printed Name Location Date Time
Delivered to Storage: b#,../;—:? (\;d*sn :L,: S_‘._v.,_ z | 234 ‘f ot [02-14-14 Ggo o
Retrieved from Storage:‘% PRETT GALuel. NGl | OFLY
[ [ a—
Slgnature Printed Name Date Time
Relinquished By: (MM [SReer— Erdln e V-18-1 | 100
RecevedBy: (7.0, Fhuet> | TErEsA FouresTer 2=(E=l 1100
Relinquished By:
Received By:
Relinquished By:
Received By:
Additional Comments:
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SWIHD - Chain of Custody

—

20162086 Rev. 0

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Protection Salutions | Date Sampled: 07/18/2018 l
CACN: 262002 |coa: caa [Survey No.: 16-05983 - Respirator Caridge Testng BY Famn |
Contact Name: Jones, Parker L iPhone: (508)373-4968 IT;.lrnamund: NiA
Return Report Te: Celdwell, Joycs A | MSIN: Ri-08 lPhone: {509)375-0737
tg:ﬂrsz Sample ID/Type/Description Required Analysis
16-05983-3-EFF-BASE / TDU (Tenax) Furans
VL U2 A L 3D 0 00 AN O
16-05983-3-F 1/ TDU (Tenax) ) W
A0 0 L SN SR ]
16-05983-3-G1 / TDU (Tenax) Furans
O A 0 A . K.
16-05983-3-H1 / TDU (Tenax) 20 Furans
) P A L St Y ' :
16-05983-3-H2 / TDU (Ten ’ Furans
% R 0 T N
16-05983-3-W-BASE / TDU (Tenax) Furans
| A A T 0 AT O T PR D01
(G *116-05983-6-A1 / Hydrar (SKC 226-1 T-1A.;_ ot Hg-Elemental
. BleTen1286 SitTo 2
0 L 228
4 16-05983-6-A2 / Hydrar (SKC 226-17-1A Hg-Elemental
' m; 12947 sl o2 1290
| VTN A0 A O D RIT (ear
Spegial Instructions: p
a . Signature Printed Name Location Date Time
Delivered to Storage: ,;l.;z Eercods Saonz| Bouwy o 07-1641006
Retrieved from Storage+) =0 7~ TGl | -5/ (0B2Y
L o S—y
i . :é;ignature Printed Name Date Time
Relnquished By: | § >l J @A~ | ISKRETT  G4neR 7-18- | pioo
ReceivedBy: |77 ., Aree A~ | T2 0ESH poressTER 18—t lioo ‘
Relinguished By:
Received By:
Refinquished By:
Received By:
Additional Comments, g 2
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20162085 Rev. O
NARRATIVE

FINAL REPORT ON AMMONIA VAPOR TUBES
FOR CARTRIDGE EVALUATION
COLLECTED JULY 15 - 16, 2016

This final report presents the results of twenty-six ammonia vapor tubes received at the 222-S
Laboratory on July 18, 2016. in good condition and with adequate paperwork. The samples were

logged into sample delivery group 20162085.

DISCLAIMERS
e The information contained in this report is intended only for the use of the addressee and
should be considered confidential.

e This report shall not be reproduced, except in full, without written approval of the
laboratory.

e The results shown in this report pertain only to the actual samples tested.

e These results conform to the requirements specified in the referenced methods/procedures
and specifications provided verbally or electronically by the customer. Any deviations or
modifications are discussed in the following narrative.

e This report only addresses laboratory activities related to the listed surveys.
Requirements or anomalies concerning field sampling are not addressed in this report.

PROCEDURES
Method Preparation Procedure Analysis Procedure
Ammonia by OSHA ID-188 LA-533-117, Rev, 3-1 L.A-503-157, Rev. 2-5

ANALYTICAL SUMMARY

The vapor tubes were tested for ammonia, as specified on the chain of custody. Standard
laboratory procedures for ion chromatography were followed as well as the requirements in
WHL-MP-1029, WHL Industrial Hygiene Quality Assurance Project Plan for 222-S Laboratory
(QAPP). Program specific work authorization instructions have been provided for WRPS IH
sample analysis through verbal and electronic communication with the customer point of contact,
and are kept as a record by the laboratory. When applicable, any client communication specific
to the samples in this report will be included herein. All quality control criteria in the QAPP were
met.

The measurement uncertainty was estimated based on the historical behavior of laboratory
control samples (LCS). The results of 373 LCS determinations indicate a mean recovery of 98%
with a standard deviation of 3.3%. Statistical process control limits for the LCS are

88 - 107%, with no significant bias. The overall estimate of uncertainty is 6.7%. with coverage
factor (k) = 2.

Due to background levels of ammonium (or interfering compounds) that are typically present in
the media used in the sorbent tubes for collecting the vapor samples, positive results are obtained
for the preparation blank. Laboratories typically correct the LCS and all field samples for these
background levels, when detected. However, per agreement with the customer, no blank
subtraction was performed. The client-requested reporting limit is 10 pg per sample, which
makes the analysis of additional blanks and subsequent blank subtraction unnecessary. It is the
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20162085 Rev. 0
laboratory’s opinion that including the media contribution. which is well below the client’s
requested reporting limit, provides results that are more conservative than when blank
subiractions are performed. Twenty-two of the twenty-six ammonia resulis for sample group
20162085 were above the reporting limit of 10 pg per sample. For these samples, the total result
includes the contribution from the back resin portion even though the back resin portion result is
lower than the reporting limit (see Attachment 1).
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Attachment 1

DATA SUMMARY REPORT
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DATA SUMMARY REPORT FOR SAMPLE GROUP 20162085

C.255

" . Standard .
Customer Sample ID \rap()r_l"ubc Litoiatony Analyte R“I:m % Blank | Result ch_o g
Portion Sample ID Unit Limit
Recovery
16-05982-7-A1 Total S16T021002  |Ammonia  |pg/sample  n/a =10.0  |6.55E+03 1000
16-05982-7-Al Front Resin S16T021003 _ |Ammonia__|ug/sample |99.6 <10.0  |6.55E+03 1000
16-05982-7-A1 Back Resin 516T021004 Ammonia ug/sample 199.6 <10.0 <100 10.0
16-05982-7-A2 Total S16T021005  [Ammomia  [pz/sample  |n/a <10.0 925 500
16-05982-7-A2 Front Resin S16TO21006 Ammonia _|ugfsample  ]99.6 <10.0 1924 500
16-05982-7-A2 Back Resin S16T021007 Ammonia  Jug/sample  [99.6 <100 <100 10,0
16-05982-7-B1 [Total SI6T021008  |Ammonia _|je/sample  |nia <10.0 |5.35E+03 1000
16-05982-7-B1 Front Resin S16T021009  |Ammonia  fus/sample 996 <10.0 |533E+03 1000
16-05982-7-B1 Back Resin 516T021010 Ammonia__|peisample 1996 <10.0 267 10.0
16-05982-7T-BLANK  |Total 516T021011 Ammonia_Jug/sample [n/fa <100 [<10.0 10.0
16-05982-7T-BLANK _ |Front Resin S516T021012 Ammonia__|pg/sample ]99.6 <100 |<10.0 10.0
16-05982-T-BLANK  |Back Resin 3161021013 |Ammonia__Jpg/sample 199.6 <100 |<10.0 10.0
16-05982-7-C1 Total 316T021014 Ammonia  |pe/sample  n/a <10.0  |6.29E+03 [1000
16-05982-7-C1 Front Resin 316T021015 Ammonia  |pe/sample  |99.6 =10.0  |6.28E+03 1000
16-05982-7-C1 Back Resin S16T0O21016 Ammonia pg:'samplc 99.6 =100 |18.6 10.0
16-05982-7-D1 Total S16T021017 Ammonia j.lg_."smnplc n'a <10.0  |2.16E+03 500
16-05982-7-D1 Front Resin S16T021018  [Ammonia  fue/sample  |99.6 <10.0  |216E+03 |500
16-05982-7-D1 Back Resin S16T021019 Ammonia |pgfsample |99.6 <100 |<10.0 10.0
16-05982-7-E1 [Total S161021020 _ |Ammonia__ |pg/sample |ia S10.0  |5.75E+03 1000
16-05982-7-El Front Resin 516T021021 Ammonia  |ug/sample [99.6 <100 |5 74E+03 [1000
16-05982-7-El Back Resin 3161021022 |Ammonia__|pa/sample 199.6 <10.0 |<10.0 10.0
16-05982-7-EFF-BASE | Total S516T021023  |Ammoma  |pe/sample  nfa <10.0  [<10.0 10.0
16-05982-7-EFF-BASE |Front Resin 5167021024 [Ammonia  [pafsample  |99.6 <10.0 |<10.0 10.0
16-05982-7-EFF-BASE | Back Resin S16T021025  JAmmonia__|pg/sample  199.6 <10.0  |<10.0 10.0
16-05982-7-F1 Total 516T021026 Ammonia _ |pgsample  nia <100 |214E+03 |500
16-05982-7-F1 Front Resin S16T021027  |Ammonia _ |ug/sample [99.6 <10.0  |214E+03 |500
16-05982-7-F1 Back Resin S16T021028  |Ammonia j.lsfsample 99.6 <10.0 <100 10.0
16-05982-7-G1 Total S16T021029 Ammonia__|pe/fsample |n‘a <10.0  |5.94E+03 1000
16-05982-7-G1 Front Resin S16T0O21030 Ammonia__ |pg/sample  [99.6 <10.0  |5.94E+03 1000
16-05982-7-G1 Back Resin S516T021031 Ammonia  |pg/sample  [99.6 <100 |<10.0 10.0
16-05982-7-H1 Total 516T021054 Ammonia__fue/sample |n/a <100 [6.95E+03 1000
16-05982-7-H1 Front Resin S16T021059  JAmmonia _ pg/sample 100 <10.0  |6.92E+03 1000
16-05982-7-H1 Back Resin S16TO21060 Ammonia _uls-y'sam}llc 100 <100 |329 10,0
16-05982-7-H2 Total S16TO21068 Ammonia__Jug/sample  n/a =10.0  |6.30E+03 |1000
16-05982-7-H2 Front Resin 516T021074 Ammonia  |pg/sample 100 <100 |6.2BE+03 [1000
16-05982-7-H2 Back Resin 316TO21075 Ammonia__|pg/sample 100 <100 [17.0 10.0
16-05982-7-IN-BASE |Total S16TO21089 Ammonia__ |pg/sample  [n/a <100 <100 10.0
16-05982-7-IN-BASE | Front Resin S516T021103  |Ammonia  ug/sample 100 <10.0 _|<10.0 10.0
16-05982-7-IN-BASE  |Back Resin S516T021104  |Ammonia }_lsi'sampic 100 <10.0  |<10.0 10.0
16-05983-7-A1 Tatal S516T021118  |Ammonia  |pg/sample  nfa <10.0  |6.32E+03 1000
16-05983-7-A1 Front Resin S16T0O21119 Ammoma  |pz/sample  [100 <100  |6.31E+03 1000
16-05983-7-A1 Back Resin S16T021120 Ammonia  |pg/sample 100 <10.0 |<10.0 10.0
16-05983-7-A2 Total S516T021141 Ammonia  |ug/sample  |n/a <10.0 |884 500
16-05983-7-A2 Front Resin S16TO21148  |Ammonia  fug/sample 100 <100 |883 S00
16-05983-7-A2 Back Resin S16T021149  |Ammonia__|ug/sample 100 <10.0  [|<10.0 10.0
16-05983-7-B1 Total S516T021150 Ammonia__ |pe/sample  fn/a <100 |4.68E+03 |500
16-05983-7-B1 Front Resin S16T021151 Ammonia  Jug/sample 100 <100 |468E+03 500
16-05983-7-B1 Back Resin S516T021152 Ammonia  |pessample 100 <100 [<100 10.0
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DATA SUMMARY REPORT FOR SAMPLE GROUP 20162085

" . Standard .

Customer Sample ID \rap()r_l"ubc Litoiatony Analyte R“I:m % Blank | Result ch_o g
Portion Sample ID Unit Limit
Recovery
16-05983-7-BLANK  |Total S516T021153 Ammonia__ |pgfsample  nfa <10.0 |<10.0 10.0
16-05983-7T-BLANK Front Resin S16T021155 Ammonia  Jue/sample 100 <10.0  |<10.0 10.0
16-05983-7-BLANK _ [Back Resin 3161021156 |Ammonia__pg/sample 100 <100 |<10.0 10.0
16-05983-7-C1 Tatal S516T021162  |Ammoma  |pg/sample  |n/a <10.0  |6.18E+03 [1000
16-05983-7-C1 Front Resin 516T021163 Ammonia  |pe/sample  [100 <100 |616E+03 [1000
16-05983-7-C1 Back Resin 5167021165 |Ammonia ig/sample 100 =100 |20.2 10.0
16-05983-7-D1 Total S16T021170 Ammonia__Jug/sample [n/a =10.0  |4.39E+03 |500
16-05983-7-D1 Front Resin S16T021171 Ammonia_ ug/sample 100 <10.0  |4.39E+03 |500
16-05983-7-D1 Back Resin S516T021172 Ammonia  |pe/sample  [100 <10.0 |<10.0 10.0
16-05983-7-El Total S516T021199 Ammonia  |pe/sample  n/a <10.0  |7.35E+03 |1.50E+03
1 6-05983-7-E1 Front Resin 316T021200 Ammonia__|ugisample ]93.0 <10.0  |7.34E+03 |1.50E+03
16-05983-7-E1 Back Resin S1 62031 201 Ammonia ].n&r’smnp]c 93.0 =100 |<100 10.0
16-05983-7-EFF-BASE | Total 516T021236 Ammonia__|pa/sample |nfa <100 [13.8 10.0
16-05983-7-EFF-BASE |Front Resin 516T021240 Ammonia__ |pg/sample  [93.0 <10.0 [13.2 10.0
16-05983-7-EFF-BASE |Back Resin 5167021241 Ammonia__|pe/sample 930 <100 |<10.0 10.0
16-05983-7-F1 Total S516T021255 Ammonia  |pe/sample  |n/a <100 |6.84E+03 |1.50E+03
16-05983-7-F1 Front Resin S16T021284 Ammonia  |pg/sample [93.0 <100 |6.84E+03 |1.50E+03
16-05983-7-F1 Back Resin S16T021285  JAmmonia__|ug/sample 93.0 <10.0  |<10.0 10.0
16-05983-7-G1 Total S516T021308  |Ammoma |ug/sample |n/a <10.0  [|6.46E+03 |1.50E+03
16-05983-7-G1 Front Resin S16T021309  |Ammoma  fuafsample 930 <100  |6.46E+03 |1 50E+03
16-05983-7-G1 Back Resin S16T021310 Ammonia pgr':;amplc 93.0 <10.0 |<10.0 10,0
16-05983-7-H1 Total S516T021316 Ammonia  |pe/sample  nia <10.0 [|7.52E+03 |1.50E+03
16-03983-7-H1 Front Resin 516T0O21318 Ammonia  |ue/sample  [93.0 <100 |7.36E+03 |1 50E+03
16-05983-7-H1 Back Resin 5167021320 |Ammonia__|paisample 930 <10.0 160 50,0
16-05983-7-H2 Total 516T021323  |Ammoma  |ue/sample  [n/a <100 |7.36E+03 |1.50E+03
16-05983- Front Resin 5167021326 |Ammonia__|pg/sample [93.0 <100 |7.35E+03 }1.50E+03
1 6-05983- Back Resin 3161021327 |Ammonia__Jng/sample 193.0 =100 <100 10.0
16-05983-7-IN-BASE | Total S516T021331 Ammonia__|ug/sample n/a <100 |18.6 10,0
16-05983-7-IN-BASE _|Front Resin S16T021358  |Ammonia__|pgfsample [93.0 <100 ]18.1 10.0
16-05983-7-IN-BASE  |Back Resin S16T021359 Ammonia  |ug/sample |93.0 <10.0 |<10.0 10.0
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Attachment 2

ANALYSIS DATE REPORT
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ANALYSIS DATE REPORT FOR SAMPLE GROUP 20162085

C.258

Laboratory Sample ID | Customer Sample ID Method Preparation Date Analysis Date
S16T021003 16-05982-T-A1 Ammonia 07/27/2016 08:35 07/28/2016 23:21
S16T021 004 16-05982-7-A1 Ammonia 07/27/2016 08:35 07/27/2016 17:39
S16TO21006 16-05982-7-A2 Ammonia 07/27/2016 08:35 07/28/2016 15:38
S16T021007 16-03982-7-A2 Ammonia 12016 08:35 07/27/2016 18:25
S16TO21009 16-05982-7-B1 Ammonia 07/28/2016 23:45
S16T021010 16-05982-7-B1 Amunonia 07/27/2016 19:12
[STeT021012 16-05982-7-BLANK Ammonia 07/27/2016 20.44
S16T021013 16-05982-7-BLANEK Ammonia 07/27/2016 21:07
S16TO21015 16-05982-7-C1 Ammonia 07/29/2016 00:08
S16T021016 16-05982-7-C1 Ammonia 07/27/2016 21:54
S16TO21018 16-05982-7-D1 Ammonia i 07/28/2016 16 -1§
S16T021019 16-05982-7-D1 Ammonia 07/27/2016 08'2'\ 07/27/2016 E‘lﬂ
S16T021021 16-05982-7-E1 Ammonia 0 /2016 08:35 07/29201 6 00;31
S16T021022 16-05982-7-E1 Ammonia 1/27/2016 08:35 07/27/2016 ’.’_3: 26
S16T021024 16-05982-7-EFF-BASE  |Ammonia 0 /2016 08:35 07/27/2016 23;49
S516T021025 16-05982-7-EFF-BASE  |Ammonia 07/27/2016 08:35 O7/28/2016 013
S16T021027 16-05982-7-F1 Ammonia 07/27/2016 08:35 07/28/2016 17:34
S16T021028 16-05982-7-F1 Ammonia 7/27/2016 08:35 07/28/2016 02:08
S16T021030 16-05982-7-G1 Ammonia 07/27/2016 08:35 07/292016 00:54
S16T021031 16-05982-7-G1 Ammeonia /2016 08:35 07/28/2016 02:55
mﬂ:l 059 16-03982-7-H1 Ammonia ! 2016 08:35 07/29/2016 01:17
S16T021 060 16-05982-7-H1 Ammonia 07/27/2016 08:35 07/28/2016 05:23
S16TO21074 16-05982-7-H2 Ammonia 07/27/2016 08:35 07/292016 01:40
SI6TO21075 16-05982-7-H2 Aminonia 07/27/2016 08:35 07/28/2016 07:00
S16T021103 16-05982-7-IN-BASE Ammonia 07/27/2016 08:35 07/28/2016 07:32
S16T021104 IG-USQ‘SB—?—TN—BJ\S_E Ammonia 07/27/2016 08:35 O7/28/2016 07:56
S16TO21119 16-05983-7-A1 Ammonia 07/27/2016 08:35 07/292016 02:03
S16T021120 16-05983-7- Ammonia 07/27/2016 08:35 07/28/2016 09:51
516T021 148 16-05983-7- Ammonia 07/, 116 08:35 07/28/2016 20:39
S16T021149 16-05983-7-A2 Ammonia 07/27/2016 08:35 07/28/2016 10:38
S16T021151 16-05983-7-B1 Ammonia (07/27/2016:08:35 O7/282016 21:03
mﬂ:l 152 16-05983-7-B1 Ammonia 07/27/2016 08:35 07/28/2016 11:24
S16T021155 16-05983-7-BLANK Ammonia (2016 08:35 07/28/2016 11:47
S16T021156 16-05983-7T-BLANK Ammonia 0 /2016 08:35 O7/28/2016 12:10
mﬂ}l 163 16-05983-7-C1 Ammonia 4] /2016 08:35 07/29/2016 02:50
S16T021165 16-05983-7-C1 Ammonia 0 /2016 08:35 O7/28/2016 12:56
S16T021171 16-05983-7-D1 Ammonia 07/27/2016 08:35 O7/28/2016 21:49
S516T021172 16-05983-7-D1 Ammonia 07/27/2016 08:35 07/28/2016 14:52
S16T021200 16-05983-7-E1 Ammonia 08/03/2016 08:00 OR/04/2016 09:22
S16T021201 16-05983-7-E1 Ammonia 08/03/2016 08:00 08/03/2016 18:10
S16T021240 16-05983-7-EFF-BASE  |Ammonia O8/03/201 6 08:00 O8/03/2016 18:27
S16T021241 16-05983-7-EFF-BASE  |Ammonia (8/03/2016 08:00 08/03/2016 18:44
S16T021284 16-05983-7-F1 Ammonia 08/03/2016 08:00 08/04/2016 10:13
S16T021 285 16-05983-7-F1 Ammonia OR/03/2016 08:00 OR/03/2016 19:18
S16T021309 16-05983-7-G1 Ammonia (8/03/2016 08:00 08/04/2016 10:30
S16T021310 16-05983-7-G1 Ammonia (O8/03/2016 08:00 OR/03/2016 20:42
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ANALYSIS DATE REPORT FOR SAMPLE GROUP 20162085

Laboratory Sample ID | Customer Sample ID Method Preparation Date Analysis Date
S16T021318 16-05983-7-H1 Ammoria 08/03/2016 08:00
S16T021320 16-05983-7-H1 Ammonia 08/03/2016 08:00
316T021326 16-05983-7-H2 Ammonia 08/03/2016 08:00 OB/04/2016 11:20
S516T021327 16-05983-7-H2 Ammonia 08/03/2016 08:00 08/03/2016 21:50
S16T021 358 16-05983-7-IN-BASE Ammonia 08/03/2016 08:00 08/03/2016 22:07
S16T021 359 16-05983-7-IN-BASE Ammoria (8/03/2016 08:00 08/03/2016 22:24
9of 15
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Attachment 3

RECEIPT PAPERWORK
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222-5

SAMPLE RECEIPT AND CHAIN OF CUSTODY
VERIFICATION CHECKLIST

ATS-LO-090-101 Rev E}g‘& - }

Sample Custodian:

Date Samples Received: Z-/J’ =/ é Total Number of Samples: Z{d?  Group #: aﬂlge M@/%- IA
Shaceq L\(/{o(a&ﬂ;\ IH Technician: Mfﬂf&’: ﬁ{—ﬁé_ﬂ

Sample Custodian to Complete:

Samples are intact and in good condition

Aclion Yes | No | N/A Comments
RSR provided? v
Verify GKl is complete ~ | ] Project File
Received from an alpha facility? ./ 7 [:] Contact PC for approval to ralease
Check that outer custody seal is intact, if /"
present
Record cooler temperature in cantigrade, as @ .
appropriate / “ [[] Check if no cooler andfor no ice

I

If No, provide comments below

RSA/COC provided and complete containing
the following information?

E‘_.

e Client name and client sample number

® Date and time of sampling

‘Sampling location or origin

Container type, size, and number

0 I o

ath.res (if used) noted on the

SA and sample bottles

Analysis request is clear

. Siénalure of persons relinquishing and

receiving samples

® Date andior time of sample custody

exchange

Verify that ple numbers on containers
match the{ COL and/or RSA

Samples stored properly (e.g., refrigeration)

L

NAYENANAY

Notify the PC immediately if any problems are noted, Any "Nc" checked boxes re
the initials block below is completed by the responsible WRPS PC,

quire PC resolution. Fer WRPS samples,

Samples acceptable for release? L_ic QS
1f Mo, comment on communication and resolution:

LIPS -Sh (-ﬁ - 120
Rire — 7%
WHL ~ OHy = 26
=2l Fornidhi
Number of [H Sai eived; acedvond: le 26
Aldehyde Screen: g Cs Amines:  Zde Ammonia: é(g Aromatic HC: Asbestos:
Beryllium: Be-Bulk: Be-Filter. Be-Wipe 1,3-Butadiene;
Formaldehyde: Furans: (& Mercury: % Methanol: Nitrosamines: g;’e
Nitrous Oxide: Pyridines: i_z_ svon 2 VOA: 24 Other-IH:

2-(&- (¢
Hekfie

PCISC Initials QL 7

oA

Date

AB005-302 (REV 4)
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SWIHD - Chain of Custody

20162085 Rev. 0

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Protection Solutions Tﬂatfe Sampled: 07152016
CACN: 2(JRCD3 | COA: cB20 LSur‘vey No.: 15605082 - Respirator Cariridge Testing 8Y Fam
Contact Name: Jones, Parker L Phone: (509)373-4966 }Turnaround: MiA
Return Report To: Caldwell, Joyce A IMSIN: R1-08 |Phone: (508)376-0737
tggoﬁitw Sample ID/Type/Description Required Anzlysis
————————__| 16-05982-6-H1 / Hydrar (SKC 226-17-1A) Hg-Elemental __— |
(I man
16-05982-6-H2 | Hydrar (SKC 226-17- << Hg-Elemental
|9 N T X
16-05982-8- Hydrar (SKC 226-17-1A) HgH ntal
| V0NNV 1R 5O O 0 AR
| 16-05982-7-A1 / CISA (SKC 226-29) * ' NH3
ST |ood- BT L loo3
{0 0 ook
’?6—059824-1&2} CISA (SKC 226-29) "@2 0 NH3
NeTe 2 (o651 Sl sol.
1 O T 1057
6-05982-7-B1/ CISA (SKC 226-29). NH3
Sl TeR (0% - SteTeR 00
{00 0O O S ioto
‘r 2 1o JB-OﬁQB?—?-BLANKfCISA (SKC 226(—292‘: 2o 2 NH3
SleTed o (] E ﬂ' [
(1O 8 .0 00000 0 0Ol " el
16-06982-7-C1 / CISA (SKC 226-29) = NH3
SleTe lbl‘1l-/JE , sfc-'rc,n (oS
(05 0050000 e 1ol
Special Instructions:
Signature Printed Name Location Date Time
Delivered to Storage: % e - A@ﬁd}, s 2704 Y Ren K0T ?ﬁb//{f 1A
Retneved fom strage'| {25 iy, |(&kerr Ghoee 254 | Do
i Signature - Printed Name Date Time
s ; 2 7 : ‘
Relnquished By. [  heB-(un | IDRZTT  CBRME/S 708l | [l e
Received By: %&f&rﬁ 4&;’:5_%‘{_/;/?'?' 7_/!“3’//{0_ o)
Relinquished By” | \’7 =
Received By: &
'Ee{inquished By:
Received By:'
Additional Comments:
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SWIHD - Chain of Custody
INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washinglon River Proleclion Solutions | Date Sampled: 07/15/2016
CACN: 2020033 COA: ©B20 Survey No.: 16-05982 - Respirator Cartridge Tesling BY Farm
Contact Name: Jones, ParkerL Phone: (509)373-4966 |Turnaround: NIA
Return Report To: Caldwell, Joyce A |MSIN: R1-06 | Phone: (509)376-0737
tg:ﬁﬁow Sample IDType/Description Required Analysis
16-05982-7-D1 / CISA (SKC 226-29 ) NH3
SleToR (ol S ILTo‘) 1=18 53
{ (DT TR 0 U0 EN A0 jelg
16-05982-7-E1 / CISA (SKC 226- 29) NH3
sisTo oy toTexlol
|I||E|lllﬂﬂ||]Jlﬁﬂrﬂﬂllﬂllllllll||ﬂﬂﬂ||] (&2
16-05982-7-EFF-BASE / CISA{SKC 226-29 NH3
sleTe2 (623 o 4
(00 O O TN e llﬂllll!ll ||ﬂ| |H|lll 625
7 }6-05982-?-F1 / CISA (SKC 226-28) 2o NH3
sl e (- 2
[T B OO AT O Y000 NT-%-1-
- 16-05982-7-G1/ CISA (SKC 226-239}*‘07, _ NH3
s\iealeaf! o
{0 0 AT YDA 00 A P je3(-
. s 16-05982-7-H1 / CISA (SKC 226- 29} 2 Gre q NH3
SleTo2(e5Y oxib
0 D TR A 000 0 1660
g > 16-05982-7-H2 / CISA (SKC 226-29) e NH3
& Te Q0L — yesie
o R jens
16-05982-7-IN-BASE / CISA (SKC 226- 29} '3 NH3
Sl6To2 . ? e
o2 8y R - o

Special Instructions:

Signature Printed Name Location Date Time

Delivered to Storage:  L7Z 20/ T ge Hendaaks [2704w) &m HIoT [ 7/iofite | 1)

Retrieved from Storage:* AM GALUER 745l | OF0]

o

Srgnq!ure " Printed Name Date Time
Renquned by |2 Do [RET Ga@n iR Thghe | //100
ReceivedBy: | 77 o D)o e deste [) 147 7)15hte | 1100
Relinquished By: J e
Received By:
Relinquished By:
Received By:
Additional Comments:
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20162085 Rev. 0

SWIHD - Chain of Custody
INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washington River Protection Solutions | Date Sampled: o07/16/2016
CACN: 202003 COA: CB20 | Survey No.: 1605983 - Respirator Cartridge Testing BY Farm
Contact Name: Jones, Parker L Phone: (509)373-4966 ;Turnaround: NiA
Return Report To: ' Caldwell, Joyce A -|MSIN: R1-06 |Phona: (508)376-0737
tggor@ory Sample ID/Type/Description Required Analysis
' [16-05983-7-D1 / CISA (SKC 226-29 NH3
ST 176y Sluea i1
[T S 72
'ﬁ, *116-05983-7-E1 / CISA (SKC 226-%9‘) o2 1960 NH3
SleTe2 NG9 i
0 AT S0 O T A (2o |
b’( 2 3& 16-05983-7-EFF-BASE / CISA (SKC t?fg-?Q) 21240 NH3
o203 HEr
| T R ST SR AT ST E O 0 vy
g )6-05933-?1F1 / CISA (SKC 226-29) NH3
SR \255 SWTo2128Y
{0 0 XD EE A 1285
'| 16-05983-7-G1 / CISA (SKC 226-29 NH3
S (Tl v;»g( 53!:‘(6 > 1309
0 0 T D0 A D 0 P 13le
‘1 16-05983-7-H1 / CISA (SKC 226-29) NH3
Blua \3lLy : SiB\318
| GBI AR 1320
7 L16-05983—7-H2 1 CISA (SKC 226-29}0 NH3
SloTo 1324 SleTo213 26
1 O 0 R O 0O 1327
*| 16-05983-7-IN-BASE / CISA (SKC 226-29 NH3
Sl B S e Fo 2 1258
(AR 359
Special Instructions:
R Signature Printed Name Location Date Time
Delivered to Storage: A ¢ ‘5-...:7, é_’u.m._}o Senz | gy ] wod— (07 -6 1hl oo d
Retrieved from Storage: Mﬂ : g T-13-46 |65
4 Sigppture - Printed Name Date Time
Relinguished By: [T A e [BRETT CARNER I-15-1, | t100
Received By: o AT . Doets | TEreca ForresTER T--/6 | L1OD
Relinquished By:
Received By:
Relinquished By:
Received By:
Additional Comments:
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20162085 Rev. O

SWIHD - Chain of Custody

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUE§T 5 i

"ln:
Contractor: Washington River Protection Solutlons | Date Sampled: omsrzﬁss
CACN: Q0220034 COA: ce2o Survey No.: 16-05983 - Respirator Cartridge Testing BY Farm
Contact Name: Jones, Parker L Phone: (508)373-49686 | Turnaround: N/A
Return Report To: Caldwell, Joyce A | MSIN: R1-06 | Phone; (509)376-0737
tgg%g‘low Sample ID/Type/Description Required Analysis
16-05983-8-H1 / Hydrar (SKC 226-17-1A) W
| O 0 O A O : e
16-05983-8-H2 / Hydrar (SKC 226-17-1A) N Hg-Elemental
2\
|0 050 0 0 B O D of
16-05983-6-IN-BASE ar (SKC 226-17-1A) Hg-Elemental
| O 0 O 0 0
5 16-05983 7-A1 1 CISA {SKC 226- 29) 2 lllq NH3
Pl :
' ' |IIII1IIIIIIIIIIlIIlI‘iIIfIIIIIIJI 1o
i /16-05933-? -A2 | CISA (SKC 226-29) Taa % NH3
Sl B 4L SUsTo2 WY
P2 A s o =9
6-05983-7-B1/ CISA (SKC 226-29) NH3
‘SI(J(D‘J.“SQ'} S\WTe2x sl
= IIIlIiIIIIIlIIaIIIIIBHIIIIIlI nsa
"1 16-06983-7-BLANK / CISA (SKC 226-29) NH3
S ToR 1153 StoTea IS5
{1 O 5 0 A0 0 T s
*|16-05983-7-C1/ CISA (SKC 226-29) NH3
o S L3
Gl o e
ST 20y ga i R 15
Special Instructions:
Signature Printed Name Location Date Time
Delivered to Storage: g‘.—f’, g‘-l‘m“,“’Sq.c.wL ST “_““-:‘, 07-16-14 00
L= L}
Retrieved from Storage: | [, , ‘%_—2 ‘ :’ g et Gt -8 | 03T
n S‘:';ignakure Printed Name Date Time
Relinquished By: f ;AJ&_&Q,CA/!/\' Wﬁ&é 7= (£~ 1L lloo
Received By: _?'aggg._f'é TERESH FORAESTER ~ (=it L)
Relinquished By:
Received By:
Relinquished By:
Received By:
Additional Comments:
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C.3.8 Aldehydes

ALS ANALYTICAL REPORT

Robert (Buddy) Sosa
Washington River Protection So
PO Box 850, MSIN T6-02
Richland, WA 99352

Report Date: July 27, 2016

Phone: (509) 373-1262

E-mail: robert_w_sosa@rl.gov

20162095
Workorder:

Analytical Results

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: 8167021205
Lab 1D: 1620241001

Sampling Location: CARTRIDGE EVAL

UATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Analyte (ug's:ne;t:; Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde 0.69 NA NA 0.050
Acetaldehyde 1 NA NA 0.050
Acetone 73 MNA NA 0.50
Acrolein <0.050 NA NA 0.050
Propionaldehyde 5.6 WA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde 7.1 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde 1.3 NA NA 0.050
mTolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 MNA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal 1.1 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 NA MNA 0.050

Sample I1D: $16T021208
Lab ID: 1620241002

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (2.4-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Resuilt
Analyte {ug/sample) Result (mg/m’) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 3.5 NA NA 0.050

Results Continued on Next Page

ADDRESS 960 West LaVioy Drive, Salt Lake City, Lkah, 84123 USA

PHONE +1 801 266 7700

ALS GROUP USA, CORP. An-ALS Limited Company

www.alsglobal.com

MIGHT SOLUTIONS 1o FARTIINM

Page 1 of 18

FAX +1 301 268 9992

1mqr—paqm
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021208
Lab ID: 1620241002

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Acetone <0.050 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde =0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample ID: $16T021209
Lab ID: 1620241003

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (2,4-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Analyte {ug! s:ne':):g; Result (mg/m”) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA MA 0.050
Acetaldehyde 4.4 NA A 0.050
Acetone 0.20 NA NA 0.050
Acrolein <0.050 NA MA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 MNA MNA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 MNA MNA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA MNA 0.050
m-Tolualdehyde <0.050 MNA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA MA 0.050
Hexanal <0.050 MNA MNA 0.050
2 5-Dimethylbenzaldehyde <0.050 NA MNA 0.050
Fage 2 of 18 lm - IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021210
Lab ID: 1620241004

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Resuit
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde <0.050 NA NA 0.050
Acetone <0.050 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA NA 0.050
H | <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: S16T021211
Lab ID: 1620241005

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Analyte {ugrs:ne';::; Result (mg/m”) Result (ppm)  RL {ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 6.3 NA NA 0.050
Acetone 3.0 MNA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 MNA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050

Results Continued on Next Page
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ALS ANALYTICAL REPORT
Workorder:

Client Project ID: CARTRIDGE EVALUATION
Purchase Order; 55502 Rel9

Analytical Results

Project Manager: Rand Potter

Sample ID: S16T021211
Lab ID: 1620241005

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Result
Analyte (ug/isample) Result (mg/m?) Result (ppm)  RL (ug/sample)
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample ID: $16T021212
Lab ID: 1620241006

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2018

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Resuit
Analyte {ug/sample) Result (mg/m?) Result {ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 7.3 NA NA 0.050
Acetone 12 MNA NA 0.050
Acrolein <0.050 MNA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 MNA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 MNA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Telualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: $16T021213
Lab ID: 1620241007

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method; EPA TO-11A

Media: SKC 226-119, Silica Gel (24-

Analyzed: 07/21/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 7.2 NA NA 0.050
Acetone 19 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde 0.11 NA NA 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 RelS
Project Manager: Rand Potter

Sample ID: S16T021213
Lab ID: 1620241007

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ugfsample)
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde =0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
H | <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample |D: S16T021214
Lab ID: 1620241008

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Analyte (ug's:n&':)::; Result (mg/m”) Result (ppm)  RL (ug/sample)
Formaldehyde 0.056 NA A 0.050
Acetaldehyde 0.051 NA NA 0.050
Acetone <0.050 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 MNA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MA NA 0.050
Page 5 of 13 lm - IHREP-V12.3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 RelS

Project Manager: Rand Potter

Sample ID: S16T021215
Lab ID: 1620241009

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Resuit
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 2.1 NA NA 0.050
Acetone 14 NA MNA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde 0.070 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA NA 0.050
H | <0.050 MNA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: S16T021216
Lab ID: 1620241010

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Methed: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Analyte (ugrs:ne';::; Result {mgim?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA MNA 0.050
Acetaldehyde i.7 MNA NA 0.050
Acetone 61 NA NA 0.50
Acrolein <0.050 NA NA 0.050
Propionaldehyde 0.82 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021216
Lab ID: 1620241010

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/21/2016

Resuit
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ugfsample)
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample ID: $16T021217
Lab ID: 1620241011

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2018

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Resuit
Analyte {ug/sample) Result (mg/m”) Result {ppm)  RL (ug/sample)
Formaldehyde 0.22 MNA A 0.050
Acetaldehyde 11 MNA NA 0.050
Acetone 60 NA NA 0.50
Acrolein <0.050 WA A 0.050
Propionaldehyde 5.6 NA A 0.050
Crotonaldehyde <0.050 MNA A 0.050
Butyraldehyde 8.7 MA A 0.050
Benzaldehyde <0.050 MNA A 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde 1.2 MNA NA 0.050
mTolualdehyde <0.050 MNA MA 0.050
p-Tolualdehyde <0.050 NA MNA 0.050
o-Tolualdehyde <0.050 NA A 0.050
Hexanal 0.33 NA NA 0.050
2 5-Dimethylbenzaldehyde <0.050 NA A 0.050

Sample ID: S16T021218
Lab ID: 1620241012

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method; EPA TO-11A

Media: SKC 226-119, Silica Gel (24-

Analyzed: 07/22/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde T2l NA NA 0.050
Acetone NA NA 0.50
Acrolein <0.050 NA NA 0.050
Propionaldehyde 1.0 NA NA 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel8

Project Manager: Rand Potter

Sample ID: S16T021218
Lab ID: 1620241012

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ugfsample)
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
H | <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample |D: $S16T021218
Lab ID: 1620241013

Collected: 07/15/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Analyte (ug's:ne';::; Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde 0.12 NA A 0.050
Acetaldehyde 0.074 NA NA 0.050
Acetone <0.050 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m+Tolualdehyde <0.050 MNA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal 0.12 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MA NA 0.050
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel8
Project Manager: Rand Potter

Sample ID: S16T021220
Lab ID: 1620241014

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Resuit
Analyte (ug/sample) Result {mg/m®) Result (ppm)  RL (ug/sample)
Formaldehyde 0.54 NA NA 0.050
Acetaldehyde 1 NA NA 0.050
Acetone 75 NA MNA 0.50
Acrolein <0.050 NA NA 0.050
Propionaldehyde 5.4 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde 8.2 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde 1.2 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA NA 0.050
H | 1.2 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: S16T021221
Lab ID: 1620241015

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Analyte (ugrs:ne';::; Result {mgim’) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 2.6 MNA NA 0.050
Acetone <0.050 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.080 NA NA 0.050
Valeraldehyde <0.050 MNA NA 0.050
m-Tolualdshyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021221
Lab ID: 1620241015

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Resuit
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ugfsample)
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample ID: $16T021222
Lab ID: 1620241016

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Resuit
Analyte {ug/sample) Result (mg/m”) Result {ppm)  RL (ug/sample)
Formaldehyde 0.069 NA NA 0.050
Acetaldehyde 3.0 NA NA 0.050
Acetone 0.39 MNA NA 0.050
Acrolein <0.050 MNA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 MNA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 MNA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Telualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: $16T021223
Lab ID: 1620241017

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method; EPA TO-11A

Media: SKC 226-119, Silica Gel (24-

Analyzed: 07/22/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde <0.050 NA NA 0.050
Acetone 0.17 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 RelS

Project Manager: Rand Potter

Sample ID: S16T021223
Lab ID: 1620241017

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Result
Analyte {ugisample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
H | <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample |D: $16T021224
Lab ID: 1620241018

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (24-

Analyzed: 07/22/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided
Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde 0.052 NA A 0.050
Acetaldehyde 4.9 NA NA 0.050
Acetone 1.1 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 MNA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m+Tolualdehyde <0.050 MNA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MA NA 0.050
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel9

Project Manager: Rand Potter

Sample ID: S16T021225
Lab ID: 1620241019

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Result
Analyte {ug/sample) Result {mg/m®) Result (ppm)  RL (ugfsample)
Formaldehyde 0.061 NA NA 0.050
Acetaldehyde 6.0 NA NA 0.050
Acetone 6.1 NA MNA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA NA 0.050
H | <0.050 MNA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: S16T021226
Lab ID: 1620241020

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Analyte (ug/ s::;::;. Result (mg/m?) Result (ppm)  RL {ug/sample)
Formaldehyde 0.052 NA NA 0.050
Acetaldehyde 7.2 NA NA 0.050
Acetone 16 NA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021226
Lab ID: 1620241020

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Resuit
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample ID: $16T021227
Lab ID: 1620241021

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-118, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Resuit
Analyte {ug/sample) Result (mg/m?) Result {ppm)  RL (ug/sample)
Formaldehyde 0.061 NA NA 0.050
Acetaldehyde 0.085 NA NA 0.050
Acetone 0.089 MNA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 MNA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 MNA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Telualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Sample ID: $16T021228
Lab ID: 1620241022

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method; EPA TO-11A

Media: SKC 226-119, Silica Gel (24-

Analyzed: 07/22/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA NA 0.050
Acetaldehyde 7.8 NA NA 0.050
Acetone 25 NA NA 0.50
Acrolein <0.050 NA NA 0.050
Propionaldehyde 0.095 WA A 0.050

Results Continued on Next Page
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel8

Project Manager: Rand Potter

Sample ID: S16T021228
Lab ID: 1620241022

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24-
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Result
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde =0.050 NA NA 0.050
p-Tolualdehyde <0.050 INA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
H | <0.050 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050

Sample |D: $16T021230
Lab ID: 1620241023

Collected: 07/16/2016

Sampling Location: CARTRIDGE EVALUATION

Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-119, Silica Gel (24-
Dinitrophenylhydrazine)

Sampling Parameter: Air Volume Not Provided

Analyzed: 07/22/2016

Analyte (ug's:n&';::; Result (mg/m?) Result (ppm)  RL (ug/sample)
Formaldehyde <0.050 NA A 0.050
Acetaldehyde 7.2 MNA A 0.050
Acetone 42 NA NA 0.50
Acrolein <0.050 MNA MA 0.050
Propionaldehyde 0,32 NA NA 0.050
Crotonaldehyde <0.050 NA A 0.050
Butyraldehyde <0.050 NA MA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA MNA 0.050
m-Tolualdehyde <0.050 MNA MNA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA MNA 0.050
Hexanal <0.050 MNA MNA 0.050
2,5-Dimethylbenzaldehyde <0.050 MA NA 0.050
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021231
Lab ID: 1620241024

Collected: 07/16/2016
Sampling Loeation: CARTRIDGE EVALUATION Received: 07/20/2016

Method: EPA TO-11A

Media: SKC 226-1189, Silica Gel (24- Analyzed: 07/22/2016
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Resuit
Analyte {ug/sample) Result (mg/m’) Result (ppm)  RL (ug/sample)
Formaldehyde 0.32 NA NA 0.050
Acetaldehyde 11 NA NA 0.050
Acetone 57 NA MNA 0.50
Acrolein <0.050 NA NA 0.050
Propicnaldehyde 5.4 NA NA 0.050
Crotonaldehyde <0.050 NA NA 0.050
Butyraldehyde 8.3 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde 1.2 NA NA 0.050
m-Tolualdehyde <0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 MNA NA 0.050
H | 0.44 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050
Sample ID; S$16T021232 Collected: 07/16/2016
Lab ID: 1620241025 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: EPA TO-11A Media: SKC 226-119, Silica Gel (24- Analyzed: 07/22/2016
Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (ug/sample) Result (mg/m’) Result (ppm)  RL {ug/sample)
Formaldehyde <0.050 MNA NA 0.050
Acetaldehyde 7.4 NA NA 0.050
Acetone 61 NA NA 0.50
Acrolein <0.060 NA NA 0.050
Propionaldehyde 0.99 NA NA 0.050
Crotonaldehyde <0.050 MNA NA 0.050
Butyraldehyde <0.050 NA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.060 NA NA 0.050
Valeraldehyde <0.050 NA NA 0.050
m-Tolualdehyde =0.050 NA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Tolualdehyde <0.050 NA NA 0.050
Hexanal <0.050 NA NA 0.050

Results Continued on Next Page

Page 15 of 18

me Z5
Wed, 07/27/16 1025 AM IHREP-V12.3

C.280



ALS ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Analytical Results

Sample ID: $16T021232 Collected: 07/16/2016
Lab ID: 1620241025 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: EPA TO-11A Media: SKC 226-1189, Silica Gel (24- Analyzed: 07/22/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Resuit
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
2,5-Dimethylbenzaldehyde <0.050 NA NA 0.050
Sample ID: $16T021233 Collected: 07/16/2016
Lab ID: 1620241026 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: EPA TO-11A Media: SKC 226-118, Silica Gel (24- Analyzed: 07/22/2016

Dinitrophenylhydrazine)
Sampling Parameter: Air Volume Not Provided

Resuit
Analyte {ug/sample) Result (mg/m?) Result {ppm)  RL (ug/sample)
Formaldehyde 0.11 NA NA 0.050
Acetaldehyde 0.12 NA NA 0.050
Acetone 0.089 MNA NA 0.050
Acrolein <0.050 NA NA 0.050
Propionaldehyde <0.050 NA NA 0.050
Crotonaldehyde <0.050 MNA NA 0.050
Butyraldehyde <0.050 MNA NA 0.050
Benzaldehyde <0.050 NA NA 0.050
Isovaleraldehyde <0.050 NA NA 0.050
Valeraldehyde <0.050 MNA NA 0.050
m-Tolualdehyde <0.050 MNA NA 0.050
p-Tolualdehyde <0.050 NA NA 0.050
o-Telualdehyde <0.050 NA NA 0.050
Hexanal 0.11 NA NA 0.050
2,5-Dimethylbenzaldehyde <0.050 MNA NA 0.050

Comments

| Quality Contrel: EPA TC-11A - (HEN: 173313)
Samples 1620241001 and 010 required 10X dilution for reporting of Acetone within calibrated range for front and back sections.
LMB used to media correct LCS/LCSD and field samples for Acetone only.

| Quality control: EPA TO-11A - (HBN: 173364) |

Samples 1620241011, 012, 014, 023, 024 and 025 required 10X dilution for reporting of Acetone within calibrated range for
front and back sections.

Samples 1620241022 required 10X dilution to front section only for reporting of Acetone within calibrated range.
LMB used to media correct LCS/LCSD and field samples for Acetone only.
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ALS ANALYTICAL REPORT
Workorder:
Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 RelS
Project Manager: Rand Potter

Report Authorization (/Sfis an electronic signature that complies with 21 CFR Part 11)

Method Analyst Peer Review
1S/ David Teynor 1S/ Christopher Winter
EPATEIA 07/26/2016 13:20 07/27/2016 10:24

Laboratory Contact Information

ALS Environmental Phone: (801) 266-7700
960 W Levoy Drive Email: alsit.lab@ALSGlobal.com
Salt Lake City, Utah 84123 Web: www.alsslc.com

General Lab Comments
The results provided in this report relate only to the items tested.
Samples were received in acceptable condition unless otherwise noted.
Samples have not been blank corrected unless otherwise noted.
This test report shall not be reproduced, except in full, without written approval of ALS.

ALS provides professional analytical services for all samples submitted. ALS is not in a position to interpret the data and
assumes no responsibility for the quality of the samples submitted.

All quality control samples processed with the samples in this report yielded acceptable results unless otherwise noted.

ALS is accredited for specific fields of testing (scopes) in the following testing sectors. The quality system implemented at ALS
conforms to accreditation requirements and is applied to all analytical testing performed by ALS. The following table lists testing
sector, accreditation body, accreditation number and website. Please contact these accrediting bodies or your ALS project
manager for the current scope of accreditation that applies to your analytical testing.

Testing Sector Accreditation Body Certificate Website
(Standard) Number
Erviranmental ACLASS {DoD ELAP) ADE-1420 http /fwww.aclasscorp.com
Utah (NELAC) DAT A1 hitp:finealth utah.gov/labilabimp/
Mevada UTO0004 hitp:findep nv_govibsdwilabservice htm
Oklahoma UTO0008 hitp /i deq.state ok usiCSDnew/
lowa 1A% 376 hittp:fwww iowadnr goviinsideDNR R egulatoryWalter aspx
Flonda (TNI} E&71067 hittp ffwwwe dep state i usflabsibarsfsas/qal
Texas (TMI) T104704456-11-1  http:ffwww toeq texas govifield/gafab_accred_certif htm|
Industrial Hygiens AlHALAP, LLC (IS0 17025 and 101574 hitp fwww athaaccreditedlabs org
AHALAR, LLC IHLARP/ELLAF)
Lead Testing:
CPSC ACLASS (IS0 17025, CPSC) ADE-1420 hitp:ffwww aclasscorp.com
Soil, Dust, Paint Air AlHALAP, LLC (1ISO 17025, 101574 hitp ffiwww aihaaccreditedlabs org
AIHA-LAP, LLC ELLAF and
MNLLARP)
Distary Supplements ACLASS (IS0 17025) ADE-1420 hitp ffwww aclasscorp.com

1620291 - Pa)u! 170125
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ALS ANALYTICAL REPORT

Workorder: | 34-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel8
Project Manager: Rand Potter

Definitions
LOD = Limit of Detection = MDL = Method Detection Limit, A statistical estimate of method/mediafinstrument sensitivity.
LOQ = Limit of Quantitation = RL = Reporting Limit, A verified value of method/media/instrument sensitivity.
ND = Not Detected, Testing result not detected above the LOD or LOQ,
NA = Not Applicable,
** No result could be reported, see sample comments for details.
< This testing result is less than the numerical value.
() This testing result is between the LOD and LOQ and has higher analytical uncertainty than values at or above the LOQ.

ALS Enwrionmental certifies this analytical report is in compliance with the Hanford SOW, both
technically and for completeness. Release of the data contained in this report has been electronically
authorized by the following laboratory representative:

Rand Potter. Project Manager. ALS Environmental
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ALS
Analysis Information

Quality Control Sample
Batch Report

Workorder: 1620241

Limits: HistoricalPerformance
Basis: ALS Laboratory Group

Preparation: MA
Batch: NA
Prepared By: NA

Analysis: EFATO-11A

Bateh: ILCHM2332 (HBN 173313)

Analyzed By: David Teynor

LMB: 509240
Analyzed: 07/21/2016 00:00
Units: ug/sampie

Analyte Result MOoL RL
Formaldehyde ND NA, 0.0500
Acetaldehyde ND NA 0.0500
Agetone 0.216 MNA 0.0500
Acrolein ND NA 0.0500
Propionaldenyde MDD MA 0.0500
Crotonaldehyde ND NA, 0.0500
Butyraldehyde ND NA 0.0500
Benzaldehyde MO MNA 0.0500
Isovaleraldehyde ND NA 0.0500
Valeraldehyde ND NA 0.0500
m-Tolualdehyde ND MNA 0.0500
p-Tolualdehyde ND MNA 0.0500
o-Tolualdehyds ND MNA 0.0500
Hexanal ND NA, 0.0500
2. 5-0imethyibenzaldehyde ND NA 0.0500

LCS: 509341 LCSD: 509342
Analyzed: 07/21/2016 00:00 Analyzed: 07/21/2016 00.00
Dilution: 1 Dilution: 1
Units: ug/sample Units: ug/sample

Analyte Result|  Target| “urec| @c Limits result| % Rec| RPD| GcLimits
Formmaldehyde 3.00 3.00] 100 878| 1168 2.98 003 0669 o0l 200
Acstaldehyde 3.00 3.00) 1w00] 47| 1105 3m 00| 0333 o0 200
Acetone 2.80 3.00 935] 602 1199 2.80 935 0.00] 00 200
Acrolein 294 3000 es0 835 1202 2.4 980 o000l o0 200
Propienaldehyde 34 3.00 108] 922 1172 37 we] 0951 00| 200
Crotonaldehyde 297 3.00 990 931) 1148 209 a9.7 0.671 00| 200
Butyraldehyde 3.14 3.00| 05| &86| 1208 3 101 ixM| 00] 200
Benzaldehyde 3.06 3.00 102 860| 123 305 102 0327 ool 200
Isovaleraldehyde 319 3.00 108] 954| 1218 3N 104 254 00| 200
Valeraldehyde 304 3.00 101 853 1204 299 8497 1.66] 00 200
m-Tolualdehyde 275 3.00 891.7] 8089| 11886 2.80 933 1.80 00l 200
p-Tolualdehyde an 3.00 07| 835| 1222 317 106 125 o0 200
a-Tolualdehyde 243 3.00] a77] 9186 1114 29 a7 o 0.685 00| 200
Hexanal 294 3000 9s0] 854| 1278 316 105 7211 00| 200
2 5-Dimethvibenzaldehyde 37 3.00| we| e9s| 1187 3.30 10 4021 o©0] 200
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Quality Control Sample
Batch Report

ALS
Analvsis Inf adion ]
Workorder: 1620241
Limits: HistoncalPerformance Preparation: NA& Analysis: EPATO-114
Basis: ALS Laboratory Group Batch: NA Batch: ILC/12332 (HEN: 173313)
Prepared By: NA Analyzed By: David Teynor

Samples 1620241001 and 010 required 10X dilution for reperting of Acetone within calibrated range for front and back sections.

LMB used to media correct LCSACSD and field samples for Acelone only

154 David Teynor 1S/ Christopher Winter
07F25/2016 15:37 O7/26/2016 1217

* - Analyte above reparting limit or outside of contral linits RPD - Relative % Differenca (Spike / Spike Duplicate)

A - Sample result 1s areater than 4 times the spike added MO - Not Datacted (U - Qualifier also flags analvte as not detectad)

@ - Sample and Matnx Duplicate Jess than 5 times the reporting imit MNA - Not Applicable

® - Rasult is above the calibration range QC resuits are not adjusted tor moisturs correction, where applicable
Page 2of 4 Wednesday, July 27, 2018 QACs V4.1
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ALS
Analysis Information

Quality Control Sample
Batch Report

Workorder: 1620241

Limits: HistoricalPerformance
Basis: ALS Laboratory Group

Preparation: MA
Batch: NA
Prepared By: NA

Analysis: EFATO-11A

Bateh: ILC/12338 (HBN: 173364)

Analyzed By: David Teynor

LMB: 509471
Analyzed: 07/22/2016 00:00
Units: ug/sampie

Analyte Result MOoL RL
Formaldehyde ND NA, 0.0500
Acetaldehyde ND NA 0.0500
Agetong 0.237 MNA 0.0500
Acrolein ND) NA 0.0500
Propionaldehyde MO MA 0.0500
Crotonaldehyde ND NA, 0.0500
Butyraldehyde ND NA 0.0500
Benzaldehyde MO MNA 0.0500
Isovaleraldehyde ND NA 0.0500
Valeraldehyde ND NA 0.0500
m-Tolualdehyds ND MNA 0.0500
p-Tolualdehyde ND MA 0.0500
o-Tolualdehyds ND MNA 0.0500
Hexanal ND NA, 0.0500
2. 5-0imathyibenzaldehyde ND NA 0.0500

LCS: 509472 LCSD: 509473
Analyzed: 07/22/2016 00:00 Analyzed: 07/22/2016 00:00
Dilution: 1 Dilution: 1
Units: ug/sample Units: ug/sample

Analyte Result] Target| % Rec| QC Limits Rqamtl % Rec RPD| QCLimits
Formmaldehyde 298 3.00] 99.3| 87E&| 1168 3.02 101 1.33 o0l 200
Acstaldehyde am 3.00] 100 @47 1105 3 101 0.992) oal 200
Acetone 2.78 300 928 6921 1199 279 931 0.359 00 200
Acrolein 295 3.00 983| 835| 1202 2.94 980| 0340 00| 200
Propionaldenyde 313 3.00] 1041 922 1172 313 04 0.00] 00 200
Crotonaldehyde 299 3.00] 99.7] 931 11438 2.98 983 0.335] 00| 200
Butyraldehyde 3.06 3.00] 102 866( 1208 im 100 165 00] 200
Benzaldshyde 3.02 3.00] 101 950 1123 311 104 2.4 00| 200
Isovaleraldehyde 315 3.00] 105 954 1218 313 104 0837 00 200
Valeraldehyde 3.03 3.00] 101 853 1204 2.99 897 1331 00] 200
m-Tolualdehyde 285 3.00] 983 809| 11886 212 104 5.60 00l 200
p-Tolualdehyde 3.02 3.00] 101 83.5[ 1222 282 94.0 685 00] 200
a-Tolualdehyds 2495 3.00] 983 9186 1114 2.95 883 0.00] 00| 200
Hexanal 3208 3.00 103 854 12786 315 105 225 00| 200
2 5-Dimethvibenzaldehyde 326 3.00] w9 ees| 1187 320 107 1.86] 00| 200
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Quality Control Sample
Batch Report

ALS
Analysis Information .
Workorder: 1620241
Limits: HistoncalPerformance Preparation: NA Analysis: EPATO-114,
Basis: ALS Laboratory Group Batch: NA Batch: ILC/12338 (HEMN: 173364)
Prepared By: NA Analyzed By: David Teynor

Samples 1620241011, 012, 014, 023, 024 and 025 required 10X dilution for reporting of Acstone within calibrated range for front and back
sections.

Samples 1620241022 required 10X dilution to front section only for reporting of Acetone within calibrated rangs
LMB used to media correct LCSLCSD and field samples for Acatone only

Analyst Peer Review

1S5/ David Teynor ISI Christopher Winter
07/26/2016 13:20 07/27/2016 10:24

% - Analyte above reporting limit or outside of control limits RFD - Ralative % Diffarence (Spike / Spike Duplicate)

A - Sample result is greater than 4 times the spike added MO - Not Detected (U - Qualifier also flags analvte as not detected)

@ - Sample and Matnx Duplicate less than 5 limes the reporting limi MNA - Not Applicable

& - Resull is above the calibration range QC results ara not adjusted for moisture corraction, where applicable
Page 4 of 4 Wednesday, July 27, 2016 Qcs V4.1
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C.3.9

Robert (Buddy) Sosa

1, 3 Butadiene

ANALYTICAL REPORT

Report Date: August 01, 2016

Phone: (509) 373-1262

Washington River Protection So

PO Box 850, MSIN T8-02
Richland, WA 98352

Analytical Results

E-mail: robert_w_sosa@rl.gov
20162100
Workorder: | 34-1620493
Client Project ID: Washington River Protection
So

Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021368
Lab ID: 1620493001

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016

Sampling Par : Air Volume Not Provided
Result
Analyte {mg/sample} Result (mgin’) Result (ppm)  RL (mg/sample)
1,3-Butadiene 0.050 NA NA 0.010

Sample ID: S16T021369
Lab 1D: 1620493002

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/30/2016

Result
Analyte {mg/sample) Result (mg/n?’} Result {(ppm) RL (mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010
Sample ID: S16T021370 Collected: 07/15/2016
Lab ID: 1620493003 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided
Result
Analyte {mgisample} Result (mg/m’) Result {ppm)  RL {mglsample)
1,3-Butadi 0.0059 MNA NA 0.0010
ADDRESS 950 West LeVoy Drive, St Lake City, Utah, 84123 USA  PHOMNE +1 801 266 7700 FAX +1 801 268 9992
ALS GROUP USA, CORP. An ALS Lim ted Company
www.alsglobal.com
RIGHT SOLUTIONS MiGHT Fan Trem
Page 1 of 12 Mon, 08/01/16 5.00 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: $16T021371
Lab |ID: 1620493004

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (malsample} Result (mginr) Result {ppm) RL (mg/sample)
1,3-Butadiene <0.0010 MA NA 0.0010

Sample ID: $16T021372
Lab ID: 1620493005

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mginr) Result {ppm)  RL {mg/sample)
1,3-Butadiene 0.018 MNA NA 0.010

Sample ID: S16T021373
Lab 1D: 1620493006

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/n’} Result (ppm) RL (mg/sample)
1,3-Butadi 0.042 NA NA 0.010
Sample ID: S16T021374 Collected: 07/15/2016
Lab 1D: 1620493007 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample) Result (mg/m’} Result (ppm)  RL (mgf/sample]
1,3-Butadiene 0.089 NA MNA 0.010

Sample ID: S16T021375
Lab ID: 1620493008

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mg/m’) Result (ppm) RL {mg/sample)
1,3-Butadiene 0.050 MNA NA 0.010
Page 2 of 12 Mon, 08/01/16 500 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021376
Lab |ID: 1620493009

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016

Sampling Parameter: Air Volume Not Provided

Result
Analyte (mglsample) Result (mg/n7') Result {ppm) RL (mg/sample)
1,3-Butadiene 0.13 MA MNA 0.010

Sample ID: S16T021377
Lab ID: 1620493010

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016

Sampling Parameter: Air Volume Not Provided

Resuit
Analyte {mg/sample} Resuit (mg/nr) Result {ppm)  RL {mg/sample)
1,3-Butadiene 0.050 MNA NA 0.010

Sample ID: S16T021378
Lab ID: 1620493011

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016

Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/nv’} Result (ppm) RL (mg/sample)
1,3-Butadi 0.066 NA NA 0.010
Sample ID: S16T021379 Collected: 07/15/2016
Lab ID: 1620493012 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample] Result (mg/m’) Result (ppm)  RL (mg/sample]
1,3-Butadiene <0,0010 NA NA, 0.0010
Sample ID: S16T021380 Collected: 07/15/2016
Lab ID: 1620493013 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Vol Not Provided
Result
Analyte {mg/sample} Result (mg/m’) Result {(ppm) RL {mg/sample)
1,3-Butadiene <0.0010 MNA NA 0.0010
Page 3 of 12 Mon, 08/01/16 5.00 PM IHREP-V12 3

1620493 - Page 3 of 20

C.293



Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021381
Lab |ID: 1620493014

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (mglsample) Result (mg/n7') Result {ppm) RL (mg/sample)
1,3-Butadiene <0.0010 MA NA 0.0010

Sample ID: $16T021382
Lab ID: 1620493015

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Resuit (mginr) Result {ppm)  RL {mg/sample)
1,3-Butadiene <0.0010 MNA NA 0.0010

Sample ID: S16T021383
Lab ID: 1620493016

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/n’} Result (ppm) RL (mg/sample)
1,3-Butadi <0.0010 NA NA 0.0010
Sample ID: S16T021384 Collected: 07/15/2016
Lab ID: 1620493017 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample) Result (mg/m’) Result (ppm)  RL (mg/sample]
1,3-Butadiene <0,0010 NA NA, 0.0010

Sample ID: S16T021385
Lab ID: 1620493018

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mg/nv) Result {ppm) RL {malsample)
1,3-Butadiene <0.0010 MNA NA 0.0010
Page 4 of 12 Mon, 08/01/16 5.00 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021386
Lab |ID: 1620493019

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (malsample} Result (mgin7) Result {ppm) RL (mgf/sample)
1,3-Butadiene <0.0010 MA NA 0.0010

Sample ID: S16T021387
Lab ID: 1620493020

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mginr) Result {ppm)  RL {mg/sample)
1,3-Butadiene 0.0034 MNA NA 0.0010

Sample ID: S16T021388
Lab 1D: 1620493021

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/nv’} Result (ppm) RL (mg/sample)
1,3-Butadi 0.0064 NA NA 0.0010
Sample ID: S16T021389 Collected: 07/15/2016
Lab ID: 1620493022 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample] Result (mg/m?’) Result (ppm)  RL (mgf/sample]
1,3-Butadiene 0.010 NA MNA 0.0010

Sample ID: S16T021390
Lab ID: 1620493023

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mg/m’) Result {(ppm) RL {mg/sample)
1,3-Butadiene <0.0010 MNA NA 0.0010
Page 5 of 12 Mon, 08/01/16 500 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: $16T021391
Lab |ID: 1620493024

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (malsample} Result (mgin7) Result {ppm) RL (mg/sample)
1,3-Butadiene <0.0010 MA NA 0.0010

Sample ID: $16T021392
Lab ID: 1620493025

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Resuit (mg/nr) Result {(ppm)  RL {mg/sample)
1,3-Butadiene <0.0010 MNA NA 0.0010

Sample ID: S16T021393
Lab ID: 1620493026

Collected: 07/15/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/n’} Result (ppm) RL (mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010
Sample ID: S16T02139%4 Collected: 07/16/2016
Lab 1D: 1620493027 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample) Result (mg/m’) Result (ppm)  RL (mg/sample]
1,3-Butadiene 0.071 NA MNA 0.0010

Sample ID: S16T021395
Lab ID: 1620493028

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mg/m’) Result {ppm) RL {mag/sample)
1,3-Butadiene <0.0010 MNA MNA 0.0010
Page & of 12 Mon, 08/01/16 500 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: $16T021396
Lab |ID: 1620493029

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (malsample} Result (mginr) Result {ppm) RL (mg/sample)
1,3-Butadiene <0.0010 MA MNA 0.0010

Sample ID: S16T021397
Lab ID: 1620493030

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Resuit (mg/nr’) Result {ppm)  RL {mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010

Sample ID: S16T021398
Lab 1D: 1620493031

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/n’} Result (ppm) RL (mg/sample)
1,3-Butadi 0.017 NA NA 0.0010
Sample ID: S16T021399 Collected: 07/16/2016
Lab ID: 1620493032 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample) Result (mg/m’) Result (ppm)  RL (mg/sample]
1,3-Butadiene 0.037 NA MNA 0.010
Sample ID: S16T021400 Collected: 07/16/2016
Lab ID: 1620493033 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Vol Not Provided
Result
Analyte {mg/sample} Result (mg/m’) Result {ppm) RL {mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010
Page 7 of 12 Mon, 08/01/16 5.00 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021401
Lab ID: 1620493034

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (mglsample) Result (mg/n7’) Result {ppm) RL (mg/sample)
1,3-Butadiene 0.086 MA NA 0.010

Sample ID: $16T021402
Lab ID: 1620493035

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Resuit (mgin7) Result {ppm)  RL {mg/sample)
1,3-Butadiene 0.021 MNA NA 0.010

Sample ID: $16T021403
Lab ID: 1620493036

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/m’} Result (ppm) RL (mg/sample)
1,3-Butadi 0.061 NA NA 0.010
Sample ID: S16T021404 Collected: 07/16/2016
Lab ID: 1620493037 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample] Result (mg/m’) Result (ppm)  RL (mg/sample]
1,3-Butadiene 0.032 NA MNA 0.010

Sample ID: S16T021405
Lab ID: 1620493038

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Result (mg/nv) Result {ppm) RL {mg/sample)
1,3-Butadiene <0.0010 MNA NA 0.0010
Page 8§ of 12 Mon, 08/01/16 5:00 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: $16T021406
Lab |ID: 1620493038

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (malsample} Result (mginr) Result {ppm) RL (mgf/sample)
1,3-Butadiene <0.0010 MA MNA 0.0010

Sample ID: S16T021407
Lab ID: 1620493040

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Resuit
Analyte {mg/sample} Result (mg/nr) Result {ppm)  RL {mg/sample)
1,3-Butadiene <0.0010 MNA NA 0.0010

Sample ID: S16T021408
Lab 1D: 1620493041

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/n’} Result [ppm) RL (mg/sample)
1,3-Butadi <0.0010 NA NA 0.0010
Sample ID: S16T021409 Collected: 07/16/2016
Lab 1D: 1620493042 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample) Result (mg/m’) Result [ppm)  RL (mg/sample]
1,3-Butadiene <0,0010 NA NA, 0.0010
Sample ID: $16T021410 Collected: 07/16/2016
Lab ID: 1620493043 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Vol Not Provided
Result
Analyte {mg/sample) Result (mg/m’) Result (ppm) RL {mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010
Page 8 of 12 Mon, 08/01/16 5.00 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: $16T021411
Lab |ID: 1620493044

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte (malsample} Result (mgin7) Result {ppm) RL (mg/sample)
1,3-Butadiene 0.059 NA NA 0.010

Sample ID: S16T021412
Lab ID: 1620493045

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample} Resuit (mginr) Result {ppm)  RL {mg/sample)
1,3-Butadiene 0.0023 MNA NA 0.0010

Sample ID: S16T021413
Lab ID: 1620493046

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Volume Not Provided

Result
Analyte {mg/sample) Result (mg/n’} Result (ppm) RL (mg/sample)
1,3-Butadiene 0.097 NA NA 0.010
Sample ID: S16T021414 Collected: 07/16/2016
Lab ID: 1620493047 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par ter: Air Vol Not Provided
Result
Analyte {mglsample) Result (mg/m’} Result [ppm)  RL (mg/sample)
1,3-Butadiene 0.0016 NA MNA 0.0010
Sample ID: $16T021415 Collected: 07/16/2016
Lab ID: 1620493048 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Parameter: Air Vol Not Provided
Result
Analyte {mg/sample} Result (mg/nv) Result (ppm) RL {malsample)
1,3-Butadiene 0.072 NA NA 0.010
Page 10 of 12 Mon, 08/01/16 5.00 PM IHREP-V12 3
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Analytical Results

ANALYTICAL REPORT
Workorder: | 34-1620493
Client Project ID: Washington River Protection

So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: $16T021416
Lab ID: 1620493049

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/30/2016

Result
Analyte (mg/sample) Result (mg/m®) Result (ppm)  RL {mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010

Sample ID: $16T021417
Lab ID: 1620493050

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/30/2016

Analyte

Result
(mg/sample) Result {mg/m’} Result (ppm)  RL (mgfsample)

1,3-Butadiene

<0.0010 MNA NA 0.0010

Sample ID: S16T021418
Lab ID: 1620493051

Collected: 07/16/2016
Received: 07/22/2016

Method: NIOSH 1024

Media: SKC 226-37 Sorbent Tube
Sampling Parameter: Air Volume Not Provided

Analyzed: 07/30/2016

Result
Analyte (mg/sample) Result [mg/m’) Result (ppm) RL [mg/sample)
1.3-Butadiene <0.0010 MNA MNA 0.0010
Sample ID: S16T021419 Collected: 07/16/2016
Lab I1D: 1620493052 Received: 07/22/2016
Method: NIOSH 1024 Media: SKC 226-37 Sorbent Tube Analyzed: 07/30/2016
Sampling Par : Air Vol Not Provided
Result
Analyte [mg/sample) Result {[mgim®) Result (ppm)  RL {mg/sample)
1,3-Butadiene <0.0010 NA NA 0.0010
Report Authorization (/S/is an electronic signature that complies with 21 CFR Part 11)
Method Analyst Peer Review
IS/ Fred Rejali /S/ Thomas J. Masoian
MioFHI%A 08/01/2016 15:08 0810112016 16:37

Laboratory Contact Information
ALS Environmental
960 W Levoy Drive
Salt Lake City, Utah 84123

Phone: (801) 266-7700
Email: alsht.lab@ALSGlobal.com
Web: www.alsslc.com
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ANALYTICAL REPORT

Workorder:
Client Project ID: Washington River Protection
So
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

General Lab Comments
The resulls provided in this report relate only to the items tested.
Samples were received in acceplable condition unless otherwise noted.
Samples have not been blank corrected unless otherwise noted.
This test report shall not be reproduced, except in full, without written approval of ALS.

ALS provides professional analytical services for all samples submitted. ALS is not in a position to interpret the data and
assumes no responsibility for the quality of the samples submitted.

All quality control samples processed with the samples in this report yielded acceptable results unless otherwise noted.

ALS is accredited for specific fields of testing (scopes) in the following testing sectors. The quality system implemented at ALS
conform s to accreditation requirements and is applied to all analytical testing performed by ALS. The following table lists testing
sector, accreditation body, accreditation number and website. Please contact these accrediting bodies or your ALS project
manager for the cumrent scope of accreditation that applies to your analytical tesling.

Testing Sector Accreditation Body Certificate Website
(Standard) Number
Environmental ACLASS (DoD ELAP) ADE- 1420 hitp: fwww aclasscorp com
Itah {(NELAC) DATA1 http #health utah goviabilabimp/
Mevada LTO000S http:fndep.nv govibsdwilabservice. htm
OKahoma LTO0002 hitp: fwww deq state ok us/CSOnew!
lowa 1A# 376 hittp: fiwww iowadnr govinside DNRIRegulatony/Water aspx
Florida (TNI) E&T1067 hitp:fwww dep state flusAabsibarsisas/qal
Texas (THI) TA04704456-11-1  hitp: Mwwiw tcaq texas govifieldiqalab_accrad_certif html
Industrial Hyaiene AIHA-LAP, LLC {150 17025 and 101574 hitp, Mwww aihaaccreditediabs org

AlHA-LAP, LLC IHLAP/ELLAP)

Lead Testing:

CPSC ACLASS (I1SO 17025, CPSC) ADE-1420 http: fwww aclasscorp . com
Soil, Dust, Paint ,Air AlHA-LAP, LLC (IS0 17025, 101574 http: v aihaaccreditediabs.org
AIHA-LAP, LLC ELLAP and
MLLAF)
Dietary Supplements ACLASS (IS0 17025) ADE-1420 hittp: fiwwiw aclasscorp com
Definitions

LOD = Limit of Detection = MDL = Method Detection Limit, A statistical estimate of method/mediafinstrument sensitivity.
LOQ = Limit of Quanlitation = RL = Reporting Limit, A verified value of method/mediafinstrument sensilivity.

ND = Not Detected, Testing result not detected above the LOD or LOQ.

MA = Nol Applicable.

** No resull could be reported, see sample comments for details.

< This testing result is less than the numerical value.

() This lesling result is between the LOD and LOQ and has higher analytical uncertainty than values at or above the LOQ.

ALS Enwvrionmental certifies this analytical report is in compliance with the Hanford SOW, both
technically and for completeness. Release of the data contained in this report has been electronically
authorized by the following laboratory representative:

Rand Potter, Project Manager, ALS Environmental
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ALS
Analysis Information

Quality Control Sample

Batch Report

Workorder: 1620493

Limits: Historical/Performance
Basis: ALS Laboratory Group

Preparation; NA
Batch: NA
Prepared By: NA

Analysis: NIOSH 1024
Batch: FID/7623 (HBN 173681)
Analyzed By: Fred Rejall

MB: 510262
Analyzed: 07/30/2016 00:00

Units: mag/sample

Analyte

Result| MDL| RL

1.3-Buladiens

NDl NA 0.00100

MB: 510265
Analyzed: 07/30/2016 00:00

Units: mgfsample

Analyte

Result| MDL RL

1,3-Buladiens

ND| A 0.00100

MB: 510268
Analyzed: 07/30/2016 00:00

Units: mofsample

Analyte

Result| MDL| RL

1.3-Butadiene

NDI MA| 0.00100

Les: 510263 LCSD: 510264
Analyzed: 07/30/2016 0000 Analyzed: 07/30/2016 00:00
Dilution: 1 Dilution: 1
Units: ma/sample Units: ma/sample
Analyte Resultf  Target| %Rec| QCLimits Result| %Rec| RPD| QcLimits
13-Butadiens 00305 oows| 1| 780| 1178 oosa| w87 ose1| oo] 200
Lcs: 510266 LCSD: 510287
Analyzed: 07/30/2016 0000 Analyzed: 07/30/2016 00.00
Dilution: 1 Dilution: 1
Units: magfsample Units: mg/sample
Analyte Result]  Target| %Rec| ocLimits Result| %Rec| RPD| QcLimits
1.3-Butadiens 00244| 00274 832 78.0[ 1176 oozro| 887 101 oo| 200
LCs: 510269 LCsD: 510270
Analyzed: 07/30/2016 00:00 Analyzed: 07/30/2016 00,00
Dilution: 1 Dilution: 1
Units: mo/sampla Units: mg/sampl
Analyte Result|  Target| %Rec| acLimits Resultf %Rec| RPD| acLimits
1.3-Butadiene 00286] 00274 05| 780] 1176 oo2e4)  107]  276] o0o| 200
Pags 10f2 Monday, August 01, 2016 QCs V4 1
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Quality Control Sample

Batch Report
ALS
Workorder: 1620493
Limits: Historical/Parformance Preparation; NA Analysis: MIOSH 1024
Basis: ALS Laboratory Group Batch: NA Batch: IFIDVTE23 (HBN: 173681)
Prepared By: hNA Analyzed By: Fred Rejali

~ Analyst Peer Review
f5f Fred Rejali 1S/ Thomas J Masoian
08/01/2016 15.08 08/01/2016 16:37

ind Definitions
* - Analyle sbove reporting limit or outside of control limits RFD- Redatve % Difference {Spike f Spike Duplicate)

A - Sample result is greater than 4 imes the spike added NOD - Mot Datacted (U - Qualifier also flags analyte as not detected)

@ - Sample and Matrix Duplicate less than 5 times the reparting limit NA - Not Applicable

@ - Result Is above the calibration range QC results are not adjusted for moisture cormection, whers applicable
Page 2 of 2 Monday, August 01, 2018 acsva
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C.3.10 Pyridines

ALS

Robert (Buddy) Sosa

Washington River Protection So
PO Box 850, MSIN T6-02

Richland, WA 99352

Analytical Results

ANALYTICAL REPORT

Report Date: July 28, 2016

Phone: (509) 373-1262

E-mail: robert_w_sosa@rl.gov

2016209
Workchder | $4-1620248 |

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: 816T021121
Lab 1D: 1620246001

Collected: 07/15/2016
Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016
00/50
Sampling Parameter: ;ir Volme Not Provided
Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Pyridine 0.91 NA NA 0.50
2,4-Dimethylpyridine 13 NA NA 0.50

Sample ID: 8167021122
Lab 1D: 1620246002

Collected: 07/15/2016
Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit

Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)

Pyridine <0.50 NA NA 0.50
2,4-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: 8167021123 Collected: 07/15/2016
Lab ID: 1620246003 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016
100/50mg
Samplln_g Parameter: Air Volume Not Provided
Result

Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)

Pyridine <0.50 NA NA 050
2,4-Dimethylpyridine <0.50 NA NA 0.50

ADDRESS 960 West LaVoy Drive, Salk Lake City, Ltah, 84123 USA | PHONE +1 801 266 7700 FAX +1 801 268 9992
ALS GROUP USA, CORP. An-ALS Limited Company
www.alsglobal.com
MIGHT SOLUTIONS mium T raminem
;U!UZM'—'PZBE!TUF T
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021124
Lab ID: 1620246004

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 077202016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ugfsample)
Pyridine <0.50 NA NA 0.50
24-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: $16T021125
Lab 1D: 1620246005

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (ug/sample) Result {(mg/m?) Result (ppm)  RL (ug/sample)
Pyridine <0.50 MNA NA 0.50
2 4-Dimethylpyridine =0.50 NA NA 0.50

Sample ID: S16T021126
Lab ID: 1620246006

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
2.4-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: $16T021127
Lab ID: 1620246007

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result

Analyte (ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)

Pyridine <0.50 NA NA 0.50

2 4-Dimethylpyridine <0.50 NA NA 0.50

JW Tz
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620246

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 Rel8
Project Manager: Rand Potter

Sample |D: $16T021128 Collected: 07/15/2016
Lab ID: 1620246008 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016
100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
24-Dimethylpyridine <0.50 NA NA 0.50
Sample ID: S16T021129 Collected: 07/15/2016
Lab ID: 1620246009 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016
100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (ug/sample) Result {mg/m?) Result (ppm)  RL (ug/sample)
Pyridine =0.50 MNA NA 0.50
2,4-Dimethylpyridine <0.50 NA NA 0.50
Sample ID: S16T021130 Collected: 07/15/2016
Lab ID: 1620246010 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016
100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
2.4-Dimethylpyridine <0.50 NA NA 0.50
Sample ID: S16T021131 Collected: 07/15/2016
Lab ID: 1620246011 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/26/2016
100/50mg
Sampling Parameter: Q.I“r\"olume Not Provided
Result
Analyte (ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Pyridine 1.0 NA MA 0.50
2 4-Dimethylpyridine 1.3 NA NA 0.50
JW TZ
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021132
Lab ID: 1620246012

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 0772012016

Method: NIOSH 1613 Med.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
2,4-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: $16T021133
Lab 1D: 1620246013

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/15/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte (ug/sample) Result {mg/m?) Result (ppm)  RL (ug/sample)
Pyridine =0.50 MNA NA 0.50
2 4-Dimethylpyridine =0.50 NA NA 0.50

Sample ID: S16T021134
Lab ID: 1620246014

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine 0.73 NA NA 0.50
2.4-Dimethylpyridine 1.1 NA NA 0.50

Sample ID: S16T021135
Lab ID: 1620246015

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod,

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
24-Dimethylpyridine <0.50 NA NA 0.50
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021136
Lab ID: 1620246016

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 077202016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2018

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result {mg/m®) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
24-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: $16T021137
Lab 1D: 1620246017

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result {(mg/m?) Result (ppm)  RL (ug/sample)
Pyridine <0.50 MNA NA 0.50
2 4-Dimethylpyridine =0.50 NA NA 0.50

Sample ID: S16T021138
Lab ID: 1620246018

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
2.4-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: S16T021139
Lab ID: 1620246019

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod,

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: &rVdume Not Provided
Result

Analyte (ug/sample) Resuit (mg/m?) Result (ppm)  RL (ug/sample)

Pyridine <0.50 NA NA 0.50

2,4-Dimethylpyridine <0.50 NA NA 050

620738~ Pae S Of 17
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder:
Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Rel9
Project Manager: Rand Potter

Sample ID: S16T021140
Lab ID: 1620246020

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 077202016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2018

100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result (mg/m?) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
24-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: $16T021142
Lab 1D: 1620246021

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result {ma/m?) Result (ppm)  RL (ug/sample)
Pyridine =0.50 MNA NA 0.50
2 4-Dimethylpyridine =0.50 MNA A 0.50

Sample ID: S16T021143
Lab ID: 1620246022

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
2.4-Dimethylpyridine <0.50 NA NA 0.50

Sample ID: S16T021144
Lab ID: 1620246023

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/16/2016
Received: 07/20/2016

Method: NIOSH 1613 Mod,

Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016

100/50mg
Sampling Parameter: Air Volume Not Provided
Result

Analyte (ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)

Pyridine <0.50 NA NA 0.50

2 4-Dimethylpyridine <0.50 NA NA 0.50
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620246

Client Project ID: CARTRIDGE EVALUATION

Purchase Order: 55502 RelS
Project Manager: Rand Potter

Sample ID: $16T021145 Collected: 07/16/2016
Lab ID: 1620246024 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016
100/50mg
Sampling Parameter: Air Volume Not Provided
Resuit
Analyte {ug/sample) Result {mg/m?) Result (ppm)  RL (ug/sample)
Pyridine 0.69 NA NA 0.50
24-Dimethylpyridine 1.1 NA NA 0.50
Sample ID: S16T021146 Collected: 07/16/2016
Lab ID: 1620246025 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016
100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte (ug/sample) Result {mg/m?) Result (ppm)  RL (ug/sample)
Pyridine =0.50 MNA NA 0.50
2,4-Dimethylpyridine <0.50 NA NA 0.50
Sample ID: $16T021147 Collected: 07/16/2016
Lab ID: 1620246026 Sampling Location: CARTRIDGE EVALUATION Received: 07/20/2016
Method: NIOSH 1613 Mod. Media: SKC 226-01, Charcoal Tube Analyzed: 07/27/2016
100/50mg
Sampling Parameter: Air Volume Not Provided
Result
Analyte {ug/sample) Result (mg/m”) Result (ppm)  RL (ug/sample)
Pyridine <0.50 NA NA 0.50
2.4-Dimethylpyridine <0.50 NA NA 0.50
Comments

| Quality Control: NIOSH 1613 Mod. - (HEBN: 173466)

The referenced method has not been validated for 24-dimethyl pyridine. Additionally, studies regarding media collection
efficiency, sample storage stability, analyte retention capability, and/or analyte desorption efficiency have not been performed.,

Report Authorization (/Sfis an electronic signature that complies with 21 CFR Part 11)

Method

Analyst Peer Review

NIOSH 1613 Mod.

1S/ Emilie Pratt
07/27/2016 11:26

/S! Thomas J. Masoian
07/28/2016 14:31

Laboratory Contact Information

ALS Environmental
860 W Levoy Drive
Salt Lake City, Utah 84123

Phone: (801) 266-7700
Email: alsit.lab@ALSGlobal.com
Web: www.alsslc.com
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ANALYTICAL REPORT

Workorder: | 34-1620246

Client Project ID: CARTRIDGE EVALUATION
Purchase Order; 55502 Rel9
Project Manager: Rand Potter

General Lab Comments
The results provided in this report relate only to the items tested.
Samples were received in acceptable condition unless otherwise noted.
Samples have not been blank corrected unless otherwise noted.
This test report shall not be reproduced, except in full, without written approval of ALS.

ALS provides professional analytical services for all samples submitted. ALS is not in a position to interpret the data and
assumes no responsibility for the quality of the samples submitted.

All quality control samples processed with the samples in this report yielded acceptable results unless otherwise noted.

ALS is accredited for specific fields oftesting (scopes) in the following testing sectors. The quality system implemented at ALS
conforms to accreditation requirements and is applied to all analytical testing performed by ALS. The following table lists testing
sector, accreditation body, accreditation number and website. Please contact these accrediting bodies or your ALS project
manager for the current scope of accreditation that applies to your analytical testing.

Testing Sector Accreditation Body Certificate Website
{Standard) Number
Ervironmental ACLASS (DoD ELAF) ADE-1420 hitp:fwww aclasscorp.com
Utah (NELAC) DATAL hitp:health. utah govilabiabimp/
Nevada uToo00e http:/indep nv gov/bsdwiabservice htm
Oklahoma UT00008 hitp ffwww deq.state ok usiCSDnew/
lowa A% 376 hitp:fwww iowadnr gov/insideDNR/RegulatoryWater aspx
Florida (TNI) E&871067 hitp:fwww dep. state i usiabs/barsfsas/qal
Texas (TMI) T104704456-11-1 hitp ffwww toeq texas govifield/gaflab_accred_cartif html
Industnal Hygiene AlHALAP, LLC (IS0 17025 and 101574 hitp fwww aihaaccreditediabs org

AIHA-LAP, LLC IHLAP/ELLAP)

Lead Testing:

CPSC ACLASS (IS0 17025, CPSC) ADE-1420 http:ffwww aclasscorp.com
Soil, Dust, Paint ,Air AIHA-LAP, LLC (150 17025, 101574 http:/fiwww aihaaccraditediabs org
AlHALAP, LLC ELLAP and
NLLAF)
Distary Supplements ACLASS (IS0 17025) ADE-1420 http:ffwww aciasscorp.com
Definitions

LOD = Limit of Detection = MDL = Method Detection Limit, A statistical estimate of method/mediafinstrument sensitivity.
LOQ = Limit of Quantitation = RL = Reporting Limit, A verified value of method/mediafinstrument sensitivity.

ND = Not Detected, Testing result not detected above the LOD or LOQ,

NA = Not Applicable.

** No result could be reported, see sample comments for details.

< This testing result is less than the numerical value.

() This testing result is between the LOD and LOQ and has higher analytical uncertainty than values at or above the LOQ.

ALS Envrionmental certifies this analytical report is in compliance with the Hanford SOW, both
technically and for completeness. Release of the data contained in this report has been electronically
authorized by the following laboratory representative:

Rand Potter. Project Manager. ALS Environmental

JWUT Iz
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ALS
Analysis Information

Quality Control Sample

Batch Report

Workorder: 1620246

Limits: HistoncalPerformance
Basis: ALS Laboratory Group

Preparation: NA
Batch: NA

Prepared By: NA

Analysis: NIOSH 1613 Mod.
Batch: ISVO/2072 (HBN: 173466)

Analyzed By: Emilie Pratt

LMB: 509724
Analyzed: 07/26/2016 19:36
Units: ug/sample
| Analyte Result|  WMDL RL
Pyridine ND MNA 0.200
2 4-Dimethyipyridine ND NA 0200
LMB: 508732
Analyzed: 07/27/2016 05:01
Units: ug/sample
Analyte Result]  MOL RL
Pyridine ND NA 0200
2 4-Dimethypyriding ND NA 0200

LCS: 509730 LCSD: 509731
Analyzed: 07/26/2016 19:56 Analyzed: 07/26/2016 20:15
Dilution: 1 Dilution: 1
Units: ug/ ' Units: ug/sample
Analyte Resu]  Targe] %Rec] aCLimits |  Resut] %Rec| RPO] aclLimits
Pyndine 1.26 2.00' 629 618 1411 141 708 11.9 oo] 221
2 A-Dimethypyriding 111 I.Sal 56.3] S1.7| 1308 118 593 5.33] oo 222
LCS: 509733 LCSD: 503734
Analyzed: D7/27/2016 05:21 Analyzed: 07/27/2016 0540
Dilution: 1 Dilution: 1
Units: ug ! Units: uafsample
Analyte Result|  Target| %Rec| ac Limits Result| %Rec| RrPD[ acLimits
Pyndine 1.86 200 931 18] 1411 1.34 672w 32.3' 00] 221
2 A-Dimethyipyridine 1.31 1.98| 663 517] 1306 1.09 55.0 18.6[ 00| 222

The refersnced method has not been validated for 2 4-dimethyl pyndine. Additionally, studies regarding media collection efficiency, sample
storage stability, analvte retention capability, andfor analvte desorption efficiency have not been performed.

Analyst Peer Review
15/ Emilie Pratt 18/ Thomas .. Masoian
07r27/2016 11:26 07/28/2016 1431

% - Analyte above reparting fmit or outside of contral limits
A - Sample resull is greater than 4 times the spike added
@ - Sample and Matnx Duplicate less than 5 times the reporting limit

@ - Result 1s above the calibration rangs

Page 1of 1

Thursday, July 28, 2018
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RPD - Relative % Difference (Spike / Spike Duplicate)

MD - Not Detacted (U - Qualifier also flags analvte as not detected )
MA - Not Applicable
2C results are not adjusted for moisture correction, where applicable

QCs V4.1
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C.3.11 Nitrosamines

W607059, Page 1 of 17

F“?\“\ R] LeeGroup, Inc. | Columbia Basin Analytical Laboratories
PT( } R] LEE GROU P 2710 Morth 20th Avenue, Pasco WA 99301
e

Tel: (309) 545-4959 | Fax: (509) 544-6010

Carl Howald IV 08/18/16
Washington River Protection Solutions, LLC Conltract No.: 55503 R5
P.O. Box 850 MSIN Hé6-16

Richland, W A 99352

Project: Cartridge Evaluation

Subject: Nitrosamines Analysis Report, Group Number 20162097

Enclosed is the final report for group 20162097 number analyzed for Nitrosamines using NIOSH 2522-Modified. This
group number 20162097 has been assigned a Columbia Basin Analylical Laboratories login order number of W&07059.
This report consists of a summary report of the samples, a laboratory report of each nitrosamine, a single quality
control report for the analysis batch, and a copy of the chain of custody.

General Set Comments

Columbia Basin Analylical Laboratories received 26 samples on 07/19/16 o be lesled for Nitrosamines, The samples
were analyzed in accordance with NIOSH 2522-Modified for N-Nitrosodimethylamine, N-Nitrosomethylethylamine,
N-Nitrosodiethylamine, N-Nitrosodi-n-propylamine, N-Nitrosodi-n-butylamine, N-Nitrosopiperidine,
N-Nitrosopyrrolidine,and N-Nitrosomorpholine. All resulls have been corrected for desorplion efficiency and
measurable levels in the blanks.

Conformational analysis was performed qualitatively due to excessive interference in all samples.

Positive Results

There were detectable nitrosamines concenlrations above the reporting limit in the samples.

16-05982-11-A1 We07059-01 N-Nitrosodiethylamine 0.024 pg/tube
16-05982-11-A1 We07059-01 N-Nitrosodimethylamine 0.264 ug/tube
16-05982-11-A1 Wa07059-01 N-Nitrosodi-n-propylamine 0.155 pg/ tube
16-05982-11-A1 We07059-01 N-Nitrosomelhylethylamine 0.309 ug/tube
16-05982-11-A1 W607059-01 N-Nitrosomorpholine 0.113 g/ tube
16-05982-11-A1 W607059-01 N-Nilrosopiperidine 0.212 g/ tube
16-(05982-11-A1 Wa07059-01 N-Nitrosopyrrolidine 0,179 ng/tube
16-05982-11-H1 W607059-11 N-Nitrosodimethylamine 0.060 pg/lube
16-05982-11-H1 W607059-11 N-Nitrosodi-n-propylamine 0.024 pg/ tube
16-05982-11-H1 Wa07059-11 N-Nitrosometlylethylamine 0.025 pg/tube C
16-05983-11-A1 Wea07059-14 N-Nitrosodiethylamine 0.033 pg/ tube
16-05983-11-A1 W607059-14 N-Nitrosodimethylamine 0.126 g/ tube
16-05983-11-A1 W607159-14 N-Nitrosodi-n-butylamine 0.166 pg/tube
16-05983-11-A1 W607059-14 N-Nitrosodi-n-propylamine 0.115 pg/tube
16-05982-11-A1 We07059-14 N-Nitrosomethylethylamine 0.249 pg/tube
16-05983-11-A1 We07059-14 MN-Nitrosomorpholine 0.057 pg/tube
16-05983-11-A1 W607059-14 N-Nitrosopiperidine 0.110 pg/ tube

Columbia Basin Analylical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 508.545.49589

WWW.RJLEEGROUP.COM
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16-05983-11-A1 We07059-14 N-Nitrosopyrrolidine 0.116 pg/tube
16-05983-11-H1 Wa07059-24 N-Nitrosodimethylamine 0.192 pg/tube
16-05983-11-H1 Wa07059-24 N-Nitrosodi-n-butylamine 0.023 pg/tube Lo
16-05983-11-H1 W607059-24 N-Nitrosodi-n-propylamine 0.038 pg/tube
16-05983-11-H1 W607059-24 N-Nitrosomethylethylamine 0.043 ng/tube
16-05983-11-H1 W607059-24 N-Nitrosomorpholine 0.040 ng/tube
16-05983-11-H1 W607059-24 N-Nitrosopiperidine 0.034 ng/tube
16-05983-11-H1 W607059-24 N-Nitrosopyrrolidine 0.048 pg/tube
16-05983-11-IN-BASE  W607059-26 N-Nitrosodimethylamine 0.040 pg/tube
16-05983-11-IN-BASE ~ W607059-26 N-Nitrosodi-n-butylamine 0.052 ng/tube
16-05983-11-IN-BASE ' W607059-26 N-Nitrosopiperidine 0.024 pg/tube

Recovery Failures in the ICV, CCV's, LCS, RL and MRL

There were no recovery failures in the: ICV, CCV, LCS, LCSD, There were recovery failures in the MRL.

RSD Failures in the LCS and LCSD's

There were no RSD failures between the laboratory control samples.

Measurable Blank Values

There were no measurable analytes in the blank samples.

Calibration Curves

The calibration curves for the Nitrosamines had an R-value that was 0.997 or better, over a range of 5.0 ng/mL to 200

ng/mL.
General Lab Comments

The results provided in this report relate only to the items tested. Samples were received in acceptable
conditions unless otherwise noted in the comments above. Samples have not been field blank corrected
unless otherwise noted in the general set comments above. This test report shall not be reproduced,

except in full, without written approval of Columbia Basin Analytical Laboratories,
[ certify that this analytical report is in compliance with the Hanford SOW, both technically and for

completeness. Release of the data contained in this hard copy report has been authorized by the
Laboratory Director or a designee as verified by the following signature.

e 7\
!l'(#& \\%\‘r’\\\') }‘%\ 08/16/16

Scientist I DeNomy Dage

This report has been reviewed and approved by the following individual:

 ,
\%\%& 08/18/16

T

Scientist 1 Fernanda Pincheira

If you have any questions, please feel free to contact DeNomy Dage at ddage@rjlg.com or at
509-545-4989.
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Carl Howald IV Laboratory Report R] Lee Group No:  WE07059

Washington River Protection NIOSH 2522 Samples Received:  07/19/16

Solutians, LLC Air/Emissions on GC/TEA Analyzer Report Date:  08/18/16
Summary Table COCNo: 20162007

F.O. Bax 850 MSIN H5:16 Extraction Date:  7/27/2016

Richland, WA 99352

Client Project:

Cartridge Evaluation

16-05582-11-A1 | SISTO21352 | WEOF059-01  07/15/06 07727716 N-Nitrosodimethylamine 0.264 0023

WA 0729716 N-Nitrosodimethylamine <0020 0.020
07/15/16  07/29/16 N-Nitrosomethylethylamine <0020 0020
07715/ 07/27/16 N-Nitrosomethylethylamine D309 0023
07/15/16  07/27/16  N-NitrosodicthyLumine 0.024 00z
071506 O7/29/16  N-Nitrosodiethylamine <(0.000 0020
07715716 OF/27/16  NeNitrosodi-n-propy lamine 0155 0021

07/15/16  0F/29/16  N-Nitresodi-n-propy lamine <0me 009

160582-11-A2 | S16TO2I333 | WelF05902  07/15/16  O7/27/16 N—Ni:usodyhmlm <0023 002

07/15/16  07/27/16 N-Nitrasomethylethylamine <0023 w23
O7A15/06 07727716 N-Nitresodiethylamine <002 0022
0715706 OF/27/16  N-Nitrosodi-n-propylamine <0021 0021
0705716 OF/27/16  N-Nitresodi-n-butylamine <0022 [Lir]
07/15/16  07/27/16 N-Nitrasopiperidine <002 002
07/15/8 07727716 N-Nitresopyrroliding <0022 022
07/15/06  07/27/16 N-Nitrasomorpholine =002 oz

Report (ualiffers: = Amatytr detocind in fhe associated blank

A = Target Analyhe media brashihromgh sasp liival e o Dot st exconds e RSD erfireia st by he SOP

1P Anslyts anafyzed in o dilfion H = Holding tres for paeparabion of analysés exeedad

£ = Report donermivation was abotw the dedeurmeitt oiibrdion rnge L Sample comelition at rooeipd on! of complinnce with method deffoed conditions

J= Analite ditevted bedoes quantiiation Hunils, doncenlration i etimated Q= Result aut of mcthod specific sccqphinee QU eriteris

P Library soxtrmm malch, rif 58905 w BT mately 5 = Spile Revovery awbside accepted recocery limits

K= RPD (evlative percent diffirence) omtbside acoepded rocvovry limits Z = Not ELAP accrafiled enalyte

1= Anelyte amalyzed for bul vk detevted NID = Mot Dttt

YA = Not Agplicable €« Confirmetion anslyeis wnaruilable

Columbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4969
WWW.RILEEGROUP.COM
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16-03982-11-BLANK | S16T021335 | WOORDS-04  07/15/16  07/27/16  N-Nitrmsedimethylamine 0023
07/15/16  O7/27/16  N-Nitrosomethylethylamine <0023 0023
0/15/16  O7/27/16 N-Nitrosodiethylamine <0022 0022
07/15/16  O7/27/16 N-Nitrosodian-propylamine <0021 0021
07/15/16  O7/27/16  N-Nitrosodin-butylamine <0z 002
071516 07/27/16 N-Nitrosopiperidine <0022 0022
07/15/16  O7/27/16 NeNitrosopyreolidine <no2 002

OF/15/16  O7/27/16  N-Nitresomorpholine <02 0022

NeNitrosodimethylamine ) LLEe}

164059521101 | S16TO21337 | WeF059-06  07/15/16 '0?!!6

OFA15/16  O7/27/16  N-Nitresomethylethy Limine <0023 0023
07516 07/27/16 N -Nitrosodiethylamine <0022 (1243
7540 07/27/16  N-Nitrssodi-n-propy lamine <0021 0021
0715016 O7/27/16  N-Nitrosodi-n-butylamine <022 0022
07/15/16  OF/27/16  N-Nitrosopiperidine <0022 (1173}
W56 0727716 N-Nitrosopyrrolidine <0022 0022
0705016 O7/27/16  N-Nitresomorpholine <0022 0402

Report Cuaatifiers: B = Analyle detectad i bhe ascociatad Nark

A = Target Anatyte pintia dackthromgh sy ligtical report ol m Ehata it cxoonds fie RSEP criteria set by thae S0P

1= Analyte anafymad fna dilltion H = Helding time f Ny epivreclod

E = Repoit Doy fhe Nibralion range L Seanple-coviditors b beceipl oirt of comijiliimice soith mictod deffred condrifons

= Analite detectod b i, tion i estimated @ n Result out of methad spocific scceptamee QO riteria

P Librsry spockrme math, s >80 i BT match § = Spir Revevery outshée socopted revooery fimits

R w RPD (rolative percont differonced oulside sccepled necoovry limits 2w Nod ELAP accrodiiad amalybe

L = Analyte analyzed for bul not debectat NI = Not Diteried

NJA = Not Applicable = Confirmation amalysés imaneilable

Columbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4989
WWW RILEEGROUP.COM
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1605582-11-EFF-BASE | S16T021339 | WEOP059-08  O7/15/16  O7/27/16  N-Nitrosodimethylamine 00

07/15/16  O7/27/16  N-Nitrosomethylethylamine <0023 0023
0/15/16  O7/27/16 N-Nitrosodiethylamine <0022 0022
07/15/16  07/27/16 N-Nitrosodi--propylamine <0021 0021
07/15/16  O7/27/16  N-Nitrosodin-butylamine <0z 002
0715416 07/27/16 N-Nitrosopiperidine <02 0022
07/15/16  O7/27/16 NeNitrosopyrrolidine <02 002

OF/15/16  OF/27/16  N-Nitresomorpholine <02 0022

NeNitrosodimethylamine ) LLEie}

16405952111 | S16T021341 | WeF059-10 07/15/16 'Wf!ﬁ

OFA15/16  O7/27/16  N-Nitresomethylethy Limine <0.02% 0023
O7/15/16  0F/27/16  N-Nitrosodiethylamine <02 [(172]
75/ 07/27/16  N-Nitrssodi-n-propy lamine <0 oo
071516 O7/27/16  N-Nitrosodi-n-butylamine <0022 0022
07/15/16  OF/27/16  N-Nitrosopiperidine <0022 02
W56 0727716 N-Nitrosopyrrolidine <0022 0022
07/15/16  0F/27/16  N-Nitrosomorpholine <0022 002

Report Quatifiers: B = Awalyle detocted i the associated blank

A = Target Anilyhe modia bratbibrogh susp liticat report ol w Data Hat exeveets B BSD arideria st by the SOP

9= Amalyte analyssed in e clifubion. H = Holding times for prepenehion or analyss exvonfal

E = Rt aouicrmdiation s abod b disstiumeit calbnation rarge L= Sarmple comdition st peevipt out of eomilence with mathad deffiad condibions

1= Analyte detected delose Hits, iratiort & ebimatid €= Resul out of method specific acophonce G erileria

P Library spoctrim manch, raf 280% w RT match 5 = Spike Revooery putside scoepted revooery limits

Row RID {aelative percent difference) oubside aceepted rococery limits % m Mot ELAP aecraftiod sualyte

= Analyteamatyzed for birt nod defectat ND = Not Debectod

NI = Not Appliceble © m Comfirmntiors amalysis waaruitabl

Celumbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4969
WWW.RILEEGROUP.COM
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1605582-11-H2 | SI6T021343 | WEOT059-12  07/15/16

07/15/16
0715016
07715/ 16
07/15/16
0715416
07115416
07715/ 16

We07059, Page 6 of 17

O7/27/16  N-Nitrosodimethylamine 0023
072716 N-Nitrosomethylethylamine <008 05
0727716 N -Nitrosodicthy Lumiae <0o2z 002z
0/27/16  N-Nitrosodivn-propylamine <001 o
O7/27/16  N-Nitrosodi-n-butylaming <0022 0022
O7/27/16  N-Mitrosopiperidine <022 [ 1ie2]
07/27/16  N-Nitrosopyreolidine <0022 002

OF/27/16 N-Nitrosomorphaoline <0022 0022

164055553-11-A1 ISIETGZIJB | WHDT059-14  07/16/ 16 'Wﬂﬁ NeNitrasodimethylamine ) 0020
OF/46/ 16 O7/27/16  N-Nitresodimethylamine [F3 008
0706416 07/29/16 N-Nitresomethylethylamine <0020 0020
0706/ 07/27/16  N-Nitrsomethy kethylamine 024 00
0716416 O7/29/16  N-Nitrosodiethylimine <0020 0020
0716416 OF/27/16  N-Nitrosodicthylamine 0,033 [1Ti7]
/16716 OF/29/16  N-Nitrosodi-n-propylamine <0019 0019
O7/16/16 0727716 N-Nitresodi-n-propylamine 0115 002

Report Quualificrs: B= Anafyle detoctad in the gssociabad Marck

A= Tienget Anmatyle modis droskthrough sespoet, soc amadytical roport = Pata that sxeewds e RS eriteria st by e SOP

I Analyte amalyzad i a dilition 1w Halding fimes for propendion or analyss cxvoedod

E = Beprart ooncentration ews abooy e fmsdranont calibnedion range
T = Analyde defsbod i quaantifation Femits, comermivation is ectimated
1= Lilwery spovtiem match, sd >50% w KT match

R=RPD perect differcmce’ outside svcepied .
U = Analyte analyzal for but mot deteeteed
NI = Not Applicatie

L = Saumple condition af eeveipt out of complioner soith method defined condftions
Q= Result ot of methad spwilic acceptance QC crileria

5 = Spite & 3
£ = Net LLAP ascraditad umslyte

ND = Not Ditactid

€ = Canfirmation analysis unserllahle

Celumbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4969
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16-03983-11-A2 | SIETO2 3G | WHORDS-15  07/16/16  07/27/16  N-Nitmsedimethylamine 0023
07/16/16  O7/27/16  N-Nitrosomethylethylamine <0023 0023
07/16/16  O7/27/16 N-Nitrosodiethylamine <0022 0022
07/16/16  O07/27/16 N-Nitrosodian-propylamine <0021 0021
07/16/16  O7/27/16  N-Nitrosodin-butylamine <0 002
0716416 07/27/16 N-Nitrosopiperidine <02 002
07/16/16  O7/27/16 NoNitrosopyrrolidine <ho2 002

071671 OF/27/16  N-Nitresomorpholine <002 2

NeNitrosodimethylamine ) [LEe}

IMBBS-HK | S16T021348 | WeOF059-17  07/16/16 'Wflﬁ

OFA16/16  O7/27/16  N-Nitresomethylethy Limine <0.023% 0023
07716016 07727716 N-NitrosodiethyLamine <0022 (1123
71641 O7/27/16  N-Nitresodi-n-propy lamine <00 oo
0706406 727716 N-Nitrosodi-n-butylamine <0022 0022
07716416 OF/27/16  N-Nitrosopiperidine <0022 0022
/46416 OF/27/16 N-Nitrosopyrrolidine <002 0022
07/16/k6  O7/27/16  N-Nitresomorpholine <02 002

Report Qualifiers: B Anafyte detvrtal i the wssociatal Mank

A= Target Analyle medls gh sa lybical repert A= Duta that eveonds the RS eriteria st by the SOP

= Aralyte anafycat i a diliction Ha ¥ lysis exceeded

E = Report oyt sl Iibratron range = Saaple condition af reveipd out of complismn airh mothod doftmed condrtions.

1= Analyte debevted bel Ml ST A e Q= Restalt aut of methad spweific aeceptanee QU extleris

F = Libwstry spevtro miatech, pad 59005 w BT mateh § = Syeke Reconery outéade décephed revocery limits

K= RPE (relative peroent differimce’ ouside axeeptad nevoovry fiits 7 m Nek ELAP aecroditod amalyte

U= Amlyte anafyzed for but mod defochod N = Not Dytected

NfA = Not Applicible = Comfirmation analysis unareilable

Columbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.345.4989
WWW.RILEEGROUP.COM
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16058-11-D1 | S16T021350

164059631 1-EFF-BASE | S16T021552

| W607059-19

| We07059-21

07/16/16
07/16/16
07716/16
07716/ 1
07/16/16
07/16/16
07/16/16
07 /16/16

07716/ 16
07/16/16
07/16/ 16
0716416
07 /16/16
07/16/16
07716/ 1h
07/16/16

W607059, Page 8 of 17

07/29/16  N-Nitrosodimethylamine

07/29/16  N-Nitrosomethylethylamine 00
07/29/16  N-Nitrosodiethylamine 002
07/29/16  N-Nitresodin-propylasmine <002
07/20/16  N-Nitrosodin-butylanine <nom
07/29/16  N-Nitrosopiperidine <002z
07/20/16  NeNitrosopyrralidine <0022
07/29/16 NeNitresomorpholine

N-Nl:rumdyltnﬁt

0T/ 29716

07/29/16  N-Nitromethylethylamine <0023
07/29/16  N-Nitrosodiethylamine a2
O7/2/16  N-Nitrosodi-n-propylamine <022
O7/29/16  N-Nitrosodi-n-butylamine <021
07/29/16  N-Nilrosopiperidine <0z
07/29/16 N-Nitrasopyreoliding a2
07/29/16 N-Nitrasomarpheline a0

Raport Cpuilificrs:

A Target Analyle mritis brealtlrough suspect, soe amelybical report
D= Analute anatyzat in s dition

F = Repord condrniration s aboey: e imsidramend calibration range
1= Amalyte detevted befow quastifation fmits, coniemiration i estimatnd
P Libmery speckeioa match, rsd »567% w RT mafch

R = RPD irclative perient differonie) outside acoqried necooery ltmits
U= Arlyte analyzal for but ret debectad

NI = ot Applicabie

B = Anafyte detoctad I the associafod Bairk:

d = Dt that exconds ie RSD eritevia cot by e SOP

H = Ieddimg Hims foe prepuencdton ar analysds exodedod

L = Sample comaition at receipd out of flarmce eedth et deffrnd condilie

Q0w Besnlt ourt of mebvad spocific acorptamee QU eriteona
Sotplek 1L I

= Not LLAP accredited ansiyte )
NI = Not Ditectod
= Confirmmation aralysfs unaeileble

Celumbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4969

WWW.RILEEGROUP.COM
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0581161 | SI6T021354

| WEOT059-23  07/16/16

07/16/16
07/16/16
07716/ 10
07/16/16
07/16/16
07/16/16
07 /16/16

W607059, Page 9 of 17

07/29/16  N-Nitrosodimethylamine

07/29/16  N-Nitrosomethylethylamine <005
07/29/16  N-Nitrosodiethylamine 002
07/29/16  NeNitresodin-propylamine <002
07/20/16  N-Nitrosodin-butylanine <nom
07/29/16  N-Nitrosopiperidine <002z
07/20/16  NeNitresopyrralidine <002
07/29/16  NeNitrosomorpholine 02

16:0596311-H2 | S16T021356 | Wo0T0925  O7/16/16  07/29/16  N-Nitrosodimethylamine

P06/ 7/29/16 N-Nitresomethyethy lamine <0023 0023
0706406 07729716 N-Nitresodiethylamine <0022 [Ti7]
07706/ O7/29/16  N-Nitrosodi-n-propy lamine <0022 00
0706406 O7/29/16  N-Nitrosodi-n-butylamine <0021 0021
07/16/06  OF/29/16  N-Nitrssopiperidine <0022 [LEir]
W/ 07729716 N-Nitrosopyrrolidine <0022 0022
07/16/16  07/29/16  N-Nitresomorpholine <0022 0022

Report Qualificrs: B = Anafyte detevtad div thve ascociabad Bark

A s Target Analyle mritis breslhrough suspect, see amalybical report d = Dt that exconds the RSD eritevia st by the SOP

D= Aalute anatyzat i diition Ww edding Fimes for preuencii sk eacided

F u Report sous abogy fhe i ilation rangy L = Sample comaition af peveipt out of compliance with metfvod deffrnd condili

1 Amalyte dofoy tod below quatifabion frits, conermiration is cslimatrd 0w Besnlt curt of mebfvad spovific acorptamee QU eritena

P = Libwery specheia match, rsod >50% w BT mafch § = Spike R i ptod el

R = RPD irclative pereent differorce) outside acoqrind necovery limits 2= Not ELAP sccredited anslyte

U= Arselyte analysad for but et debctod NI m Not Ditectod

NIA = Mot Applicable = Confirmmation anslysis imenellebl
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Rport Quealifiers: 1= Ausalite detectnd fu the mssacketed bask
A m Target Anahyte wadia brestburougi s, soc anafylical repest = Dt that excends the RSD criferia sef by liee SOP
1w Anatyhe analized fua dilinbion H = Holdiing Hirses for prepuration or analysés exoendal
£ iy p—— tisvaticn ronge L Sep Freveipt aut ik miethod definod comditiars
1= Amalyte detectod heloco quarhifation [Fmits, comeentration i astimried Q= Reuelt uw{www QC eriterta
m L by spechoum mabel, v >0 w KT malch S = Spikr Hintits
R = RPD (relabtoe peroent differerie) outside acorpled revovery limits z-mmmmf
= Avadyte aualyzad for but nof detected N = Not Delorind
NIA = Nt Applicable € = Comfivmeation amahysis unaomilable
Scientist 1l DeNomy Dage
Thse sesults are submitted prerssatet to Rf Loe Group”s ewrrent tormes mf conditions of sale, imcluding the compny s ity e dimeitistion of Nl Mo
ar bty & d for hmmewawmuwmmuumwmmuuw el
will store He samples for o period of ity (90 daies before discardingg. A sipping arnd haufting foe ol b o the et of vy sampiec. Unies ot o, e
sene el fram aptale cnditon This aboatoy Qavatesin ccondonc it 150 7025 guideline, d et Fnked cops of et under ORELAP Leb Goe 4061

AIHA-LAP, LLC L ID 178656 EPA MY WADLI9S s WA DOE Leb 1D CE59. Thit rigwoet may mod be used 1o claine prodinct id by g i
WWWNMWMWWWMMMustWw&mmmgﬂbmrmkhﬂﬂmmn
e pwlid. Quudity combd dita #s amatlalle inpont request.

Columbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.345.4989
WWW.RILEEGROUP.COM

C.332



W607059, Page 11 of 17

()R] Lee Group
Carl Howald IV Quality Control 1] Lee Coagnep dieis. WeRI0R0
Washington River Protection NIOSH 2522 " Report Dv:; g: ::ﬁ::
Solutions, LLC COC No. 20162087
P.O. Box 850 MSIN Hé-16 Extracti ]}a.he- 7/27/2M6
Richland, WA 99352 o b
Client Project:

Cartridge Evaluation

N-Nitrosodiethylamine 07/27/16

N-Nitrosodiethylamine 07/28/16

721

07/28/16

20,

N-Nitrosedi-n-butylamine 07/27/16

N-Nitrosodi-n-butylamine 07/28/16
MN-Nitrosodi-n-propy lamine

N-Nitrosomethylethylamine 07/27/16

N-Nitrosomethylethvlamine 07/28/16

N-Nitrosopiperidine 07/27/16

N-Nitrosopiperidine W00-754 1LCS-1 07/28/16 0199 994 0774

N-Nitrosopyrrolidine 07/28/16

0357

N-Nitrosodiethylamine 07/27/16

N-Nitrosodiethylamine

07/28/16

07/28/16

N-Nitrosodi-n-butylamine 07/27/16

N-Nitrosadi-n-butylamine

N-Nitrosodi-n-propylamine 621-64-7 LCS-2 07/28/16 0200 0186 093 0201 320

Celumbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4989
WWW.RILEEGROUP.COM
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N-Nitrosomethylethylamine 10595-95-6  |LCS-2 07/27/16 0200 0180 089 0.203 o L13
N-Nitrosomethylethylamine 10595-95-6 L.CS-2 07/28/16 0200 0208 101 0205 102 226

07/28/16

07/28/16

07/28/16

07/27/16

07/28/16

07/27/16
07/28/16 .
,-"n
07/27/16
07/28/16
07/28/16
07/27/16

N-Nitrosopiperidine 100-754 1CS3 07/28/16 0200 0206 103 0200 997 0774

930-35-2 LCS3 07/28/16

N-Nitrosodiethylamine

N-Nitrosodiethylamine

07/28/16

b

62-75-9 MB

M-Nitrosodimethylamine 07/28/16 0.00 0.85

Celumbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.5345.4989
WWW.RILEEGROUP.COM
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N-Nitrosodi-n-butylamine 924-16-3 MB 07/27/16 0.00 09 0.00

N-Nitrosodi-n-butylamine 924-16-3 MB 07/28/16 0.00 101 0.00

-Nih'usodi-n-pmpylamine

621-64-7 MB 07/28/16 000 093 0.00

N-Nitrosomethylethylamine . l]?,f 16

N-Nitrosomethylethylamine 07/28/16

07/ f 16
07 5

07/27/16

07/28/16
N-Nitrosopyrrolidine
N-Nitrosodiethylamine 07/27/16

N-Nitrosodiethylamine 07/28/16

N-Nitrosodimethylamine 62-759 MRL 07/28/16 0020 0021 085 0.025 123

N-Nitrosodi-n-butylamine 924-16-3 MRL 07/27/16 0.020 0.022 091 0,024 120

N-Nitrosodi-n-butylamine 924-16-3 MEL 07/28/16 0020 0025 101 0.025 123

07 /28/16

N-Nmosomeylelilylamme 07/27/16

N-Nitrosomethylethylamine 07/28/16

07/28/16

N-Nitrosopiperidine

Nihosopyrrolidine 930-35-2 MRL 07/28/16 0020 0021 090 0.023 16

Columbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.345.4989
WWW.RILEEGROUP.COM
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N-Nirosopyrroidine I MRL o/ 0

Repert Qualifiers

A = Target Anelybe meddia broakihrovegh saispeet, sor aalyfical eport § = Analyte detretad in the associsied Bk

1 = Anslyte anatyzed in @ diltion = Pt that exervds the RSD criterii sef by fhe SO

E = Rieport concemivation was abow the insdrumend colilnadion ramge H = Moliting Finses for propavation er melysts cvnonded

1o Analtte detevtnd bedows quantitations s, iration: s bimsated 1= Sample condibton ab reveipt out of complianve =4t method defined comditions
P = Library spevtrum madch, raf >90% w KT match Q= Restrlt et of methed spevific acecplance QU eriterie

R = RPD ieelative peovent difference) outside aoiplnd rocooery Rmits 5 = Spiky Revoovry eatsife averpind sovovery Hais

1w Anialyte anafyzed for bk mod defected 2= Not ELAP scerodited analyte

NIA = Not Aplicable ND = Not Detivted

Scientist Il DeNomy Dage

These avsaltsare submitfod prrstat b R Loe Growp s ewerent fermes avsd comditions of sale, imcluding b compaoy s slamdard sowrnenty amd Emvitedion of Nability provizions, No
resporesibility ar Nablity & stsumed for the mamner in which dhe resuills are wsed or inberpeobod. Uales modtfied in siting fo refurn e sameples corvrad by el repart, RY Lov Cromg
il stone the sammples for a pr iod of mimety {0 cfiore discurding. A skipping and leradling o sill be ssessad for the eturn of any sampics. Unfess ofiserose noted, samples weee
weverovd Jm i aavephable donidition. This laboned slare iwill IS0 17025 guidetires, ard holds limiled scopes of s enditetion wnder QRELAP Lab Code #0681
AIHA-LAP, LLC Lk ID 178656 EPA 1D WM]JSSMWJ DO Ll 1D C859, This lql'u'! ey mod b wised Bo olleine praduct endorsement Iy ang leboratery acorediting sgmap. The
results containod i Bas roporf relate only b e ifvms bestod or to i saniph ivvd ey the Any rep of thes t st b i Sl flor U report fo b

Columbia Basin Analytical Laboratories | 2710 North 20th Avenue, Pasco WA 93301 | 509.545.4989
WWW.RJLEEGROUP.COM

C.336



W607059, Page 15 of 17

We07057

Assembler C.O.C. No.
1in 162097
ua CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST 2016209
Page 1 of 3
.mwm._,_m.m_u_o_. nw...a.ﬂmﬁ.m:ma. Telephone No., ... z_m_z._m-am FAX 492 1878
| SAF No Sample Origin Purchase Qrdericharge Gode
HiR CARTRIOGE EVALUATION o3/caze
Project Title Logbook!/ Work Package No. Temp.
CARTRIDGE EVALMATION MR
Shipped To (Lab) Method of Shipment Bill of Lading/Air Bill No.
CEAL
Protocol Data Turnaround Parts and Return No.
IR 10 DAYS
Sample No. Lab ID ' Date Time | No./Type Container Sample Analysis Preservalive
S16T021332 Va |TF15/16 Thermosoxh-N Witrosamines 16-05982-11-a&1 "\ ' Wik
516T021333 VA |1/15/16 Thermoesorb-N Nitrosamines 16-05982-11-a2" = \ NiA
S16T021334 va |7/15/1¢6 Tharmosorh-N Hitrosamines 16-05882-11-B1 .\ _\\. HiA
5167021335 wa |7/15/16 Thermosorb-N Hitrosamines 1&-05%982-11-BLANK « v H/A
516T021336 v |1/15/16 Thermosorb-H Hitrosamines 16-05582-11-C1 - \\ WA
5167021337 Va |7/15/16 Thermosorb=K Ritrosamines i6-05982-11-D1 " ~ \ KA
S16T021338 VA |7/15/16 Thermssorb-N Nitrosamines 16-05982-11-Ei+ A .\\ N/A
51670213358 VA |T/15/16 Thermosorb-N Hitrosamines 16-055982-11-EFF-BASE . n\ N/A
S16TO21340 VA |T/15/26 Thermosorb-N Nitrosamines 16-05982-11-F1 -~ | a\\ W/
S16T0Z1341 VA |7/15/16 Thermosorb-N Nitrosamines 16-05982-11-G1 -~ (\ &
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS O Yes @ No SPECIAL INSTRUCTIONS Hold Time
Send Resulta to Carl Howald IV 2 Greg Moore
Carl W_Howald@rl.gov and
Gregory S Moorefrl.gev see SOW for email
CONTRACT 55503
RELEASE 5
Received By Print DatefTime Matrix®
” - -/ § = Soil DL = Drum Liquids
Received B Dale/Time | SE = Sediment T = Tissue
3 S0 = Solid Wi = Wipe
.W%. w T.RICE nnrmmﬁm==14\_42€ :.%m_. = Sludge L = Liquid
eceived By Date/Time W = Water V = Vegetalion
Q =0qi VA = Vapor
- - . A = Air X = Other
Relinquished Date/Time Received Date/Time
! > o DS = Drum Solids
.g.. 1 " re, n i
AL SABLE | S ers e.9., Return lo cuslomer, per ure, used in Process) Disposed By Date/Time
DISFOSITION CONSDMED Pad .\N

All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin.

B@@m\\m Jer S

A-6003-962 (03/05)
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Assembler - C.0.C. No.
4
0 CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST 2086209
Page 2 of 3
Collector Contact/Requestor Telephone No. MSIN F.
JONES CRRL _..mux%.m v ph 373-6861 T6-05 AX 392 1878
SAF No. Sample Origin Purchase Order/Charge Code
N/R nm.n,._.w_uoom ﬂﬁ,pm:... 108 202003/CB20
Project Title Logbook/ Wark Package No. lce Chest No. Temp.
CARTRIDGE EVALUATION N/A
Shipped To (Lab) Method of Shipment Bill of LadingfAir Bill No.
CEAL
Protocol Data Turnaround Parts and Return No.
H/A 10 DAYS
Sample No. Lab ID 3 Dale Time No Type Container Sample Analysis Preservative
516T021342 VA |7/15/16 Thermosorb-N Nitrosamines 16-05982-11-Hl -, < N/A
§16T021343 va |7/15/16 Thermosorb-N Nitrosamines 146-05982-11-K2 ..J N/A
516T021344 VA |7/15/16 Thermosorb-H Nitrosamines 16-05%82-11-IN-BASE ™ WA
S16T021345 va |7/16/16 Thermosorb=N Nitrosamines 16=-05983=11=Al /= LTEN
5167021348 VA |T/16/18 Thermosorb-N Nitrosamines _.muﬁ.mmmwu_.wlrm.i.! /A
S16T021347 va |7/16/1¢ Thermosorb-N Nitrosamines 16-05983-11-81 2 /A
S16T021348 VA |7/16/16 Thermosorb-n Nitrosamines 16-05%83-11-BLANK "= KA
516T021349 VA |7/16/16 Thermosorb=H titrosamines 16-05%83-11-Cl nﬂ WA
S16T021350 VA |T/16/16 Thermosorp=4 Nitrosamines 16=05383=11=01_ &= N/A
S1&6T021351 VA |7/16/1¢6 Thermosorb-i Hitrosamines 16-05%83-11-E1 = MSA
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wasles) MSDS O Yes @ Mo SPECIAL INSTRUCTIONS Fiold Time
Send Results to Carl Howald IV @ Greg Moore
Carl W Howald@zl.gov and
Gregory _$_Moorefrl.gov see S0W for email
CONTRACT 55503
RELEASE 5
Relinquished By Print Sign DatelTime Hecaived By Print Sign Date/Time Matrix®
< 8 = S DL = Drum Liquids
Relinguished By DatelTime SE = Sedimemt T = Tissue
¢, LOPEZ RIL . SO = Solid Wl = Wipe
. » \d?\— .\.Nl\_h— 5 ______ SL = Sludge L = Liquid
elinquished Recelved By ~ Date/Time |y = water V= Vegetation
Q =qi VA = Vapor
Relinquished By Date/Time | Receved By Daternime |2 = A % = Other
DS = Drum Solids
Tisposal Method (&.9., Return 10 CUSIomer, per 1ab procedure, USed In process) i
FINAL SAMPLE | - POS8 (g CONSUNE PREEIR e ) Disposed By Date/Time
DISPOSITION ez m

All samples containing hazardous malerials shall ba picked up by requester and returned to parent conlainer or site of origin.

ofpgle 1445

A-6003-962 (0305)
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All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of arigin.

Assembler C.O.C. No.
: 1 7
w CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST £016202
Page 3 of 2
hm_,an__m,mn._.z. %ﬂ.ﬁmﬁmwcmpw_o_. Telephone zou 13-6861 z__m__zh_m-ow FAX 402 1378
SAF Mo, Sample Ongin Purchase Order/Charge Code
N/A CARTAIDGE EVALUATION 202003/¢820
Project Tille Logbook/ Work Package No. Ice Chest No. Temp.
CARTAIDGE EVALUATION WA
sm_wﬁwma To (Lab) Methaod of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Parts and Return No.
N/A 10 oavs
Sample No. Lab 1D o Date Time NoJ/Type Container Sample Analysis Preservalive
S16TO21352 va |7/16/16 Thermosorb-N Hitrosamines 16-05983-11-EFF-8ASE -™ TR
S16T021353 VA |T/16/16 Thermosorb-N Kitrosamines 16-05983-11-F1 .._-I., H/A
S16T021354 VA |7/16/16 Thermosorb-H Hitrosamines 16-05983-11-G1 o\ N/A
S16T021355 VA |7/16/16 Thermosorb-N Hitrosamines 16=05983-11-H1 ‘arf NIR
S16TO213%6 VA |7/16/16 Thermosorb-H Hitrosamines 16-05983-11-H2 & 4 LTE
518T021357 va |7/16/16 Thermosorb-N Nitrosamines 16-05983-11-IN-BASE ™. W/A
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS O Yes @ No SPECIAL INSTRUCTIONS Hold Time
Send Results to Carl Howald IV € Greg Moore
Carl W _Howald@rl.gov and
GregSry_S_Moore@rl.gov see SOW for email
CONTRACT 55503
mmﬁmrmm 5
[Relinguished By Dale/ Time Received By Matrix
Evrggelg 1R o5 3n 5 S = S OL = Drum Liquids
Relinguished By Date/T De_@..ﬂ SE = Sediment T = Tissue
SO = Solid Wi = Wipe
g, o~ -1G-1 Lo 1R \:_&_:\ : va SL = Sldge L = Liquid
4] DatefTime Receivid ﬂu__ Date/Time W = Water V = Vegetation
o = ai VA = Vapor
Relinquished By Date/Time | Received By Daermime |~ = Ar X = Other
DS = Drum Solids
AL SAMPLE Uisposal Method (e.9.. Relurn 1o customer, per 1ab procedure, used in process) Disposed By Date/Time
ISPOSITI .o~ .
BSEOSITION CORSOMED A 83N I%%S

A-6003-962 (03/05)

C.339



Appendix D

Data Reduction Steps



Appendix D

Data Reduction Steps

1. Only chemicals in the current Chemicals of Potential Concern (COPC) list were included in the
calculated data. Nitrous oxide and methanol were not measured in the study. Any other missing
COPCs were analyzed as “Tentatively Identified Compounds.”

2. The COPCs are ranked in the order of their COPC number. Within the data section for each COPC,
data are ranked in the order of survey (1 and 2). Within every survey, data are ranked in the order of
inlet and outlet and following the time sequence.

3. Except for mercury, COPC concentrations were converted into parts per million (ppm) using their
molecular weights and corresponding flow rates after volume correction' as shown in the following
equation:

T
C =2445——
MV

where C is the concentration of COPC in ppmv; r is the analytical result with units of pg/sample (if
the analytical result unit is expressed in mg/sample, the value of C needs to be multiplied by 1000; if
the analytical result unit is in ng/sample the value of C needs to be divided by 1000); V is the
collected volume in 2 hours expressed in liters; M is the molecular weight of COPC expressed as
g/mol. When the ratio between concentration and the corresponding Occupational Exposure Limit
(OEL) is larger than 10%, the fraction is shown in red.

4. The reported volume measurements in Appendix C were made via DryCal devices placed
downstream of each sample media tube. This allowed for precise volume measurements through each
of the tubes. However, to perform the concentration conversion to ppm, the “actual” volumetric
values required conversion to standard temperature and pressure conditions.

Ideal gas behavior was assumed for these volume corrections, and standard temperatures and
pressures were assumed to be 298 K (Tstandard) and 760 Torr (Psandard), respectively. For temperatures,
the reported upstream temperatures for each time period were used (Tupsiream, in Kelvin), and the
temperature correction factor (i.e., the factor multiplied by each reported volume) was simply
Tstandard/ Tupstream-

For the pressure corrections, additional pressure drop information was gathered so that the pressure at
the point of the DryCal device could be calculated. Each time step had reported upstream pressures
(Pupstream, OT upstream of the respirator cartridges). Therefore, pressure drop measurements across the
respirator cartridge and each sample media tube were performed offline to gather the additional
information necessary for the correction.

The average reported pressure drop reading for the respirator cartridge (Pecaririgge) tested was 3.2 inches
of water column (WC). The pressure drop measurements across the individual sample tubes are
shown in the table below (all expressed as inches of WC).

The average pressure drops were then used in a pressure correction factor for the reported volumes.
Note that all pressure values were first converted to units of Torr. For measurements made at
the inlet of the respirator cartridge the pressure correction factor is (Pupstrcam — Ptube) + Pstandard.

! Based on the Standard Temperature and Pressure condition of P=101325 Pa, R=8.314 J/(mol.K), and T = 298.15
K.
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For measurements made at the outlet of the respirator cartridge the pressure correction factor is
(Pupstream - Pcamidge - Ptube) - Pstandard-

Tube First Measure (inches of WC,  Second Measure (inches of WC,  Average of Both Measurements
Location tube on cartridge inlet side) tube on cartridge outlet side) (Ptube, inches of WC)
A 5.0 12.4 8.7
B 6.9 7.2 7.1
C 2.3 2.5 2.4
D 0.8 0.8 0.8
E 1.9 2.1 2.0
F 3.8 6.8 5.3
G 1.6 1.7 1.7
H 7.7 6.5 7.1
1 5.2 4.0 4.6
J 15.9 16.3 16.1
K 10.1 9.7 9.9

An example calculation of the correction factors follows. For a given time period, assume that the
reported upstream pressure (Pupsiream) Was 734 Torr and the corresponding temperature (Tupstream)

was 85.9°F (or 302.9 K). Here, for tube location ‘A’ and upstream of the respirator cartridge, the
corresponding temperature correction factor would be 0.984, and the pressure correction factor for the
respirator cartridge outlet would be 0.944. When multiplied, these two factors equal 0.929, which
would be the overall correction to the reported volume measurement.

5. The analytical detection limit—or reporting limit in some cases—for every COPC was obtained from
the raw analytical data. Here, the average flow rate was used to calculate the approximate analytical
detection limit as the percentage of the OEL for each COPC. Because the flow rates vary, the
calculated concentrations were different for each point, even though some of the results are less than
the DL in the original reading. The last column in the tables below indicate if the original readings
were less than the DL or not.

1. For ammonia and mercury, only the results obtained from using method of total vapor of
ammonia and mercury were used.

2. For furan, results from the furan tube instead of volatile organic compound (VOC) (or volatile
organic analyte) were used. For acetonitrile, results from the VOC tube were used. For butanal,
the results from the VOC tube instead of the aldehydes tube were used. For pyridine and 2,4-
dimethylpyridine, the results from the VOC tube were used.

3. For N-nitrosdiemethylamine (NDMA) and other nitrosamines, data values above analytical DLs
for the same time and position were added together because the original sample was diluted into
three samples for measurements. This same rule applies to 1,3-Butadiene. The results in the plots
and tables reflect the sum of results.

The following tables show the calculated concentrations for each of the COPC measurements conducted
in this study. Red highlighted values reflect measurements that were above 10% of the respective OEL
values. COPCs with these highlights are plotted and shown in Section 5.0. Orange highlighted values
reflect measurements in the 2 to 10% of the OEL range. COPCs with these highlights (only) are plotted
and shown in Appendix E.

A re-evaluation of the furan, 2,5-dihydrofuran, and 2-methylfuran results was performed using the

Carbotrap 300 TDU measurement after the original issue (Rev. 0) of this report. The re-evaluation is
discussed in Freeman et.al. [20]. The detailed furan, 2,5-dihydrofuran, and 2-methylfuran results from the
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Carbotrap 300 TDU method are in Appendix G. The furan, 2,5-dihydrofuran, and 2-methylfuran results
shown in Table starting on the next page are the results from the TDU Tenax TA method.

The position numbers that start with 5982 are for the SCOTT 7422-SC1 cartridges, and the position
numbers that start with 5983 are for the SCOTT 7422-SD1 cartridges.

D3



Measurement Approx. DL

COPC# Analyte End Time (h)  Position Conc. (ppm) QEL (ppm]) Fraction of DEL <DL? [%0EL)
1 Ammonia 2 5982-A1 416 5 1663% 2.35%
1 Ammonia 16 5982-H1 433 25 1733% 2.35%
1 Ammonia 2 5982-A2 b1 25 243% 2.35%
1 Ammonia 4 5982-81 345 25 1379% 2.35%
1 Ammaonia 6 5382.C1 405 25 1619% 2.35%
1 Ammonia 8 5982-D1 141 25 563% 2.35%
1 Ammonia 10 5982-E1 366 25 1466% 2.35%
1 Ammonia 12 5982-F1 130 25 521% 2.35%
1 Ammonia 14 5982.G1 375 25 1501% 2.35%
1 Ammonia 16 5982-H2 400 25 1599% 2.35%
1 Ammonia 2 5983-A1 403 25 1611% 2.35%
1 Ammonia 16 5983-H1 474 25 1915% 2.35%
1 Ammonia 2 5983-A2 53 25 212% 2.35%
1 Ammonia 4 5983-B1 296 25 1185% 2.35%
1 Ammaonia 6 5983-C1 402 25 1608% 2.35%
1 Ammonia 8 5983-D1 284 25 1137% 2.35%
1 Ammonia 10 5983-E1 478 25 1912% 2.35%
1 Ammonia 12 5983-F1 442 25 1767% 2.35%
1 Ammonia 14 588361 410 25 1640% 2.35%
1 Ammonia 16 5883-H2 4B5 25 1859% 2.35%
3 Mercury 2 5882-A1 0.00159 0.003 52.0% 7.43%
3 Mearcury 16 5982-H1 0.00128 0.003 42.0% 7.43%
3 Mercury 2 5882-A2 0.00022 0.003 7.15% YES 7.43%
3 Mercury 4 5982.81 0.00022 0.003 YES 7.43%
3 Mearcury B 5982-C1 0.00022 0.003 YES 7.43%
3 Mercury 8 5982-D1 0.00023 0.003 YES 7.43%
3 Mercury 10 5982-E1 0.00022 0.003 YES 7.43%
3 Mercury 12 5982-F1 0.00021 0.003 YES 7.43%
3 Mearcury 14 5982-G1 0.00022 0.003 7.08% YES 7.43%
3 Mercury 16 5982-H2 0.00022 0.003 7.22% YES 7.43%
3 Mearcury 2 5983-A1 0.00153 0.003 50.2% 7.43%
3 Mercury 16 5983-H1 0.00156 0.003 51.2% 7.43%
3 Mearcury 2 5983-A2 0.00021 0.003 5.96% YES 7.43%
3 Mearcury 4 5983-81 0.00022 0.003 7.16% YES 7.43%
3 Mercury 6 5383-C1 0.00022 0.003 7.26% YES 7.43%
3 Mearcury 8 5983-D1 0.00022 0.003 7.19% YES 7.43%
3 Mercury 10 5983-E1 0.00022 0.003 7.26% YES 7.43%
3 Mearcury 12 5983-F1 0.00022 0.003 7.21% YES 7.43%
3 Mearcury 14 5983.G1 0.00022 0.003 7.12% YES 7.43%
3 Mercury 16 5983-H2 0.00041 0.003 13.5% 7.43%
4 1,3-Butadiene 2 5982-A1 1.0 1.0 102% 2.02%
4 1,3-Butadiene 16 5982-H1 11 1.0 112% 2.02%
4 1,3-Butadiene 2 5982-A2 0.020 1.0 2.02% YES 2.02%
4 1,3-Butadiene 4 5982-81 0.12 1.0 12.2% 2.02%
4 1,3-Butadiene B 5982-C1 0.37 1.0 37.2% 2.02%
4 1,3-Butadiene 8 588201 0.90 1.0 B89.7% 2.02%
4 1,3-Butadiene 10 5982-E1 18 1.0 184% 2.02%
4 1,3-Butadiene 12 5982-F1 1.0 1.0 100%: 2.02%
4 1,3-Butadiene 14 588261 27 1.0 268% 2.02%
4 1,3-Butadiene 16 5982-H2 15 1.0 153% 2.02%
4 1,3-Butadiene 2 5883-A1 1.4 1.0 138% 2.02%
4 1,3-Butadiene 16 5983-H1 12 1.0 125% 2.02%
4 1,3-Butadiene 2 58983-A2 0.019 1.0 1.87% YES 2.02%
4 1,3-Butadiene 4 598381 0.020 1.0 2.00% YES 2.02%
4 1,3-Butadiene B 5983-C1 0.35 1.0 34.6% 2.02%
4 1,3-Butadiene 8 5983-D1 0.75 1.0 74.7% 2.02%
4 1,3-Butadiene 10 5983-E1 1.2 1.0 123% 2.02%
4 13-Butadiene 12 5983-F1 13 10 181% 2.02%
4 1,3-Butadiene 14 5983-G1 2.4 10 241% 2.02%
4 1,3-Butadiene 16 5983-H2 21 1.0 214% 2.02%
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Measurement Approx. DL

CoPC# Analyte End Time (h})  Position Conc. (ppm) QEL (ppm) Fraction of OEL <DL? [%0EL)
5 Benzene 2 55982-A1 0.00276 0.50 0.551% 0.024%
s Benzene 16 5982-H1 0.00404 0.50 D.808% 0.024%
s Benzene 2 5982-A2 0.00011 0.50 0.022% YES 0.024%
5 Benzene 4 5682-B1 0.00011 0.50 0.021% YES 0.024%
s Benzene B 5982-C1 0.00011 0.50 0.021% YES 0.024%
5 Benzene 8 5982-01 0.00011 0.50 0.022% YES 0.024%
s Benzene 10 5982-F1 0.00011 0.50 0.021% YES 0.024%
s Benzene 14 5982.G1 0.00019 0.50 0.037% 0.024%
5 Benzene 16 58982-H2 0.00025 0.50 0.050% 0.024%
s Benzene 2 5983-A1 0.00431 0.50 0.863% 0.024%
5 Benzene 16 5983-H1 0.00320 0.50 0.640% 0.024%
s Benzene 2 5983-A2 0.00011 0.50 0.021% YES 0.024%
5 Benzene 4 5G683-B1 0.00011 0.50 0.022% YES 0.024%
5 Benzene ] 5G683-C1 0.00011 0.50 0.021% YES 0.024%
s Benzene 8 5983-D1 0.00011 0.50 0.023% YES 0.024%
5 Benzene 10 5983-E1 0.00011 0.50 0.021% YES 0.024%
s Benzene 12 5983-F1 0.00011 0.50 0.021% YES 0.024%
5 Benzene 14 5983-G1 0.00010 0.50 0.021% YES 0.024%
5 Benzene 16 5983-H2 0.00012 0.50 0.024% YES 0.024%
[ Biphenyl 2 5982-A1 0.0000% 0.20 0.047% YES 0.048%
[ Biphenyl 16 5982-H1 0.00008 0.20 0.040% YES 0.048%
[ Biphenyl 2 5982-A2 0.00008 0.20 0.042% YES 0.048%
[ Biphenyl 4 5982-B1 0.0000% 0.20 0.043% YES 0.048%
[ Biphenyl B 5982-C1 0.00009 0.20 0.046% YES 0.048%
[ Biphenyl 8 5982-D1 0.00010 0.20 0.048% YES 0.048%
[ Biphenyl 10 5982-F1 0.00009 0.20 0.044% YES 0.048%
[ Biphenyl 12 5982-F1 0.00008 0.20 0.042% YES 0.048%
6 Biphenyl 16 5982-H2 0.00009 0.20 0.045% YES 0.048%
[ Biphenyl 2 5983-A1 0.00018 0.20 0.0BE% YES 0.092%
6  Biphenyl 16 5983-H1 0.00018 0.20 0.088% YES 0.092%
[ Biphenyl 2 5983-A2 0.00016 0.20 0.0B2% YES 0.092%
[ Biphenyl 4 5983-81 0.00017 0.20 0.085% YES 0.092%
[ Biphenyl & 5983-C1 0.00017 0.20 0.086% YES 0.092%
[ Biphenyl 8 5983-D1 0.00018 0.20 0.092% YES 0.092%
[ Biphenyl 10 5983-F1 0.00018 0.20 0.092% YES 0.092%
[ Biphenyl 12 5983-F1 0.00018 0.20 0.090% YES 0.092%
[ Biphenyl 14 5983-G1 0.00018 0.20 0.0908% YES 0.092%
[ Biphenyl 16 5983-H2 0.00018 0.20 0.088% YES 0.092%
7 1-Butanol 2 5982-A1 0.78 20 3.89% 0.005%
7 1-Butanol 16 58982-H1 0.34 20 1.68% 0.005%
7 1-Butanol 2 5982-A2 0.00154 20 0.008% 0.005%
7 1-Butanol 4 5682-B1 0.00083 20 0.004% YES 0.005%
7 1-Butanol ] 5682-C1 0.00083 20 0.004% YES 0.005%
7 1-Butanol 8 5982-D1 0.00153 20 0.008% 0.005%
7 1-Butanol 10 5982-E1 0.00083 20 0.004% YES 0.005%
7 1-Butanol 14 5982-G1 0.00038 20 0.002% YES 0.005%
7 1-Butanol 16 5982-H2 0.00151 20 0.008% 0.005%
7 1-Butanol 2 58983-Al 0.86 20 4.29% 0.005%
7 1-Butanol 16 5983-H1 10 20 5.02% 0.005%
7 1-Butanol 2 58983-A2 0.00083 20 0.004% YES 0.005%
7 1-Butanol 4 5983-B1 0.00085 20 0.004% YES 0.005%
7 1-Butanol & 5G683-C1 0.00083 20 0.004% YES 0.005%
7 1-Butanel 8 5983-D1 0.00088 20 0.004% YES 0.005%
7 1-Butanol 10 5983-F1 0.00083 20 0.004% YES 0.005%
7 1-Butanol 12 5983-F1 0.00083 20 0.004% YES 0.005%
7 1-Butanol 14 5983-G1 0.00080 20 0.004% YES 0.005%
7 1-Butanol 16 5983-H2 0.00097 20 0.005% YES 0.005%
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M t DL
copc# Analyte EndTime (h)  Position  Conc. (ppm) OFL (ppm) Fraction of OEL  Mcosurement  Approx.

<DL? [%OEL)
9 2-Hexanane 2 58982-A1 0.018 5.0 0.367% 0.003%
] 2-Hexanone 16 5982-H1 0.016 50 0.322% 0.003%
9 2-Hexanane 2 58982-A2 0.0000% 5.0 0.002% YES 0.003%
] 2-Hexanone 4 5682-B1 0.00008 50 0.002% YES 0.003%
9 2-Hexanane [ 5682-C1 0.00008 5.0 0.002% YES 0.003%
] 2-Hexanone 8 5982-D1 0.00008 50 0.002% YES 0.003%
9 2-Hexanane 10 5982-E1 0.00008 5.0 0.002% YES 0.003%
] 2-Hexanone 14 5982-G1 0.00016 50 0.003% YES 0.003%
] 2-Hexanone 16 S982-H2 0.00016 50 0.003% YES 0.003%
9 2-Hexanane 2 58983-Al 0.018 5.0 0.355% 0.003%
] 2-Hexanone 16 5983-H1 0.016 5.0 0.324% 0.003%
9 2-Hexanane 2 58983-A2 0.00008 5.0 0.002% YES 0.003%
] 2-Hexanone 4 5683-B1 0.00008 50 0.002% YES 0.003%
9 2-Hexanane [ 5G683-C1 0.00008 5.0 0.002% YES 0.003%
] 2-Hexanone 8 5983-D1 0.00009 50 0.002% YES 0.003%
9 2-Hexanane 10 5983-E1 0.00008 5.0 0.002% YES 0.003%
] 2-Hexanone 12 5983-F1 0.00008 50 0.002% YES 0.003%
9 2-Hexanane 14 5983-G1 0.00008 5.0 0.002% YES 0.003%
9 2-Hexanane 16 5983-H2 0.00010 5.0 0.002% YES 0.003%
11 4-Methyl-2-hexanone 2 58982-A1 0.00133 0.50 0.266% 0.030%
11 4-Methyl-2-hexanone 16 5982-H1 0.00135 0.50 0.270% 0.030%
11 4-Methyl-2-hexanone 2 58982-A2 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 4 5682-B1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone [ 5682-C1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 8 5982-D1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 10 5982-E1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 14 5982-G1 0.00015 0.50 0.030% YES 0.030%
11 4-Methyl-2-hexanone 16 S982-H2 0.00015 0.50 0.030% YES 0.030%
11 4-Methyl-2-hexanone 2 5983-A1 0.00111 0.50 0.223% 0.030%
11 4-Methyl-2-hexanone 16 5983-H1 0.00101 0.50 0.201% 0.030%
11 4-Methyl-2-hexanone 2 5983-A2 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 4 5G683-B1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone B 5683-C1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 8 5983-D1 0.00008 0.50 0.017% YES 0.030%
11 4-Methyl-2-hexanone 10 5983-E1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 12 5983-F1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 14 5983-G1 0.00008 0.50 0.015% YES 0.030%
11 4-Methyl-2-hexanone 16 5983-H2 0.0000% 0.50 0.018% YES 0.030%
13 3-Buten-2-one 2 5982-A1 0.00015 0.20 0.077% YES 0.090%
13 3-Buten-Z-one 16 58982-H1 0.047 0.20 23.5% 0.090%
13 3-Buten-2-one 2 5982-A2 0.00017 0.20 0.087% 0.0590%
13 3-Buten-Z-one 4 5682-B1 0.00017 0.20 0.084% YES 0.090%
13 3-Buten-2-one B 5682-C1 0.00019 0.20 0.094% 0.0590%
13 3-Buten-Z-one 8 5982-01 0.00035 0.20 0.177% 0.090%
13 3-Buten-2-one 10 5982-E1 0.00080 0.20 0.399% 0.0590%
13 3-Buten-Z-one 14 5982-G1 0.00018 0.20 0.090% YES 0.090%
13 3-Buten-2-one 16 S982-H2 0.00330 0.20 1.65% 0.090%
13 3-Buten-Z-one 2 58983-Al 0.00015 0.20 0.077% YES 0.090%
13 3-Buten-Z-one 16 5983-H1 0.041 0.20 20.3% 0.090%
13 3-Buten-2-one 2 5983-A2 0.00017 0.20 0.084% YES 0.090%
13 3-Buten-Z-one 4 5G683-B1 0.00017 0.20 0.086% YES 0.090%
13 3-Buten-2-one B 5683-C1 0.00017 0.20 0.083% YES 0.090%
13 3-Buten-Z-one 8 5983-D1 0.00024 0.20 0.120% 0.090%
13 3-Buten-2-one 10 5983-E1 0.00021 0.20 0.104% 0.0590%
13 3-Buten-Z-one 12 5983-F1 0.00061 0.20 0.306% 0.090%
13 3-Buten-2-one 14 5983-G1 0.00373 0.20 1.86% 0.0590%
13 3-Buten-2-one 16 5983-H2 0.00088 0.20 0.442% 0.090%
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Measurement Approx. DL

coPC# Analyte End Time (h)  Position Cone. (ppm) OQEL (ppm) Fraction of OEL <DL? (%0EL)
14 Formaldehyde 2 5982-A1 0.026 0.30 8.56% 0.631%
14 Formaldehyde 16 5982-H1 0.00799 0.30 2.66% 0.631%
14 Formaldehyde 2 5982-A2 0.00185 0.30 0.631% YES 0.631%
14 Formaldehyde 4 5982-B1 0.00183 0.30 0.611% YES 0.631%
14 Formaldehyde B 5982-C1 0.00180 0.30 0.602% YES 0.631%
14 Formaldehyde a8 5982-D1 0.00184 0.30 0.612% YES 0.631%
14 Formaldehyde 10 5982-F1 0.00184 0.30 0.613% YES 0.631%
14 Formaldehyde 12 5882-F1 0.00179 0.30 0.587% YES 0.631%
14 Formaldehyde 14 598261 0.00180 0.30 0.602% YES 0.631%
14 Formaldehyde 16 5982-H2 0.00181 0.30 0.602% YES 0.631%
14 Formaldehyde 2 5983-A1 0.018 0.30 5.00% 0.631%
14 Formaldehyde 16 5983-H1 0.012 0.30 3.94% 0.631%
14 Formaldehyde 2 5983-A2 0.00175 0.30 0.583% YES 0.631%
14 Formaldehyde 4 5983-81 0.00256 0.30 0.853% 0.631%
14 Formaldehyde & 5983-C1 0.00198 0.30 0.660% 0.631%
14 Formaldehyde 8 5983-D1 0.00231 0.30 0.770% 0.631%
14 Formaldehyde 10 5983-E1 0.00196 0.30 0.654% 0.631%
14 Formaldehyde 12 5983-F1 0.00184 0.30 0.613% YES 0.631%
14 Formaldehyde 14 5983-G1 0.00184 0.30 0.615% YES 0.631%
14 Formaldehyde 16 5983-H2 0.00186 0.30 0.619% YES 0.631%
15 Acetaldehyde 2 5982-A1 0.28 25 1.12% 0.005%
15  Acetaldehyde 16 5982-H1 0.27 25 1.09% 0.005%
15 Acetaldehyde 2 5982-A2 0.090 25 0.361% 0.005%
15 Acetaldehyde 4 5982-B1 0.11 25 0.440% 0.005%
15  Acetaldehyde & 5982.C1 0.16 25 0.620% 0.005%
15 Acetaldehyde 8 5982-D1 0.18 25 0.732% 0.005%
15 Acetaldehyde 10 5982-E1 0.18 25 0.723% 0.005%
15 Acetaldehyde 12 5982-F1 0.051 5 0.205% 0.005%
15  Acetaldehyde 14 5982-G1 0.19 25 0.758% 0.005%
15 Acetaldehyde 16 5982-H2 0.17 5 0.699% 0.005%
15 Acetaldehyde 2 5983-A1 0.25 5 1.000% 0.005%
15  Acetaldehyde 16 5983-H1 0.28 25 1.11% 0.005%
15 Acetaldehyde 2 5983-A2 0.062 5 0.248% 0.005%
15 Acetaldehyde 4 5983-B1 0.076 25 0.303% 0.005%
15  Acetaldehyde & 5983-C1 0.13 25 0.509% 0.005%
15 Acetaldehyde 8 5983-D1 0.15 25 0.619% 0.005%
15  Acetaldehyde 10 5983-E1 0.19 25 0.740% 0.005%
15  Acetaldehyde 12 5983-F1 0.20 25 0.783% 0.005%
15 Acetaldehyde 14 5983-G1 0.18 25 0.724% 0.005%
15  Acetaldehyde 16 5983-H2 0.19 25 0.749% 0.005%
16  Butanal 2 5982-A1 0.020 25 0.081% 0.001%
16 Butanal 16 5982-H1 0.034 25 0.134% 0.001%
16 Butanal 2 5952-A2 0.00021 25 0.001% YES 0.001%
16  Butanal 4 5982-B1 0.00020 25 0.001% YES 0.001%
16  Butanal & 5982.C1 0.00020 25 0.001% YES 0.001%
16  Butanal 8 5982-D1 0.00021 25 0.001% YES 0.001%
16  Butanal 10 5982-F1 0.00020 25 0.001% YES 0.001%
16 Butanal 14 598261 0.00027 25 0.001% YES 0.001%
16  Butanal 16 5982-H2 0.00027 25 0.001% YES 0.001%
16  Butanal 2 5983-A1 0.021 25 0.085% 0.001%
16  Butanal 16 5983-H1 0.019 25 0.075% 0.001%
16  Butanal 2 5983-A2 0.00020 25 0.001% YES 0.001%
16 Butanal 4 5983-B1 0.00026 5 0.001% 0.001%
16  Butanal & 5983-C1 0.00020 25 0.001% YES 0.001%
16  Butanal 8 5983-D1 0.00021 25 0.001% YES 0.001%
16  Butanal 10 5983-E1 0.00020 25 0.001% YES 0.001%
16  Butanal 12 5983-F1 0.00020 25 0.001% YES 0.001%
16 Butanal 14 5983-G1 0.00020 25 0.001% YES 0.001%
16  Butanal 16 5983-H2 0.00023 25 0.001% YES 0.001%
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Measurerment Approx. DL

coPC# Analyte End Time (h)  Position Cone. [ppm) OEL (ppm) Fraction of OEL <DL? (%0EL)
19 Furan 2 5982-A1 0.00001 0.001 0.873% YES 0.933%
19 Furan 16 5882-H1 0.00001 0.001 0.861% YES 0.933%
19  Furan 2 5982-A2 0.00001 0.001 0.929% YES 0.933%
19 Furan 4 5982-B1 0.00001 0.001 0.925% YES 0.933%
19 Furan B 53982-C1 0.00001 0.001 1.02% 0.933%
19 Furan 8 5982-D1 0.00001 0.001 0.533% YES 0.933%
19  Furan 10 5982-F1 0.00001 0.001 1.26% 0.933%
19 Furan 12 53982-F1 0.00001 0.001 0.844% YES 0.933%
19 Furan 14 5982-61 0.00001 0.001 0.872% YES 0.933%
19 Furan 16 5982-H2 0.00001 0.001 0.869% YES 0.933%
19  Furan 2 5983-A1 0.00005 0.001 4.86% 0.933%
19 Furan 16 53983-H1 0.00001 0.001 0.889% YES 0.933%
19 Furan 2 5983-A2 0.00001 0.001 0.886% YES 0.933%
19 Furan 4 5983-B1 0.00001 0.001 0.880% YES 0.933%
19  Furan B 5983-C1 0.00001 0.001 0.506% YES 0.933%
19 Furan 8 5383-D1 0.00001 0.001 0.882% YES 0.933%
19 Furan 10 5983-E1 0.00001 0.001 0.895% YES 0.933%
19  Furan 12 5983-F1 0.00001 0.001 0.895% YES 0.933%
19  Furan 14 5983-G1 0.00001 0.001 0.880% YES 0.933%
19 Furan 16 5983-H2 0.00001 0.001 0.500% YES 0.933%
20 2,3-Dihydrofuran 2 5982-A1 0.00074 0.001 74.5% 1.81%
20 2,3-Dihydrofuran 16 5982-H1 0.00002 0.001 1.67% YES 1.81%
20 2,3-Dihydrofuran 2 5982-A2 0.00002 0.001 1.81% YES 1.51%
20 2,3-Dihydrofuran 4 5982-B1 0.00002 0.001 1.80% YES 1.51%
20 2,3-Dihydrofuran B 5982-C1 0.00002 0.001 1.78% YES 1.81%
20 2,3-Dihydrofuran B 5982-D1 0.00002 0.001 1.81% YES 1.81%
20 2,3-Dihydrofuran 10 5982-E1 0.00002 0.001 1.70% YES 1.51%
20 2,3-Dihydrofuran 12 5982-F1 0.00002 0.001 1.64% YES 1.81%
20 2,3-Dihydrofuran 14 5982-G1 0.00002 0.001 1.69% YES 1.81%
20 2,3-Dihydrofuran 16 5982-H2 0.00002 0.001 1.69% YES 1.81%
20 2 3-Dihydrofuran 2 5883-A1 0.00002 0.001 1.60% YES 1.81%
20 2,3-Dihydrofuran 16 5983-H1 0.00070 0.001 70.0% 1.81%
20 2,3-Dihydrofuran 2 5983-A2 0.00002 0.001 1.72% YES 1.81%
20 2,3-Dihydrofuran 4 5983-B1 0.00002 0.001 1.71% YES 1.51%
20 2,3-Dihydrofuran B 5983-C1 0.00002 0.001 1.76% YES 1.81%
20 2,3-Dihydrofuran B 5983-D1 0.00002 0.001 1.71% YES 1.81%
20 2,3-Dihydrofuran 10 5983-E1 0.00002 0.001 1.74% YES 1.51%
20 2,3-Dihydrofuran 12 5983-F1 0.00002 0.001 1.74% YES 1.51%
20 2,3-Dihydrofuran 14 5983-G1 0.00002 0.001 1.71% YES 1.81%
20 2,3-Dihydrofuran 16 5983-H2 0.00002 0.001 1.75% YES 1.81%
21 2,5-Dihydrofuran 2 5382-A1 0.00021 0.001 20.7% 2.31%
21 2,5-Dihydrofuran 16 5982-H1 0.00002 0.001 2.14% YES 2.31%
21 2,5-Dihydrofuran 2 5982-A2 0.00002 0.001 231% YES 2.31%
21 2,5-Dihydrofuran 4 53982-B1 0.00002 0.001 2.30% YES 2.31%
21 2,5-Dihydrofuran B 5382-C1 0.00002 0.001 2.28% YES 231%
21 2,5-Dihydrofuran B 5982-D1 0.00002 0.001 231% YES 2.31%
21 2 5-Dihydrofuran 10 5982-E1 0.00002 0.001 2.17% YES 2.31%
21 2,5-Dihydrofuran 12 53982-F1 0.00003 0.001 3.09% 2.31%
21 2,5-Dihydrofuran 14 5982-G1 0.00002 0.001 2.17% YES 231%
21 2,5-Dihydrofuran 16 5982-H2 0.00002 0.001 2.16% YES 2.31%
21 2 5-Dihydrofuran 2 53983-A1 0.00014 0.001 14.2% 2.31%
21 2,5-Dihydrofuran 16 53983-H1 0.00016 0.001 16.3% 2.31%
21 2,5-Dihydrofuran 2 5983-A2 0.00002 0.001 2.20% YES 2.31%
21 2,5-Dihydrofuran 4 5983-B1 0.00002 0.001 2.18% YES 2.31%
21 2 5-Dihydrofuran B 5983-C1 0.00002 0.001 2.25% YES 2.31%
21 2,5-Dihydrofuran 8 5383-D1 0.00002 0.001 2.19% YES 2.31%
21 2 5-Dihydrofuran 10 5983-E1 0.00002 0.001 2.22% YES 2.31%
21 25-Dihydrofuran 12 5983-F1 0.00002 0.001 222% YES 2.31%
21 2,5-Dihydrofuran 14 598361 0.00002 0.001 2.19% YES 2.31%
21 2,5-Dihydrofuran 16 5983-H2 0.00002 0.001 223% YES 2.31%
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Measurement Approx. DL

coPC# Analyte End Time (h)  Position Conc. (ppm) OEL (ppm) Fraction of OEL <DL? (%DEL)
22 2-Methylfuran 2 5982-A1 0.00010 0.001 10.5% 1.98%
22 2-Methylfuran 16 5982-H1 0.00011 0.001 11.1% 1.98%
22 2-Methylfuran 2 5882-A2 000002 0.001 197% YES 1.98%
22 2-Methylfuran 4 5982-81 0.00002 0.001 1.96% YES 1.98%
22 2-Methylfuran B 5982-C1 0.00002 0.001 1.95% YES 1.98%
22 2-Methylfuran a8 588201 000002 0.001 1.98% YES 198%
22 2-Methylfuran 10 5982-E1 0.00002 0.001 1.85% YES 1.98%
22 2-Methylfuran 12 5982-F1 000002 0.001 1.79% YES 198%
22 2-Methylfuran 14 5982-G1 0.00002 0.001 1.85% YES 1.958%
22 2-Methylfuran 16 5982-H2 0.00004 0.001 4.40% 1.98%
22 2-Methylfuran 2 5883-A1 0.0000% 0.001 9.12% 198%
22 2-Methylfuran 16 5983-H1 0.00012 0.001 12.3% 1.98%
22 2-Methylfuran 2 58983-A2 000002 0.001 1.88% YES 198%
22 2-Methylfuran 4 5983-B1 0.00002 0.001 1.86% YES 1.98%
22 2-Methylfuran ) 5983.C1 000002 0.001 1.92% YES 198%
22 2-Methylfuran 8 5983-D1 0.00002 0.001 1.87% YES 1.98%
22 2-Methylfuran 10 5983-E1 000002 0.001 1.90% YES 198%
22 2-Methylfuran 12 5983-F1 0.00002 0.001 1.90% YES 1.98%
22 2-Methylfuran 14 588361 000002 0.001 1.87% YES 198%
22 2-Methylfuran 16 5983-H2 0.00002 0.001 1.91% YES 1.958%
23 2,5-Dimethylfuran 2 5882-A1 0.00003 0.001 * YES 3.16%
23 2,5-Dimethylfuran 16 5982-H1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 2 5882-A2 0.00003 0.001 o YES 3.16%
23 2,5-Dimethylfuran 4 5982-81 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran ) 5982.C1 0.00003 0.001 * YES 3.16%
23 2,5-Dimethylfuran 8 5982-D1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 10 5982-E1 0.00003 0.001 * YES 3.16%
23 2,5-Dimethylfuran 12 5982-F1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 14 5982-G1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 16 5982-H2 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 2 5983-A1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 16 5983-H1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 2 5983-A2 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 4 5983-B1 0.00003 0.001 1% YES 3.16%
23 2,5-Dimethylfuran ) 5983.C1 0.00003 0.001 o YES 3.16%
23 2,5-Dimethylfuran 8 5983-D1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 10 5983-E1 0.00003 0.001 * YES 3.16%
23 2,5-Dimethylfuran 12 5983-F1 0.00003 0.001 % YES 3.16%
23 2,5-Dimethylfuran 14 588361 0.00003 0.001 o YES 3.16%
23 2,5-Dimethylfuran 16 5983-H2 0.00003 0.001 % YES 3.16%
27 2-Pentylfuran 2 5982-A1 000002 0.001 1.63% YES 1.74%
27 2-Pentylfuran 16 5982-H1 0.00002 0.001 1.62% YES 1.74%
27 2-Pentylfuran 2 5982-A2 000002 0.001 1.73% YES 1.74%
27 2-Pentylfuran 4 5982-81 0.00002 0.001 2.48% 1.74%
27 2-Pentylfuran & 5982-C1 000002 0.001 2.21% 1.74%
27 2-Pentylfuran 8 5982-D1 0.00002 0.001 1.74% YES 1.74%
27 2-Pentylfuran 10 5982-E1 000002 0.001 2.06% 1.74%
27 2-Pentylfuran 12 5982-F1 0.00002 0.001 157% YES 1.74%
27 2-Pentylfuran 14 5982-G1 000002 0.001 1.62% YES 1.74%
27 2-Pentylfuran 16 5982-H2 0.00002 0.001 1.65% 1.74%
27 2-Pentylfuran 2 5983-A1 0.00004 0.001 357% 1.74%
27 2-Pentylfuran 16 5983-H1 000002 0.001 167% YES 1.74%
27 2-Pentylfuran 2 5983-A2 0.00002 0.001 1.65% YES 1.74%
27 2-Pentylfuran q 5983-81 000002 0.001 2.21% 1.74%
27 2-Pentylfuran B 5983-C1 0.00002 0.001 1.98% 1.74%
27 2-Pentylfuran ] 5983-D1 000002 0.001 2.41% 1.74%
27 2-Pentylfuran 10 5983-F1 0.00002 0.001 1.66% YES 1.74%
27 2-Pentylfuran 12 5983-F1 000002 0.001 167% YES 1.74%
27 2-Pentylfuran 14 5983-G1 0.00002 0.001 1.69% 1.74%
27 2-Pentylfuran 16 5983-H2 000002 0.001 1.66% YES 1.74%
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Measurement Approx. DL

coPC# Analyte End Time (h)  Position Conc. [ppm) OEL (ppm) Fraction of OEL <DL? (%0EL)
28  2-Heptylfuran 2 5982-A1 0.00002 0.001 1.87% 1.15%
28  2-Heptylfuran 16 5982-H1 0.00001 0.001 1.07% YES 1.15%
28  2-Heptylfuran 2 5982-A2 0.00001 0.001 1.14% YES 1.15%
28 2-Heptylfuran 4 5952-81 0.00001 0.001 1.14% YES 1.15%
28 2-Heptylfuran & 5982-C1 0.00001 0.001 1.13% YES 1.15%
28 2-Heptylfuran 8 5982-D1 0.00001 0.001 1.15% YES 1.15%
28 2-Heptylfuran 10 5952-E1 0.00001 0.001 1.07% YES 1.15%
28 2-Heptylfuran 12 5982-F1 0.00001 0.001 1.04% YES 1.15%
28  2-Heptylfuran 14 5982.G1 0.00001 0.0:01 1.35% 1.15%
28  2-Heptylfuran 16 5982-H2 0.00001 0.0:01 1.06% YES 1.15%
28 2-Heptylfuran 2 5983-A1 0.00005 0.001 451% 1.15%
28 2-Heptylfuran 16 5983-H1 0.00001 0.001 1.10% YES 1.15%
28 2-Heptylfuran 2 5983-A2 0.00001 0.001 1.09% YES 1.15%
28 2-Heptylfuran 4 595381 0.00001 0.001 1.08% YES 1.15%
28  2-Heptylfuran [ 5983-C1 0.00001 0.0:01 1.11% YES 1.15%
28  2-Heptylfuran ] 5983-D1 0.00001 0.001 1.08% YES 1.15%
28 2-Heptylfuran 10 5983-E1 0.00001 0.001 1.10% YES 1.15%
28 2-Heptylfuran 12 5983-F1 0.00001 0.001 1.10% YES 1.15%
28 2-Heptylfuran 14 5983-G1 0.00001 0.001 1.32% 1.15%
28 2-Heptylfuran 16 5953-H2 0.00001 0.001 1.10% YES 1.15%
29  2-Propylfuran 2 5982-A1 0.00003 0.001 2.64% YES 2.82%
29 2-Propylfuran 16 5982-H1 0.00003 0.001 2.62% YES 2.82%
29 2-Propylfuran 2 5982-A2 0.00003 0.001 2.81% YES 2.82%
29 2-Propylfuran 4 5982-81 0.00003 0.001 2.80% YES 2.82%
29  2-Propylfuran [ 5982-C1 0.00003 0.001 2.77% YES 2.82%
29  2-Propylfuran 2 5982-01 0.00003 0.001 2.82% YES 2.82%
29  2-Propylfuran 10 5982-E1 0.00003 0.001 2.64% YES 2.82%
29  2-Propylfuran 12 5982-F1 0.00003 0.001 2.55% YES 2.82%
29  2-Propylfuran 14 5852-G1 0.00003 0.001 2.64% YES 2.82%
29  2-Propylfuran 16 5982-H2 0.00003 0.001 2.60% YES 2.82%
29  2-Propylfuran 2 5983-A1 0.00002 0.001 2.49% YES 2.82%
29  2-Propylfuran 16 5953-H1 0.00011 0.001 11.1% 2.82%
29  2-Propylfuran 2 5983-A2 0.00003 0.001 2.68% YES 2.82%
29 2-Propylfuran 4 5983-81 0.00003 0.001 2.66% YES 2.82%
29 2-Propylfuran [ 5953-C1 0.00003 0.001 2.74% YES 2.82%
29  2-Propylfuran 2 5953-D1 0.00003 0.001 2.66% YES 2.82%
29  2-Propylfuran 10 5983-E1 0.00003 0.001 2.70% YES 2.82%
29  2-Propylfuran 12 5983-F1 0.00003 0.001 2.70% YES 2.82%
29 2-Propylfuran 14 5983-G1 0.00003 0.001 2.66% YES 2.82%
29 2-Propylfuran 16 5983-H2 0.00003 0.001 2.70% YES 2.82%
33 Diethylphthalate 2 5982-A1 0.00009 0.55 0.017% YES 0.017%
33 Diethylphthalate 16 5982-H1 0.00008 0.55 0.015% YES 0.017%
33 Diethylphthalate 2 5982-A2 0.00008 0.55 0.015% YES 0.017%
33  Diethylphthalate 4 595281 0.00008 0.55 0.015% YES 0.017%
33  Diethylphthalate [ 5982-C1 0.00009 0.55 0.016% YES 0.017%
33  Diethylphthalate 8 598201 0.00009 0.55 0.017% YES 0.017%
33  Diethylphthalate 10 5982-E1 0.00009 0.55 0.015% YES 0.017%
33 Diethylphthalate 12 5982-F1 0.00008 0.55 0.015% YES 0.017%
33 Diethylphthalate 16 5982-H2 0.00008 0.55 0.015% YES 0.017%
33 Diethylphthalate 2 59583-A1 0.00021 0.55 0.039% YES 0.041%
33 Diethylphthalate 16 5983-H1 0.00021 0.55 0.039% YES 0.041%
33  Diethylphthalate 2 5983-A2 0.00020 0.55 0.036% YES 0.041%
33 Diethylphthalate 4 595381 0.00021 0.55 0.038% YES 0.041%
33 Diethylphthalate [ 5983-C1 0.00021 0.55 0.038% YES 0.041%
33 Diethylphthalate ] 5983-D1 0.00022 0.55 0.040% YES 0.041%
33 Diethylphthalate 10 5983-E1 0.00022 0.55 0.041% YES 0.041%
33 Diethylphthalate 12 5983-F1 0.00022 0.55 0.040% YES 0.041%
33  Diethylphthalate 14 5983-.G1 0.00022 0.55 0.040% YES 0.041%
33  Diethylphthalate 16 5983-H2 0.00021 0.55 0.039% YES 0.041%
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Measurement Approx. DL

coPC# Analyte End Time (h)  Position Cone. (ppm) OEL [ppm) Fraction of OEL <DL? (%DEL)
34 Acetonitrile 2 5982-A1 0.085 20 0.424% 0.001%
34 Acetonitrile 16 5882-H1 0.14 20 0.695% 0.001%
34 Acetonitrile 2 5982-A2 0.021 20 0.105% 0.001%
34 Acetonitrile 4 5982-81 0.46 20 229% 0.001%
34 Acetonitrile 3 5982-C1 0.076 20 0.380% 0.001%
34 Acetonitrile 8 5982-D1 0.12 20 0.587% 0.001%
34 Acetonitrile 10 5982-E1 0.091 20 0.454% 0.001%
34 Acetonitrile 14 5982.G1 0.18 20 0.885% 0.001%
34 Acetonitrile 16 5982-H2 0.23 20 1.13% 0.001%
34 Acetonitrile 2 5983-A1 0.15 20 0.767% 0.001%
34 Acetonitrile 16 5983-H1 0.10 20 0.502% 0.001%
34 Acetonitrile 2 5983-A2 0.050 20 0.252% 0.001%
34 Acetonitrile 4 5983-81 19 20 9.45% 0.001%
34 Acetonitrile 3 5983-C1 0.18 20 0.922% 0.001%
34 Acetonitrile 8 5983-D1 0.18 20 0.893% 0.001%
34 Acetonitrile 10 5983-F1 0.29 20 1.43% 0.001%
34 Acetonitrile 12 5983-F1 0.56 20 2.78% 0.001%
34 Acetonitrile 14 5983.G1 0.15 20 0.767% 0.001%
34 Acetonitrile 16 5983-H2 0.15 20 0.755% 0.001%
35  Propanenitrile 2 5982-A1 0.018 6.0 0.306% 0.003%
35  Propanenitrile 16 5982-H1 0.023 6.0 0.386% 0.003%
35  Propanenitrile 2 5982.A2 0.00018 6.0 0.003% YES 0.003%
35  Propanenitrile 4 5982-81 0.00018 6.0 0.003% YES 0.003%
35  Propanenitrile b 5982-C1 0.00034 6.0 0.006% 0.003%
35  Propanenitrile 8 5982-D1 0.00167 6.0 0.028% 0.003%
35  Propanenitrile 10 5982-E1 0.00501 6.0 0.084% 0.003%
35 Propanenitrile 14 5982-G1 0.032 6.0 0.540% 0.003%
35 Propanenitrile 16 5882-H2 0.054 6.0 0.899% 0.003%
35 Propanenitrile 2 5983-A1 0.018 6.0 0.308% 0.003%
35 Propanenitrile 16 5983-H1 0.017 6.0 0.286% 0.003%
35  Propanenitrile 2 5983-A2 0.00038 6.0 0.006% 0.003%
35 Propanenitrile 4 5983-81 0.00043 6.0 0.008% 0.003%
35  Propanenitrile b 5983-C1 0.0002% 6.0 0.005% 0.003%
35  Propanenitrile 8 5983-D1 0.00080 6.0 0.013% 0.003%
35  Propanenitrile 10 5983-E1 0.00264 6.0 0.044% 0.003%
35  Propanenitrile 12 5983-F1 0.00628 6.0 0.105% 0.003%
35  Propanenitrile 14 5983-G1 0.013 6.0 0.223% 0.003%
35  Propanenitrile 16 5983-H2 0.038 6.0 0.633% 0.003%
36  Butanenitrile 2 5982-A1 0.010 8.0 0.126% 0.003%
36 Butanenitrile 16 5982-H1 0.018 8.0 0.231% 0.003%
36  Butanenitrile 2 5982-A2 0.00012 8.0 0.002% YES 0.003%
36  Butanenitrile 4 5982-81 0.00012 8.0 0.002% YES 0.003%
36 Butanenitrile & 5982-C1 0.00012 8.0 0.002% YES 0.003%
36  Butanenitrile 8 5982-D1 0.00012 8.0 0.002% YES 0.003%
36 Butanenitrile 10 5982-E1 0.00012 8.0 0.001% YES 0.003%
36  Butanenitrile 14 5982.G1 0.00020 8.0 0.003% YES 0.003%
36 Butanenitrile 16 5982-H2 0.00032 8.0 0.004% 0.003%
36 Butanenitrile 2 5983-A1 0.014 8.0 0.172% 0.003%
36  Butanenitrile 16 5983-H1 0.011 8.0 0.135% 0.003%
36 Butanenitrile 2 5983-A2 0.00012 8.0 0.001% YES 0.003%
36  Butanenitrile 4 5983-81 0.00012 8.0 0.002% YES 0.003%
36 Butanenitrile 3 5983-C1 0.00012 8.0 0.001% YES 0.003%
36 Butanenitrile 8 5983-D1 0.00013 8.0 0.002% YES 0.003%
36  Butanenitrile 10 5983-F1 0.00012 8.0 0.002% YES 0.003%
36 Butanenitrile 12 5983-F1 0.00012 8.0 0.002% YES 0.003%
36  Butanenitrile 14 5983.G1 0.00012 8.0 0.001% YES 0.003%
36  Butanenitrile 16 5983-H2 0.00014 8.0 0.002% YES 0.003%



Measurement Approx. DL

COPC# Analyte End Time (h)  Position Conc. (ppm) QEL (ppm) Fraction of OEL <DL? [%0EL)
37  Pentanenitrile 2 5982-A1 0.00335 6.0 0.056% 0.003%
37  Pentanenitrile 16 5882-H1 0.011 6.0 0.188% 0.003%
37  Pentanenitrile 2 5982-A2 0.00014 6.0 0.002% YES 0.003%
37  Pentanenitrile 4 5882.81 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile & 5982-C1 0.00013 6.0 0.002% YES 0.003%
37 Pentanenitrile 8 5882-D1 0.00014 6.0 0.002% YES 0.003%
37 Pentanenitrile 10 5982-E1 0.00013 6.0 0.002% YES 0.003%
37 Pentanenitrile 14 5982.G1 0.00048 6.0 0.008% 0.003%
37 Pentanenitrile 16 5882-H2 0.00021 6.0 0.003% YES 0.003%
37  Pentanenitrile 2 5983-A1 0.00635 6.0 0.106% 0.003%
37 Pentanenitrile 16 5883-H1 0.00496 6.0 0.083% 0.003%
37 Pentanenitrile 2 5983-A2 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile 4 5983-81 0.00014 6.0 0.002% YES 0.003%
37  Pentanenitrile & 5983-C1 0.00013 6.0 0.002% YES 0.003%
37 Pentanenitrile 8 5883-D1 0.00014 6.0 0.002% YES 0.003%
37 Pentanenitrile 10 5983-E1 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile 12 5983-F1 0.00013 6.0 0.002% YES 0.003%
37 Pentanenitrile 14 5983-G1 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile 16 5983-H2 0.00015 6.0 0.003% YES 0.003%
38  Hexanenitrile 2 5982-A1 0.00221 6.0 0.037% 0.003%
38 Hexanenitrile 16 5882-H1 0.00159 6.0 0.026% 0.003%
38 Hexanenitrile 2 5982-A2 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 4 5982-81 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 6 5982-C1 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 8 5982-D1 0.00011 6.0 0.002% YES 0.003%
38 Hexanenitrile 10 5982-E1 0.00011 6.0 0.002% YES 0.003%
38 Hexanenitrile 14 E882-G1 0.00018 6.0 0.003% YES 0.003%
38 Hexanenitrile 16 5882-H2 0.00018 6.0 0.003% YES 0.003%
38  Hexanenitrile 2 5983-A1 0.00275 6.0 0.046% 0.003%
38  Hexanenitrile 16 5983-H1 0.00188 6.0 0.031% 0.003%
38  Hexanenitrile 2 5983-A2 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 4 5983-81 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile & 5383-C1 0.00011 6.0 0.002% YES 0.003%
38 Hexanenitrile a8 5983-D1 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 10 5983-F1 0.00011 6.0 0.002% YES 0.003%
38 Hexanenitrile 12 5983-F1 0.00011 6.0 0.002% YES 0.003%
38 Hexanenitrile 14 5983-G1 0.00010 6.0 0.002% YES 0.003%
38  Hexanenitrile 16 5983-H2 0.00012 6.0 0.002% YES 0.003%
42 Ethylamine 2 5982-A1 0.18 5.0 3.63% 0.103%
42 Ethylamine 16 5882-H1 0.020 5.0 0.403% 0.103%
42 Ethylamine 2 5982-A2 0.00459 5.0 0.092% YES 0.103%
42 Ethylamine 4 5982.81 0.00501 5.0 0.100% YES 0.103%
42 Ethylamine B 5982-C1 0.00494 5.0 0.099% YES 0.103%
42 Ethylamine a8 588201 0.00515 5.0 0.103% YES 0.103%
42 Ethylamine 10 5982-E1 0.00479 5.0 0.096% YES 0.103%
42 Ethylamine 12 5982-F1 0.00460 5.0 0.092% YES 0.103%
42 Ethylamine 14 588261 0.00464 5.0 0.093% YES 0.103%
42 Ethylamine 16 5982-H2 0.00473 5.0 0.095% YES 0.103%
42 Ethylamine 2 5883-A1 0.021 5.0 0.421% 0.103%
42 Ethylamine 16 5983-H1 0.014 5.0 0.286% 0.103%
42 Ethylamine 2 5983-A2 0.00420 5.0 0.084% YES 0.103%
42 Ethylamine 4 5983-81 0.00474 5.0 0.095% YES 0.103%
42 Ethylamine & 5383-C1 0.00479 5.0 0.096% YES 0.103%
42 Ethylamine 8 5983-D1 0.00474 5.0 0.095% YES 0.103%
42 Ethylamine 10 5983-E1 0.00488 5.0 0.098% YES 0.103%
42 Ethylamine 12 5983-F1 0.00487 5.0 0.097% YES 0.103%
42 Ethylamine 14 5983-G1 0.00480 5.0 0.096% YES 0.103%
42 Ethylamine 16 5983-H2 0.00487 5.0 0.097% YES 0.103%
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Measurement Approx. DL

coPC# Analyte End Time [h)  Position Conc. (ppm) OEL (ppm) Fraction of OEL <DL? (%DEL)
43 N-Nitrosodimethylamine 2 5952-A1 0.00040 0.0003 134% 11.7%
43 N-Nitrosodimethylamine 16 5982-H1 0.00009 0.0003 29.3% 11.7%
43 N-Nitrosodimethylamine 2 5982-A2 0.00003 0.0003 11.4% YES 11.7%
43 N-Nitrosodimethylamine 4 5982-B1 0.00004 0.0003 11.7% YES 11.7%
43 N-Nitrosodimethylamine B 5982-C1 0.00003 0.0:003 11.6% YES 11.7%
43 N-Nitrosodimethylamine B 5982.D01 0.00004 0.0003 11.7% YES 11.7%
43 N-Nitrosodimethylamine 10 5982-F1 0.00003 0.0:003 11.3% YES 11.7%
43 N-Nitrosodimethylamine 12 5982-F1 0.00003 0.0003 10.9% YES 11.7%
43 N-Nitrosodimethylamine 14 5982-G1 0.00003 0.0:003 11.2% YES 11.7%
43 N-Nitrosodimethylamine 16 5982-H2 0.00003 0.0003 11.2% YES 11.7%
43 N-Nitrosodimethylamine 2 59583-A1 0.00018 0.0003 60.6% 11.7%
43 N-Nitrosodimethylamine 16 5983-H1 0.00028 0.0003 94.0% 11.7%
43 N-Nitrosodimethylamine 2 5983-A2 0.00003 0.0:003 11.4% YES 11.7%
43 N-Nitrosodimethylamine 4 5983-B1 0.00004 0.0003 11.7% YES 11.7%
43 N-Nitrosodimethylamine B 5983-C1 0.00004 0.0:003 11.7% YES 11.7%
43 N-Nitrosodimethylamine 8 5983-D1 0.00003 0.0003 11.3% YES 11.7%
43 N-Nitrosodimethylamine 10 5983-F1 0.00003 0.0:003 11.4% YES 11.7%
43 N-Nitrosodimethylamine 12 5983-F1 0.00003 0.0003 11.3% YES 11.7%
43 N-Nitrosodimethylamine 14 5983-G1 0.00003 0.0:003 11.2% YES 11.7%
43 N-Nitrosodimethylamine 16 5983-H2 0.00003 0.0003 11.3% YES 11.7%
44 N-Nitrosodiethylamine 2 5982-A1 0.00003 0.0001 26.5% 24.4%
44 N-Nitrosodiethylamine 16 5982-H1 0.00002 0.0001 23.3% YES 24.4%
44 N-Nitrosodiethylamine 2 5982-A2 0.00002 0.0001 23.7% YES 24.4%
44 N-Nitrosodiethylamine 4 5982-B1 0.00002 0.0001 24.4% YES 24.4%
44 N-Nitrosodiethylamine & 5982-C1 0.00002 0.0001 24.2% YES 24.4%
44 N-Nitrosodiethylamine B 5982-D1 0.00002 0.0001 24.3% YES 24.4%
44 N-Nitrosodiethylamine 10 5982-E1 0.00002 0.0001 23.5% YES 24.4%
44  N-Nitrosodiethylamine 12 5982-F1 0.00002 0.0001 22.7% YES 24.4%
44 N-Nitrosodiethylamine 14 5982-G1 0.00002 0.0001 23.4% YES 24.4%
44 N-Nitrosodiethylamine 16 5982-H2 0.00002 0.0001 23.3% YES 24.4%
44 N-Nitrosodiethylamine 2 5983-A1 0.00003 0.0001 34.5% 24.4%
44 N-Nitrosodiethylamine 16 5983-H1 0.00002 0.0001 23.4% YES 24.4%
44 N-Nitrosodiethylamine 2 5983-A2 0.00002 0.0001 23.7% YES 24.4%
44 N-Nitrosodiethylamine 4 5983-B1 0.00002 0.0001 24.4% YES 24.4%
44 N-Nitrosodiethylamine [ 5983-C1 0.00002 0.0001 24.4% YES 24.4%
44 N-Nitrosodiethylamine B 5983-D1 0.00002 0.0001 23.6% YES 24.4%
44 N-Nitrosodiethylamine 10 5983-F1 0.00002 0.0001 23.7% YES 24.4%
44 N-Nitrosodiethylamine 12 5983-F1 0.00002 0.0001 23.6% YES 24.4%
44 N-Nitrosodiethylamine 14 5983-G1 0.00002 0.0001 23.2% YES 24.4%
44 N-Nitrosodiethylamine 16 5983-H2 0.00002 0.0001 23.5% YES 24.4%
45  N-Nitrosomethylethylamine 2 5982-A1 0.00040 0.0003 132% 9.85%
45 N-Nitrosomethylethylamine 16 5982-H1 0.00003 0.0:003 10.2% 9.85%
45 N-Nitrosomethylethylamine 2 5982-A2 0.00003 0.0003 9.56% YES 9.55%
45 N-Nitrosomethylethylamine 4 5982-B1 0.00003 0.0:003 YES 9.85%
45 N-Nitrosomethylethylamine & 5982-C1 0.00003 0.0003 YES 9.55%
45 N-Nitrosomethylethylamine B 5982-D1 0.00003 0.0:003 YES 9.85%
45 N-Nitrosomethylethylamine 10 5982-E1 0.00003 0.0003 YES 9.55%
45 N-Nitrosomethylethylamine 12 5982-F1 0.00003 0.0:003 YES 9.85%
45 N-Nitrosomethylethylamine 14 5982-G1 0.00003 0.0003 YES 9.55%
45 N-Nitrosomethylethylamine 16 5982-H2 0.00003 0.0:003 YES 9.85%
45 N-Nitrosomethylethylamine 2 5983-A1 0.00030 0.0:003 9.85%
45 N-Nitrosomethylethylamine 16 5983-H1 0.00005 0.0:003 9.85%
45 N-Nitrosomethylethylamine 2 5983-A2 0.00003 0.0003 9 YES 9.55%
45 N-Nitrosomethylethylamine 4 5983-B1 0.00003 0.0:003 9 YES 9.85%
45 N-Nitrosomethylethylamine & 5983-C1 0.00003 0.0003 9 YES 9.55%
45 N-Nitrosomethylethylamine B 5983-D1 0.00003 0.0:003 9. YES 9.85%
45 N-Nitrosomethylethylamine 10 5983-E1 0.00003 0.0003 9. YES 9.85%
45  N-Nitrosomethylethylamine 12 5983-F1 0.00003 0.0003 g, YES 9.85%
45 N-Nitrosomethylethylamine 14 5983-G1 0.00003 0.0003 9. YES 9.85%
45  N-Nitrosomethylethylamine 16 5983-H2 0.00003 0.0003 g, YES 9.85%
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Measurement Approx. DL

coPC# Analyte End Time [h)  Position Cone. (ppm) OEL (ppm) Fraction of OEL <DL? (%DEL)
46 N-Nitrosomorpholine 2 5982-A1 0.00011 0.0006 3.58%
46 N-Nitrosomorpholine 16 5982-H1 0.00002 0.0006 3.58%
46 N-Nitrosomorpholine 2 5982-A2 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 4 5982-B1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine & 5982.C1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 8 5982-D1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 10 5982-E1 0.00002 0.0006 YES 3.58%
45  M-Nitrosomorpholine 12 5982-F1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 14 5982-61 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 16 5982-H2 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 2 59583-A1 0.00005 0.0006 3.58%
46 N-Nitrosomorpholine 16 5983-H1 0.00004 0.0006 3.58%
46 N-Nitrosomorpholine 2 5983-A2 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 4 5983-B1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine & 5983-C1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 8 5983-D1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 10 5983-E1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 12 5983-F1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 14 5983-61 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 16 5983-H2 0.00002 0.0006 YES 3.58%
47 Tributyl phosphate 2 5982-A1 0.00016 0.20 0.081% YES 0.084%
47 Tributyl phosphate 16 5982-H1 0.00014 0.20 0.072% YES 0.084%
47 Tributyl phosphate 2 5982-A2 0.00015 0.20 0.073% YES 0.084%
47 Tributyl phosphate 4 5982-81 0.00015 0.20 0.075% YES 0.084%
47 Tributyl phosphate B 5982-C1 0.00016 0.20 0.080% YES 0.084%
47 Tributyl phosphate B 5982.D01 0.00017 0.20 0.084% YES 0.084%
47 Tributyl phosphate 10 5982-F1 0.00015 0.20 0.076% YES 0.084%
47 Tributyl phosphate 12 5982-F1 0.00015 0.20 0.073% YES 0.084%
47 Tributyl phosphate 16 5982-H2 0.00015 0.20 0.076% YES 0.084%
47 Tributyl phosphate 2 59583-A1 0.00014 0.20 0.071% YES 0.084%
47 Tributyl phosphate 16 5953-H1 0.00014 0.20 0.071% YES 0.084%
47 Tributyl phosphate 2 5983-A2 0.00013 0.20 0.067% YES 0.084%
47 Tributyl phosphate 4 5953-B1 0.00014 0.20 0.069% YES 0.084%
47 Tributyl phosphate B 5983-C1 0.00014 0.20 0.070% YES 0.084%
47 Tributyl phosphate ] 5983-D1 0.00015 0.20 0.074% YES 0.084%
47 Tributyl phosphate 10 5983-F1 0.00015 0.20 0.074% YES 0.084%
47 Tributyl phosphate 12 5983-F1 0.00015 0.20 0.073% YES 0.084%
47 Tributyl phosphate 14 5983-G1 0.00015 0.20 0.073% YES 0.084%
47 Tributyl phosphate 16 5983-H2 0.00014 0.20 0.071% YES 0.084%
48  Dibutyl butylphosphonate 2 5982-A1 0.00008 0.007 1.20% YES 1.46%
48  Dibutyl butylphosphonate 16 5982-H1 0.00007 0.007 1.05% YES 1.46%
48  Dibutyl butylphosphonate 2 5982-A2 0.00008 0.007 1.07% YES 1.46%
48  Dibutyl butylphosphonate 4 5982-B1 0.00008 0.007 1.10% YES 1.46%
48  Dibutyl butylphosphonate & 5982-C1 0.00008 0.007 1.17% YES 1.46%
48  Dibutyl butylphosphonate 8 5982-D1 0.0000% 0.007 1.24% YES 1.46%
48  Dibutyl butylphosphonate 10 5982-E1 0.00008 0.007 1.12% YES 1.46%
48  Dibutyl butylphosphonate 12 5982-F1 0.00008 0.007 1.08% YES 1.46%
48  Dibutyl butylphosphonate 16 5982-H2 0.00008 0.007 1.11% YES 1.46%
48  Dibutyl butylphosphonate 2 5983-A1 0.00010 0.007 1.39% YES 1.46%
48  Dibutyl butylphosphonate 16 5983-H1 0.00010 0.007 1.40% YES 1.46%
48  Dibutyl butylphosphonate 2 5983-A2 0.00009 0.007 1.30% YES 1.46%
48  Dibutyl butylphosphonate 4 5983-B1 0.0000% 0.007 1.35% YES 1.46%
45  Dibutyl butylphosphonate B 5983-C1 0.00010 0.007 1.36% YES 1.46%
48  Dibutyl butylphosphonate ] 5983-D1 0.00010 0.007 1.45% YES 1.46%
48  Dibutyl butylphosphonate 10 5983-F1 0.00010 0.007 1.46% YES 1.46%
48  Dibutyl butylphosphonate 12 5983-F1 0.00010 0.007 1.43% YES 1.46%
48  Dibutyl butylphosphonate 14 5983-61 0.00010 0.007 1.43% YES 1.46%
48  Dibutyl butylphosphonate 16 5983-H2 0.00010 0.007 1.40% YES 1.46%
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Measurement Approx. DL

CoPC# Analyte End Time (h})  Position Conc. (ppm) QEL (ppm) Fraction of OEL <DL? [%0EL)
51 Pyridine 2 5982-A1 0.00256 1.0 0.256% 0.15%
51 Pyridine 16 5982-H1 0.00277 1.0 0.277% 0.15%
51  Pyridine 2 5982-A2 0.00141 1.0 0.141% YES 0.15%
51 Pyridine 4 5982-B1 0.00140 1.0 0.140% YES 0.15%
51 Pyridine b 5982-C1 0.00139 1.0 0.139% YES 0.15%
51 Pyridine 8 5982-D1 0.00142 1.0 0.142% YES 0.15%
51 Pyridine 10 5982-E1 0.00137 1.0 0.137% YES 0.15%
51 Pyridine 12 5982-F1 0.00135 1.0 0.135% YES 0.15%
51 Pyridine 14 5982-G1 0.00140 1.0 0.140% YES 0.15%
51 Pyridine 16 5982-H2 0.00141 1.0 0.141% YES 0.15%
51 Pyridine 2 5983-A1 0.00195 1.0 0.195% 0.15%
51 Pyridine 16 5983-H1 0.00200 1.0 0.200% 0.15%
51 Pyridine 2 5983-A2 0.00141 1.0 0.141% YES 0.15%
51 Pyridine 4 5983-B1 0.00133 1.0 0.133% YES 0.15%
51 Pyridine b 5983-C1 0.00148 1.0 0.148% YES 0.15%
51 Pyridine 8 5983-D1 0.00145 1.0 0.145% YES 0.15%
51 Pyridine 10 5983-E1 0.00146 1.0 0.146% YES 0.15%
51 Pyridine 12 5983-F1 0.00146 1.0 0.146% YES 0.15%
51 Pyridine 14 5983-G1 0.00144 1.0 0.144% YES 0.15%
51 Pyridine 16 5983-H2 0.00141 1.0 0.141% YES 0.15%
52 2 A-Dimethylpyridine 2 5982-A1 0.00270 0.50 0.540% 0.22%
52 2, 4-Dimethylpyridine 16 5982-H1 0.00266 0.50 0.532% 0.22%
52 2 A-Dimethylpyridine 2 5982-A2 0.00104 0.50 0.208% YES 0.22%
52 2,4-Dimethylpyridine 4 5982-8B1 0.00104 0.50 0.207% YES 0.22%
52 2 4-Dimethylpyridine ] 5982-C1 0.00103 0.50 0.206% YES 0.22%
52 2 A-Dimethylpyridine a8 5982-D1 0.00105 0.50 0.210%% YES 0.22%
52 2 4-Dimethylpyridine 10 5982-E1 0.00101 0.50 0.203% YES 0.22%
52  2,A-Dimethylpyridine 12 5982-F1 0.00099 0.50 0.199% YES 0.22%
52  2,4-Dimethylpyridine 14 598251 0.00104 0.50 0.207% YES 0.22%
52 2 4-Dimethylpyridine 16 5982-H2 0.00104 0.50 0.209% YES 0.22%
52 2, 4-Dimethylpyridine 2 5983-41 0.00217 0.50 0.434% 0.22%
52  2,4-Dimethylpyridine 16 5953-H1 0.00235 0.50 0.470% 0.22%
52 2A-Dimethylpyridine 2 5983-A2 0.00104 0.50 0.208% YES 0.22%
52 2, 4-Dimethylpyridine 4 5983-B1 0.00098 0.50 0.196% YES 0.22%
52 2, 4-Dimethylpyridine ] 5983-C1 0.00109 0.50 0.218% YES 0.22%
52  2,4-Dimethylpyridine 8 5953-D1 0.00107 0.50 0.214% YES 0.22%
52 2, 4-Dimethylpyridine 10 5983-E1 0.00107 0.50 0.215% YES 0.22%
52 2, 4-Dimethylpyridine 12 5983-F1 0.00108 0.50 0.216% YES 0.22%
52 2 A-Dimethylpyridine 14 5983-G1 0.00107 0.50 0.213% YES 0.22%
52 2, 4-Dimethylpyridine 16 5983-H2 0.00104 0.50 0.208% YES 0.22%
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Appendix E

Plots of Other COPCs with Significant (2-10% of the OEL)
Detected Values

1-Butanol (see Figure E.1) — The detection limit (DL) for 1-butanol corresponds to approximately
0.005% of the OEL. All four respirator inlet measurements were above the DL for 1-butanol but were less
than 10% of its OEL. The final inlet measurement for SCOTT 7422-SC1 had the highest measured value
at 5.0% of the OEL. The outlet concentrations for both cartridges were at or near the DL, with only three
measurements for SCOTT 7422-SD1 reaching up to 0.008% of the OEL, indicating no evidence of
breakthrough.
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Figure E.1. Plot of Measured 1-Butanol Concentrations before the Inlets and after the Outlets of the

Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data points
noted with | indicates measurements less than the DL or RL.
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Formaldehyde (see Figure E.2) — The DL for formaldehyde corresponds to approximately 0.63% of its
OEL. All inlet and outlet values measured for both respirator cartridges were less than 10% of the OEL
for formaldehyde—specifically less than 8.6%. The first inlet values for both respirator cartridges were
the highest of all of the measurements (8.56% and 6.0% of the OEL, respectively). Inlet measurements
were lower at the end of each campaign (2.66% and 3.94% of the OEL, respectively). All outlet
measurements were at or slightly above the DL, with only four measurements for SCOTT 7422-SC1
reaching up to 0.85% of the OEL. No evidence of breakthrough was observed during the testing period.
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Figure E.2. Plot of Measured Formaldehyde Concentrations before the Inlets and after the Outlets of
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2-Pentylfuran (see Figure E.3) — The DL for 2-pentylfuran corresponds to approximately 1.74% of its
OEL. All values (inlet and outlet) were less than 10% of the OEL for 2-pentylfuran—specifically, less
than 3.6%. Multiple inlet and outlet values were greater than the DL, but all of these except one inlet
(3.6%) were less than 2.5% of the OEL. The general trends of the data do not support evidence of
breakthrough because there was no steady increase in outlet concentrations with time. The decreasing
outlet concentrations could indicate a 2-pentylfuran background concentration in the system. Even if the
outlet readings above the DL resulted from some breakthrough mechanism, all of the measurements were
below 3% of the OEL.
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2-Heptylfuran (see Figure E.4) — The DL for 2-heptylfuran corresponds to approximately 1.15% of its

OEL. The first two initial inlet concentrations for the two respirator cartridges had measurements above
the DL (1.87% and 4.51% of the OEL, respectively), whereas the inlet measurements after 16 hours for
both cartridges were less than the DL. Outlet measurements at 14 hours for each cartridge were slightly
above the DL at 1.35% and 1.32% of the OEL, respectively. All other outlet measurements were below
the DL. Therefore, no evidence of breakthrough is observed in the data.
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the Two Respirator Cartridges Tested (SCOTT 7422-SD1 and SCOTT 7422-SC1). Data
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Ethylamine (see Figure E.5) — The DL for ethylamine corresponds to approximately 0.10% of its OEL.
All inlet concentrations were above the DL. The initial inlet concentration for the SCOTT 7422-SD1
cartridge was 3.63% of the OEL. All other inlet concentrations for both cartridges were substantially
lower, ranging from 0.29 to 0.42% of the OEL. All outlet measurements were below DLs. Therefore,
no evidence of breakthrough is observed in the data.
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Appendix F

Historical Data Sources and Comparisons

F.1 Data Sources

Headspace-characterization data and industrial-hygiene (IH) data—hereafter referred to as “TWINS HS”
and “TWINS IH”—were obtained from the Tank Characterization Database via the Tank Waste
Information Network System (TWINS). All vapor analysis results for tank 241-BY-108 (BY-108) and its
exhaust system were obtained via a TWINS query on June 20, 2016, for TWINS HS,' and another query
on October 7, 2016, for TWINS IH. More recent headspace data were also obtained from the Site-Wide
Industrial Hygiene Database (SWIHD) by two queries. The first, on July 12, 2016, contained all data
loaded as of that date. The second query contained all data with survey dates between May 1, 2016,

and October 7, 2016. This latter data set was used to update and supplement the former, producing a set
referred to as “SWIHD HS.”

TWINS HS and TWINS IH data were eliminated from consideration if they were:
e Quality Assurance samples (blanks, laboratory control samples, or spikes)
e Marked as suspect (Data Qualifier flag S)
e Associated with a contaminant in a blank, trip blank, or field blank (Data Qualifier flags B, T, or F)
¢ A laboratory control sample that was out of range (Data Qualifier flag a)
¢ An excessive relative percent difference (Data Qualifier flag c¢)

e Marked with a laboratory-defined flag whose meaning was not generically defined and might indicate
a serious data-quality issue (Data Qualifier flags L or Y).

Flags a, c, and L were found only in the TWINS IH database, not in TWINS HS.

The exclusions for the SWIHD HS data set were similar:
e Having a laboratory control sample that was out of range (flag a)
e Associated with a contaminant in a blank (flags b or B)
e Having an excessive relative percent difference or relative standard deviation (flags ¢ or d)
e Having an excessive difference between the sample result and its serial dilution (flag )
e Having a failed mass spectrometer reading on the sample but not on its serial dilution (flag f)

e Marked with a laboratory-defined flag whose meaning was not generically defined and might indicate
a serious data-quality issue (flags L or Y).

"' No data have been added to TWINS HS since April 2005, so the June 2016 download does not require updating.
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TWINS HS results associated with chemicals that were ambiguously identified (e.g., “alkane,”
“unknown,” “C6 ketone”) were deleted unless the molecular weight of one of the chemicals could be
unambiguously specified (e.g., “octanenitrile and others” was kept). In these mixture cases, where the
Chemical ID consisted of a Chemical Abstracts Service number followed by M, the molecular weight of
the identified chemical was added to the data record, the number was used for the Chemical ID, and the
concentration expressed in parts per million (absent from the downloaded database) was calculated from
the concentration in milligrams per cubic meter at 25°C and the molecular weight.

A number of chemicals in the TWINS IH data set had “needs conversion” notes in the concentration
(mg/m® and ppm) columns, rather than numbers, and required calculations to supply these concentrations.
The calculations made use of values already in the database: the molecular weight, the Reported Value
and its units, and the Sample Volume and its units. A temperature of 25°C and a pressure of 1 atm were
assumed.

The method described above was consistent with that used in PNNL-25880," except that measurements
that were non-reports—Iless than the reporting limit (RL) for the analyte—were excluded in PNNL-25880
and were not excluded in this study.

For comparison to cartridge tests that were made using a gas stream from the BY-108 headspace, only
headspace measurements were appropriate. This required no scrutiny for the TWINS HS or SWIHD HS
databases because they were headspace only for BY Farm tanks, but the TWINS IH database required
sorting so that only headspace data were used. The BY Farm data in the TWINS IH database were all
attributed to individual tank locations (i.e., there were no Location designations such as “Inside Farm”,
“Outside Farm”, etc.). Of the data that had BY-108 as a Location, all had Survey Titles that included
phrases such as “BY-108 BF COPC Sampling,” “BY-108 COPC Sampling,” or “BY-108 BF COPC
Make-up.” Because the Location was specified as BY-108, and many of the surveys contained BF

(i.e., “Breather Filter”) in the title, all TWINS IH BY-108 data were considered to be from the tank
headspace.

Maximum and average’ headspace concentrations were found for each analyte for the combined TWINS
IH and SWIHD HS databases.® These maxima and averages are given in Table F.1,* together with
Occupational Exposure Limits (OELs) and counts of the number of samples. The notation “n/a” is used
where there were no measurements of the analyte.

Because the TWINS HS data were older, they were considered less representative of the vapors present
during cartridge testing, and the default was to omit them from calculations. However, in some cases,

the maximum and average for an analyte were considerably different if they were determined from a
combination of all three databases. When this was the case, the results for the three-database combination
are tabulated along with those for the default two-database combination. That is, Table F.1 contains two

! Hoppe, EW, LA Mahoney, J Cole, and KS Rohlfing. 2016. Hanford Tank Vapors COPCs Update. PNNL-25880,
Pacific Northwest National Laboratory, Richland, Washington.

% Arithmetic average.

3 This evaluation used the concentration data in SWIHD HS and converted them to %OEL, rather than directly using
the %OEL data in SWIHD HS. Although this approach was consistent with the methods used on the other two data
sets, there are cases where it gave a %OEL value smaller than that found in the SWIHD database. This difference
occurs because concentrations in SWIHD HS may be truncated to one or two significant figures, while the %OEL
values in SWIHD HS are calculated from concentrations before truncation. The difference between %OEL based on
truncated and non-truncated concentrations is small enough to have no effect on conclusions about whether cartridge
maxima are consistent with historical maxima.

* All % OEL values were calculated from concentration data that had been rounded to a minimum of 3 significant
figures.
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rows for the chemical instead of one, with the upper row (the default two-database combination) in
normal font and the lower row (the two-database combination) in italics. The criterion for tabulating this
extra information was that there was difference of a factor of three or more, in either direction, between
the value obtained from the two-database combination and that from the three-database combination.

Because the reporting limits on concentrations in the historical database were generally higher than the
reporting limits or detection limits in the cartridge tests, it was necessary to analyze data in a way that
would let the effect of <RL historical data be recognized. To do this, it was assumed that all non-reports
in the databases had concentrations equal to RLs of the measurements. Then the following rules were
applied:

1. If a maximum value was a non-report, it was marked as “<RL” in the table.
2. [If all the data contributing to an average were non-reports, the average was marked as “<RL”.

3. If'the presence of non-reports in an average caused it to be more than a factor of two different, in
either direction, from the value it would have had if only the reported concentrations were
averaged, the average was marked with an asterisk (“*”).
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Table F.1. COPC Comparison to Historical BY-108 Measurements
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inued)

1 BY-108 Measurements (conti

to Historica

Table F.1. COPC Comparison
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Table F.1. COPC Comparison to Historical BY-108 Measurements (continued)
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Table F.1. COPC Comparison to Historical BY-108 Measurements (continued)
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F.2 BY-108 Headspace (2016 Tests): Comparison with Historical Data

The maximum and average COPC concentrations measured during cartridge testing were compared to the
maximum and average historical concentrations, and where there were differences, the historical data
were examined for explanations in the type or circumstances of sampling.

Tank BY-108 has been inactive throughout the period of record for which historical vapor concentration
data have been collected. Regarding waste disturbances, it must be noted that BY Farm tanks are arranged
in six-tank cascades that tie three tanks in BX Farm to three tanks in BY Farm. Tanks BX-107, BX-108,
BX-109, BY-107, BY-108, and BY-109 tanks are connected by overflow lines through which vapors can
move from one tank headspace to another (Huckaby et al. 2004). Thus, it would have been physically
possible for waste disturbances in any of five other tanks to have affected vapor concentrations in
BY-108. However, there were no such waste-disturbing operations in any of the tanks of the BY-108-
related cascades in the period during which vapor data were recorded. Hence, none of the available data
for BY-108 were taken during waste-disturbing conditions.

The larger discrepancies, or apparent discrepancies, between cartridge inlet and historical concentrations
are discussed in the following sections.

F.2.1 Ammonia

The maximum cartridge inlet concentration was 1915% of the OEL, compared to the historical maximum
concentration of 644 ppm (2576% of the OEL). This historical data point comes from the TWINS IH
database, which contains only one ammonia datum, and was a breather-filter measurement made on

July 14, 2009. For comparison, five October 2016 samples in SWIHD HS were lower, containing 367 to
441 ppm ammonia. The maximum cartridge-inlet concentration was comparable to the historical
maximum and more recent headspace data.

F.2.2 Nitrous Oxide

Nitrous oxide was not measured in cartridge testing. The maximum historical concentration found in the
TWINS HS database was 831 ppm (1662% of the OEL). This concentration was measured on September
10, 1996. Forty measurements in TWINS HS are all above-report, ranging from 440 ppm to 831 ppm, and
all were taken between 1994 and 1997. Only one recent measurement, made on July 15, 2009, was found
in TWINS IH. However, this concentration of 1.8 ppm (3.6% of the OEL) was measured via a nitrous
oxide badge, which probably did not describe the nitrous oxide concentration in the tank headspace.

F.2.3  Mercury

The maximum cartridge inlet concentration was 52.0% of the OEL. The value is comparable to the
historical maximum, 0.0170 mg/m’ (concentration 68.0% of the OEL). This measurement came from
SWIHD HS and was taken on October 6, 2016. The cartridge inlet maximum is not significantly below
historical'.

! This section uses the thresholds from Appendix C in Freeman et.al. [19]. Discrepancies are discussed if the
maximum historical concentration of a compound was greater than 10% of the OEL and the maximum cartridge
inlet concentration was less than 50% of the historical value. However, discrepancies are considered significant only
if the maximum historical concentration was greater than 10% of the OEL and the maximum cartridge inlet
concentration is less than 20% of the historical value.
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F2.4 1,3-Butadiene

The maximum cartridge inlet concentration of 138% of the OEL is low compared to the historical
maximum concentration, the sole above-report datum from TWINS IH, which was taken on April 8,
2008. It had a concentration of 3.38 ppm (338% of the OEL). The 10 above-reports in TWINS HS
were taken between 1994 and 1997 and ranged from 0.043 ppm to 0.174 ppm (4 to 17% of the OEL).
For comparison, six October 2016 samples in SWIHD HS contained 1.79 to 2.64 ppm of butadiene.
The maximum cartridge inlet concentration was less than 50% but greater than 20% of the maximum
historical measurement and therefore was not substantially lower than the historical record.

F.25 Benzene

The maximum cartridge inlet concentration of 0.86% of the OEL is low compared to the historical
maximum concentration, a below-report datum that had an RL of 0.0529 ppm (<11% of the OEL). This
RL was for a September 17, 2009, sample with a small volume of 0.15 L, producing an unusually high
RL. The maximum relatively recent above-report concentration, excluding TWINS HS data, was 0.0100
ppm (2.00% OEL), found in the SWIHD HS database and measured in October 2016. There were no
above-report historical data in TWINS IH. The numerous above-report historical data in TWINS HS,
which were collected between 1994 and 1997, ranged from 0.016 ppm to 0.19 ppm (3 to 38% of the
OEL).! The cartridge inlet concentration is less than 20% of the historical maximum and is considered
significantly less than the maximum historical measurement, with the caveat that recent SWIHD HS
headspace concentrations were close to the cartridge inlet maximum..

F.2.6 1-Butanol

The maximum cartridge inlet concentration of 5.0% of the OEL is slightly more than 20% of the TWINS
IH maximum found from 2009 breather filter data but is much lower than the 63.5 ppm (318% of the
OEL) measured in the headspace on October 27, 1994. The above-report TWINS HS headspace data
collected on other dates between 1994 and 1997 were between 4 and 22 ppm (20 to 110% of the OEL).
The maximum headspace concentration in SWIHD HS was 4.17 ppm (20.9% of the OEL), measured on
October 6, 2016. The cartridge inlet concentration is less than 20% of the historical maximum from
TWINS HS and is about 25% of the more recent maximum from SWIHD HS. It is concluded that the
cartridge inlet concentration was significantly lower than the historical maxima.

F.2.7 Acetaldehyde

The maximum cartridge inlet concentration of 1.1% of the OEL is lower than the maximum of 2.8 ppm
(11.3% of the OEL) that was measured on April 8, 2008. This was the only measurement in TWINS IH.
No data were found in TWINS HS, and the October 2016 SWIHD HS maximum was 0.302 ppm (1.21%
of the OEL). The cartridge inlet concentration is less than 20% of the historical maximum and is
considered significantly less than the historical maximum, with the caveat that several recent headspace
concentrations were close to the cartridge inlet maximum.

! The TWINS HS maximum of 38% of the OEL does not appear in the tables because it does not fully meet the
criteria for use of TWINS HS data in analysis: it is greater than 3 times the maximum in more recent historical data,
but it does not exceed the OEL.
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F.2.8 Furan

The maximum cartridge inlet concentration of 819% of the OEL (as measured by the Carbotrap 300 TDU
method) is much lower than the maximum in the TWINS IH database, which is a below-report with an
RL of 58.3 ppb (<5830% of the OEL), a high RL that came from a 0.15-L sample taken on September 17,
2009. The cartridge inlet concentration also was much lower than the only above-report concentration in
the TWINS HS database, 547 ppb (54700% of the OEL), which was measured in the headspace in 1994.
The only above-report concentration in the TWINS IH database was 10.3 ppb (1030% of the OEL), which
was measured in a 1-L sample taken at a breather filter on September 17, 2009. In the SWIHD HS
database, the maximum concentration was 18.4 ppb (1840% of the OEL) in October 2016. The cartridge
inlet concentration is less than 20% of the historical maximum and is considered significantly less than
historical, with the caveat that recent SWIHD HS headspace concentrations were close to the cartridge
inlet maximum.

F.2.9 2,3-Dihydrofuran, 2,5-Dimethylfuran, 2-Pentylfuran, 2-Propylfuran

The cartridge inlet maxima were 74.5% of the OEL for 2,3-dihydrofuran, less than a detection limit (DL)
of ~3% of the OEL for 2,5-dimethylfuran, 3.57% of the OEL for 2-pentylfuran, and 11.1% of the OEL for
2-propylfuran. All of the cartridge concentrations were measured by the furans' method. All of the
historical maxima were below-reports with RLs in the range of ~20 to 50% of the OEL.

The cartridge-inlet maximum concentration of 2,3-dihydrofuran was high enough to make it consistent
with the historical maxima, even at the highest historical RL. For the other furans, the cartridge-inlet
concentrations were low and there were no above-report historical data, so no conclusion can be drawn
about where the cartridge inlet concentrations lie with respect to historical data.

F.2.10 2,5-Dihydrofuran, 2-Methylfuran

The maximum cartridge inlet concentration, measured by the Carbotrap 300 TDU method, was 278% of
the OEL for 2,5-dihydrofuran and 39.2% of the OEL for 2-methylfuran, both concentrations are much
less than the below-report historical maxima that had RLs of ~5000% of the OEL for these two furans.
These high RLs came from the same 0.15-L TWINS IH sample discussed for furan. There were no above-
report historical data, so no conclusion can be drawn about where the cartridge inlet concentrations lie
with respect to historical data.

F.2.11 2-Heptylfuran

The maximum cartridge inlet concentration of 4.5% of the OEL (a below-report for which the RL was
11% of the OEL) is within the range of the historical maximum from recent data, a SWIHD HS below-
report with an RL of 0.196 ppb (<19.6% of the OEL). In addition, the cartridge inlet maximum is much
lower than the TWINS HS maximum of 61.2 ppb (6120% of the OEL) measured in the headspace in
1994. The cartridge inlet concentration is less than 20% of the maximum (TWINS HS) historical data.
However, it is worth noting that both of the BY-108 2-heptylfuran measurements that are present in
TWINS HS were considered to be misidentifications.[16]

! Using the TDU Tenax tube method.
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F.2.12 Acetonitrile

The maximum cartridge inlet concentration of 0.77% of the OEL, measured by the Carbotrap 300 TDU
method, is much lower than the historical maximum of 18.8 ppm (94.0% of the OEL) measured in
October 2016. This historical maximum comes from SWIHD HS and was made using the acetonitrile
method. Other measurements made in the same period, by the same method, ranged from 2.23 ppm to
9.76 ppm. The cartridge inlet concentration is less than 20% of the historical maximum and is considered
significantly less than historical.

F.2.13 N-nitrosodimethylamine (NDMA)

The maximum cartridge inlet concentration was 134% of the OEL, much lower than the historical
maximum of 6.19 ppb (2063% of the OEL). The historical maximum came from the SWIHD HS
database, a headspace measurement made in October 2016. There are no TWINS HS data for
nitrosamines in this tank. The cartridge inlet maximum falls below 20% of the historical maximum and
therefore is considered significantly below historical.

F.2.14 N-nitrosodiethylamine (NDEA), N-nitrosomethylethylamine (NMEA), and
N-nitrosomorpholine (NMOR)

For these three nitrosamines, the cartridge inlet maxima were 34.5% of the OEL for NDEA, 132% of the
OEL for NMEA, and 18.3% OEL for N-nitrosomorpholine. The historical maxima were October 2016
SWIHD HS below-reports that had RLs of 1030% of the OEL for NDEA, 413% for NMEA, and 153%
for N-nitrosomorpholine. The only above-report data come from a single breather-filter sample in TWINS
IH, taken on July 15, 2009. The concentrations were 0.00809 ppb NDEA (8.09% of the OEL), 0.0239 ppb
NMEA (7.97% of the OEL), and 0.0482 ppb N-nitrosomorpholine (8.03% of the OEL). There are no
TWINS HS data for nitrosamines in this tank. The cartridge inlet maxima are higher than the above-report
historical maxima for all three nitrosamines.

F.2.15 Dibutyl butylphosphonate (DBBP)

The maximum cartridge inlet concentration of <1.5% of the OEL, which is below its DL, is low
compared to the historical maximum concentration, a below-report datum with an RL of 0.00636 ppm
(<91% of the OEL). This RL was for a September 17, 2009, sample in TWINS IH that had a small
volume, of 0.15 L.

F.2.16 2-Fluoropropene

The cartridge inlet concentration was a tentatively identified compound (TIC)—it was not positively
identified as being present—while the historical maximum concentration was 0.53 ppm (530% of the
OEL). The historical data were present only in the TWINS HS database, a single data point taken in 1994,
The cartridge inlet concentration is probably less than 20% of historical data, but because it is a TIC no
conclusion can be drawn.
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F.2.17 Summary of Historical Data for the BY-108 Headspace (2016 Tests)

In summary, cartridge inlet concentration maxima for samples from the BY-108 headspace that were
substantially lower than historical maxima can be described as follows:

Differences arising from use of historical data taken during disturbance for the historical maximum:
none.

Differences arising from use of RLs of below-report data for the historical maximum: none.

Differences arising from use of data from an inventory that no-longer-exists for the historical
maximum: none.

Differences that could not be resolved because of the scarcity of non-disturbance above-report data:
2,5-dihydrofuran, 2-methylfuran, 2,5-dimethylfuran, 2-pentylfuran, 2-propylfuran, dibutyl
butylphosphonate, 2-fluoropropene.

Cartridge inlet concentrations that were determined to be significantly lower than above-report
historical concentrations: benzene, 1-butanol, acetaldehyde, furan, 2-heptylfuran, acetonitrile,
N-nitrosodimethylamine.
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Appendix G

Assessment of the Use of Alternate Furan Measurements for
Respirator Cartridge Performance Determinations

From Letter Report 69802-01, May 8, 2018

G.1 Overview

Two sorbent tubes are currently used in both vapor source characterization and cartridge testing

that support quantitation of the furans class of Chemicals of Potential Concern (COPC), which includes
furan (CAS# 110-00-9) and 13 other substituted furans. To date, the preferred sorbent tube has been the
Tenax TA TDU “furans” tube, which uses a modified U.S. Environmental Protection Agency (EPA) TO-
17 method with gas chromatography/mass spectrometry GC/MS for quantitation. This furans tube
addresses eight of the 14 furans COPCs. A separate sorbent tube, also used to measure furans, is the
Carbotrap 300 TDU tube. This tube also is analyzed with a modified EPA TO-17 method with GC/MS
for quantitation. The Carbotrap 300 TDU tubes, also called VOA (Volatile Organic Analysis) tubes, are
calibrated for three furan COPCs: furan; 2,5-dihydrofuran; and 2-methylfuran—all of which are also
quantified with the furans tube. Six other furan COPCs are tentatively identified compounds (TICs)
measured using the Carbotrap 300 TDU tube, without calibration standards. Table G.1 provides a
summary of the 14 furans COPCs and current analytical methods.

Table G.1. Furans COPCs and Corresponding Analytical Methods

Sorbent Tube Analysis Methods!

Furans COPCs Name CAS Number ‘Furans’ Tube Carbotrap 300

(TENAX TA)? Tu;be

Furan 110-00-9 X X

2,3-Dihydrofuran 1191-99-7 X

2,5-Dihydrofuran 1708-29-8 X X

2-Methylfuran 534-22-5 X X

2,5-Dimethylfuran 625-86-5 X

2-Ethyl-5-methylfuran 1703-52-2 TIC

4-(1-Methylpropyl)-2,3-dihydrofuran 34379-54-9 TIC

3-(1,1-Dimethylethyl)-2,3-dihydrofuran 34314-82-4 TIC

2-Pentylfuran 3777-69-3 X

2-Heptylfuran 3777-71-7 X

2-Propylfuran 4229-91-8 X

2-Octylfuran 4179-38-8 TIC

2-(3-Ox0-3-phenylprop-1-enyl)furan 717-21-5 TIC

2-(2-Methyl-6-oxoheptyl)furan 51595-87-0 TIC

! Both sorbent tubes are thermally desorbed and analyzed with GC/MS using a modified EPA TO-17 method at the 222S
Laboratory. The target sample collection flow rate is the same for both sorbent tubes, at approximately 33 mL/min during
respirator cartridge testing.
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2 “X” indicates the method is calibrated for the COPC. “TIC” indicates that a reference standard is not available to accurately

quantify, assign an analytical DL or RL, or definitively confirm the identity of the TIC.

In cartridge testing, PNNL was instructed by Washington River Protection Solutions (WRPS) 2228
Laboratory management to use the furans tube data in lieu of Carbotrap 300 TDU tube data because it
provided a lower level of quantitation. The Carbotrap 300 TDU tube furans results were only to be used
to determine whether furan TICs were detected.

In comparing furan measurements from the Site-Wide Industrial Hygiene database (SWIHD) headspace
and exhauster data, a discrepancy was noted between data from the furans and Carbotrap 300 TDU
sorbent tubes for samples taken at the same location and time. Figure G.1 shows SWIHD source
concentrations of furans quantified from the Carbotrap 300 TDU sorbent tube with consistently higher
concentrations than those obtained at the same time with the furans sorbent tube.

The quantitative difference varies from survey-to-survey, but in all cases the Carbotrap 300 TDU tube
provides significantly higher results. Further review of SWIHD headspace data confirmed that historic
maxima reported for furan from each tank farm resulted from Carbotrap 300 TDU tube quantitation
versus furans tube quantitation. Similarly, all historic maxima from samples collected since 2006 for the
other two calibrated substituted furans from the Carbotrap 300 TDU tube—2,5-dihydrofuran, and 2-
methylfuran—resulted from the Carbotrap 300 TDU tube quantitation rather than the furans tube.

Comparison of Furan Results from VOA vs, Furan Sorbent Tube Analysis

Surveys from various tank headspaces taken between 5/7/15 and 10/2/16, Analytical results for Furan using TQ-17 from separate Furan and VOA Sorbent
Tubes,

® From VOA Sorbent Tube

® From Furan Sorbent Tube

i 3 b i 1 1 i \/

Figure G.1. Comparison of Selected SWIHD Furan Analysis Results from Two Sorbent Tubes.
Data Points noted with | indicates measurements less than the detection limit.

G.2 Potential Impact and Path Forward

Although both sorbent tubes are calibrated for selected furan compounds, it is apparent that one of the two
methods is providing a false reading for the calibrated furan compounds. The 222S Laboratory team and
Industrial Hygiene evaluated the data and methods. Results indicate that the Carbotrap 300 TDU tube is
providing a more accurate measurement, while the furans tube results represent a false negative for furan.
Specifically, it appears that several of the lower boiling point and molecular weight furan COPCs have
the propensity to be released from the furans tube prior to quantitation. This observation is based on a
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volume challenge test conducted at the 222S Laboratory on both tubes. The 222S Laboratory team also
addressed a question about the potential interference of other compounds on the furan peaks measured
from the Carbotrap 300 TDU tube, and the potential for those interferences to drive elevated readings.
Their response cited a calibration protocol that assured them of minimal interferences with the furan
measurements.

Based on the current interrogation results and recommendations from the 2228 laboratory and Industrial
Hygiene management, PNNL reprocessed all prior cartridge test results to provided quantitative furans
data using the Carbotrap 300 TDU tube analysis results. Results indicate significantly higher cartridge
inlet concentrations for furan using the Carbotrap 300 TDU tube data compared to the original furans tube
analysis results documented in previous cartridge reports. [1-10]

A summary of analysis results for furan, 2,5-dihydrofuran, and 2-methyl furan from the Carbotrap 300
TDU sorbent tubes are shown in Table G.2 for those tests where inlet concentrations exceeded DL. Furan
inlet concentrations exceeded 10% of the OEL in 10 of the 11 tanks or exhausters tested, and inlet
concentrations exceeded 100% of the OEL in 6 of the tests. The highest inlet concentrations observed
(where inlet concentrations exceeded 1000% of the OEL for most of the test) were during 702-AZ
exhauster tests under waste-disturbing conditions.

For cartridge tests where maximum inlet furan concentrations ranged from 24 to 392% of the OEL

(0.24 to 3.9 ppb), all outlet concentrations were less than the DL, indicating no evidence of breakthrough.
A plot from the AW Exhauster testing (Figure G.2) is representative of the eight tanks or exhausters
tested with maximum inlet concentrations at or below 392% of the OEL.

For the BY-108 cartridge testing, the inlet furan concentrations ranged from 233% to 819% of the OEL
(see Figure G.3). Here, furan breakthrough times corresponding to outlet concentrations above the DL
(~17% of the OEL) ranged from just after 6 hours for the SCOTT SD1 cartridge (maximum inlet 819% of
the OEL), to after 8 hours for the SCOTT SCI1 cartridge (maximum inlet 298% of the OEL). For
comparison, ammonia breakthrough for BY-108 SD1 and SC1 tests occurred within 2 hours,[4] and total
volatile organic compound (VOC) breakthrough was evident after 6 hours.[10] Furan breakthrough in the
BY-108 tests appears to correlate with the onset of total VOC breakthrough. Breakthrough of 2,5-
Dihydrofuran was also observed after 10 to 12 hours, but only in the BY-108 SD1 test.

For the cartridge testing on the 702-AZ waste disturbing event, inlet furan concentrations ranged from
440% to 2995% of the OEL (see Figure G.4). Here, furan breakthrough times ranged from after 8 hours
for the SCOTT SD1 cartridge (maximum inlet 2995% of the OEL), to after 10 hours for the SCOTT SC1
cartridge (maximum inlet 2533% of the OEL). For comparison, ammonia breakthrough for 702-AZ SD1
and SC1 tests occurred after 6 hours and 4 hours, respectively.[9] Total VOC analysis has not been
conducted for the 702-AZ exhauster waste disturbing test. Ammonia breakthrough continued to precede
all other breakthrough observations, including furan.

G.3 Conclusions

Using analytical results from Carbotrap 300 TDU tube for three calibrated furan compounds (furan, 2,5-
dihydrofuran, and 2-methylfuran), respirator cartridge breakthrough analyses were re-assessed for the 11-
tank headspace and tank farm exhauster cartridge tests conducted during FY 2016 and

FY 2017. This re-assessment was driven by observed differences between historic headspace and
exhauster sample analysis using different sorbent tubes. An assessment from WRPS 222S Laboratory
and Industrial Hygiene management also indicated that the baseline furans sorbent tube appears to be
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providing false-negative concentrations for these furan compounds and that the Carbotrap 300 TDU tubes
provide better quantitation.
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Table G.2. Summary of Furan Inlet and Outlet Concentrations for Cartridge Tests using Carbotrap 300 TDU Sorbent Tube and Furans Sorbent

Tube Analysis Results.'
Test/Tank Furans Tube Carbotrap 300 TDU Tube
Headspace or Inlet Inlet
Exhauster Slip Max | Avg. Outlet Max Max | Avg. Outlet Max Carbotrap 200 TDU Tube
Stream COoPC (% of OEL) (% of OEL) (% of OEL) (% of OEL) Comments
AP Exhauster Furan 212 1 3921355 <DL (16)
A-101 Furan 513 1 42126 <DL (16)
BY-108 Furan 512 1 8191456 698 Breakthrough after 6 hours (SD1)
and 8 hours (SC1)
2,5- 21113 3 278189 377 Breakthrough after 10-12 hr
Dihydrofuran (SD1)
2-Methyfuran 12111 4 39130 <DL (19)
AX-101 Furan 1515 6 24 1 <DL (17) <DL (17)
702-AZ Exhauster Furan' 91 <DL (6) <DL (6) 62127 <DL (20)
(non-waste
disturbing)
702-AZ Exhauster Furan! 513 <DL (2) 308411392 87 Breakthrough after 8 hours (SD1)
(waste disturbing) and 10 hours (SC1)
AW Exhauster Furan <DL | <DL (6) <DL (6) 204 1 146 <DL (17)
AN Exhauster Furan <DL | <DL (6) <DL (6) 85148 <DL (18)
SX-101 (SD1/SC1) Furan <DL | <DL (4) <DL (4) 169175 <DL (29)
SX-104 Furan <DL I <DL (3) <DL (3) 100 139 <DL (28)
(TL/FR57)?

! 2-Methylfuran had at least one measurement slightly greater than DL, but all measurements were <RL.
2 Only results available as of 5/4/18 for Powered-Air Purifying Respirator tests with MSA TL and 3M FR57 cartridges.

" In the final quality approved spreadsheet AY-AZ (2017) Master Calculations 16JUL2018.xIsx, 7/16/18 3:30 PM, the maximum OEL values
changed to 2995% of the OEL for the inlet on the SD1 cartridge and 2533% of the OEL for the inlet on the SC1 cartridge. Additionally, in the
702-AZ 2017 SCOTT SD1 cartridge test, the Carbotrap 300 tube measured 2-methylfuran inlet concentrations of 13.8% of the OEL. The 702-AZ
2017 SCOTT SCI1 cartridge test Carbotrap 300 tube measured 2-methylfuran inlet concentrations of 11.5% of the OEL.

G.S5






Vapor-TDU VOA #2

A SCOTT 7422501 1N 20000 0%
O SCOTT7422-501 OUT
i - -0l g
= 0 sesserl 1000.0% g
£ 5
"
E 1 __‘._u.ul.u.u.uma.-u_-._u.u.‘n.nL_ 100.0% g
L ST IT TR
01 +—w M 2 e i 1 111 T
5 ? ¥ -Iil v k]
<
001 —_———— 1.0%
0 2 4 6 8 10 12 14 15 18
Run Time (hour)
Furans in Vapor Samples
| 10 1000.0%

Analyte Concentration |ppb)

-

o
s

0.01

B 50071 7422-5D1IN
O SCOTT 7422-501 OUT

Run Time (hour)

g
3

10,0%

1.0%

Analyte Concentration |%OEL)

Figure G.2. Plots of Measured Furan Concentrations before the Inlets and after the Outlets of the Two

Analyte Concentration ppk)

100

-
=)

B SCOTTTAZZ5CI N 10000.0%
O SCOTT7422-5C1 OUT

-]

...... RL p——————  1000.0%

_-.._!.mlu.lu..l...!.....m._ 200.0%

Analyte Concentration [%OEL)

- AFFF:T'_'FIT_'H:?_ ia
v Y v
0.01 . . — " . . . 1.0%
0 2 4 6 B 10 12 14 16 18
Run Time [hour)
12 B SCOTTTa ST 20008%
2 SCOTT 7422-SC1 OUT
1 §
=
E 1 1000% g
£
% 01 10.0% §
i @
2z - - - _§
Psrerrey
v vy s
0.01 . 1.0%

Respirator Cartridges Tested on an AW Exhauster Slipstream. Top panels represent
Carbotrap 300 TDU sorbent tube results; bottom panels represent furans sorbent tube

results.

Vapor-TDU VOA #2

Analyte Concentration (ppb)

100

W SCOTT 7422501 1IN

O SCOTT 7422-501 OUT

=]

-

10000.0%

100.0%

Analyte Concentration (%OEL)

01 10.0%
0.01 T 1.0%
o 2 4 [ ] 10 12 14 16 18
Run Time (hour)
Furans in Vapor Samples
10 W 50077 7422501 1N 1000.0%
— O SCOTT 7422-5D10UT -
E - =0t z
= 1 e R 1 1000% $
: :
B | crererseeseeseeeeneenen
E 01 10.0% E
H :
[ — - 1.0%
S e b L BN
0.001 ™ T T - T N T T 0.1%

1] 2 a4 [ a 10 12 14 16 18

Run Time (hour)

G.7

Analyte Concentration (ppb)

100

=)

-

=
-

0.01

W SCOTT7422-5C1IN 1 0%
O SCOTT F422-5C1 OUT
-
ses BL 1000.08%
u A
+ 100.0%
o
i £ == = ————
10.0%
¥ L
1.0%

1] 2 4 [ ] o 12 14 16 18

Run Time (hour)

Analyte Concentration (%0EL)

Analyte Concentration {ppb)

2
o

=4
2

10 1000.0%
B SCOTT7a325C1IN
B SCOTT 7422:5C10UT
- =0
S EEE— 100.0%
sssRL
10.0%
| |
I T =
v v v vov
0.1%

0.001

Run Time (hour)

Analyte Concentration {%0EL)




Figure G.3. Plots of Measured Furan Concentrations before the Inlets and after the Outlets of the Two
Respirator Cartridges Tested on BY-108 Headspace Vapors. Top panels represent Carbotrap
300 TDU sorbent tube results; bottom panels represent furans sorbent tube results.
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Figure G.4. Plots of Measured Furan Concentrations before the Inlets and after the Outlets of the Two
Respirator Cartridges Tested on the 702-AZ Exhauster Slipstream under waste-disturbing
conditions in 2017. Top panels represent Carbotrap 300 TDU sorbent tube results; bottom
panels represent furans sorbent tube results.

Re-assessment results using data from the Carbotrap 300 TDU sorbent tube indicate that the SCOTT
7422-SD1 and -SC1 APR cartridges effectively removed furan. Inlet concentrations of furan up to 392%
of the OEL resulted in outlet concentrations greater than the DL for the entire testing period (up to 16
hours of testing).

Furan breakthrough was only observed in two tests, where furan inlet concentrations achieved the highest
maximum values of 819% and 3084% of the OEL.

e In the BY-108 tests, furan breakthrough occurred after 6 hours for the SCOTT SDI1 cartridge
(maximum inlet 819% of the OEL), and after 8 hours for the SCOTT SCI1 cartridge (maximum inlet
298% of the OEL). In comparison, ammonia breakthrough was observed in less than 2 hours. Furan
breakthrough appeared to correlate with total VOCs breakthrough.

o In the 702-AZ tests under waste disturbing conditions, furan breakthrough occurred after 8 hours for
the SCOTT SD1 cartridge (maximum inlet 2995% of the OEL), and after 10 hours for the SCOTT
SCI cartridge (maximum inlet 2533% of the OEL)'. In comparison, ammonia breakthrough for the

"' In the final quality approved spreadsheet AY-AZ (2017) Master Calculations 16JUL2018.xIsx, 7/16/18
3:30 PM the maximum OEL values changed to 2995% of the OEL for the inlet on the SD1 cartridge and
2533% of the OEL for the inlet on the SC1 cartridge. Additionally, in the 702-AZ 2017 SCOTT SD1
cartridge test Carbotrap 300 tube measured 2-methylfuran inlet concentrations of 13.8% of the OEL. The
702-AZ 2017 SCOTT SCI1 cartridge test Carbotrap 300 tube measured 2-methylfuran inlet concentrations
of 11.5% of the OEL.
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SD1 and SCI tests occurred after 6 hours and 4 hours, respectively. Total VOC concentrations are not
available at this time, so they could not be compared.

In all tests, ammonia breakthrough continues to precede all other breakthrough observations, including
furan, indicating that ammonia continues to define the minimum breakthrough times for the cartridges.
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Supplemental Data to the Letter Report 69802-01

Table G3. Tank BY-108 Furan, 2,5-Dihydrofuran, and 2-Methylfuran Analytical Results using the
Carbotrap 300 TDU Tube Alternative Methodology.

copc Analyte E""[:;"" Position  Conc.(ppm) OEL(ppm) "y O M“;m:"‘ < Quality Code “”;;2;;"“
19 Furan 2 001-IN-A 4.7€-03 0.001 a474% 17.2%
19 Furan 16 001-IN-H 8.2E-03 0.001 B19% 17.2%
19 Furan 2 001-EF-A 1.7e-04 0.001 16.8% YES 17.2%
19 Furan 4 001-EF-B 1.6E-04 0.001 16.3% YES 17.2%
19 Furan 6 001-EF-C 1.6E-04 0.001 16.3% YES 17.2%
19 Furan 8 001-EF-D 2.4E-04 0.001 23.9% ] 17.2%
19 Furan 10 001-EF-E 5.5E-04 0.001 54.7% ] 17.2%
19 Furan 12 001-EF-F 0.001 17.2%
19 Furan 14 001-EF-G 3.26-03 0.001 320% 17.2%
19 Furan 16 001-EF-H 7.0€-03 0.001 698% 17.2%
19 Furan 2 002-IN-A 2.3E-03 0.001 233% 17.2%
19 Furan 16 002-IN-H 3.0€-03 0.001 298% 17.2%
19 Furan 2 002-EF-A 1.6E-04 0.001 16.2% YES 17.2%
19 Furan 4 002-EF-B 1.7€-04 0.001 16.6% YES 17.2%
19 Furan 6 002-EF-C 1.6E-04 0.001 16.2% YES 17.2%
19 Furan 8 002-EF-D 1.76-04 0.001 17.2% YES 17.2%
19 Furan 10 002-EF-E 3.4E-04 0.001 33.5% J 17.2%
19 Furan 12 002-EF-F 6.8E-04 0.001 68.1% ] 17.2%
19 Furan 14 002-EF-G 1.2E-03 0.001 118% 17.2%
19 Furan 16 002-EF-H 1.8E-03 0.001 177% 17.2%
pal 2,5-Dihydrofuran 2 001-IN-A 2.56-04 0.001 25.3% YES 32.2%
il 2,5-Dihydrofuran 16 001-IN-H 2.8-03 0.001 278% 32.2%
21 2,5-Dihydrofuran 2 001-EF-A 2.9-04 0.001 28.6% YES 32.2%
21 2,5-Dihydrofuran 4 001-EF-B 2.8E-04 0.001 27.8% YES 32.2%
21 2,5-Dihydrofuran 6 001-EF-C 2.8E-04 0.001 21.7% YES 32.2%
21 2,5-Dihydrofuran 8 001-EF-D 2.8E-04 0.001 28.3% YES 32.2%
21 2,5-Dihydrofuran 10 001-EF-E 2.8E-04 0.001 27.6% YES 32.2%
21 2,5-Dihydrofuran 12 001-EF-F 0.001 32.2%
21 2,5-Dihydrofuran 14 001-EF-G 4.1E-04 0.001 41.5% ] 32.2%
21 2,5-Dihydrofuran 16 001-EF-H 3.8E-03 0.001 377% 32.2%
21 2,5-Dihydrofuran 2 002-IN-A 2.5E-04 0.001 25.4% YES 32.2%
21 2,5-Dihydrofuran 16 002-IN-H 2.76-04 0.001 27.0% YES 32.2%
21 2,5-Dihydrofuran 2 002-EF-A 2.8E-04 0.001 27.5% YES 32.2%
21 2,5-Dihydrofuran 4 002-EF-B 2.8E-04 0.001 28.2% YES 32.2%
21 2,5-Dihydrofuran 6 002-EF-C 2.7€-04 0.001 27.5% YES 32.2%
21 2,5-Dihydrofuran 8 002-EF-D 2.9E-04 0.001 29.3% YES 32.2%
21 2,5-Dihydrofuran 10 002-EF-E 2.8E-04 0.001 27.6% YES 32.2%
21 2,5-Dihydrofuran 12 002-EF-F 2.8E-04 0.001 27.6% YES 32.2%
21 2,5-Dihydrofuran 14 002-EF-G 2.76-04 0.001 26.8% YES 32.2%
21 2,5-Dihydrofuran 16 002-EF-H 3.2E-04 0.001 32.2% YES 32.2%
22 2-Methylfuran 2 001-IN-A 2.4E-04 0.001 23.9% J 18.6%
2 2-Methylfuran 16 001-IN-H 3.9€-04 0.001 39.2% ] 18.6%
2 2-Methylfuran 2 001-EF-A 1.7E-04 0.001 16.5% YES 18.6%
22 2-Methylfuran 4 001-EF-B 1.6E-04 0.001 16.1% YES 18.6%
22 2-Methylfuran [ 001-EF-C 1.6E-04 0.001 16.1% YES 18.6%
22 2-Methylfuran 8 001-EF-D 1.6E-04 0.001 16.4% YES 18.6%
2 2-Methylfuran 10 001-EF-E 1.6E-04 0.001 16.0% YES 18.6%
2 2-Methylfuran 12 001-EF-F 0.001 18.6%
2 2-Methylfuran 14 001-EF-G 1.0E-04 0.001 10.5% YES 18.6%
2 2-Methylfuran 16 001-EF-H 1.0€-04 0.001 10.5% YES 18.6%
22 2-Methylfuran 2 002-1N-A 3.4E-04 0.001 34.1% f] 18.6%
n 2-Methylfuran 16 002-IN-H 2.5E-04 0.001 24.7% 1 18.6%
2 2-Methylfuran 2 002-EF-A 1.6E-04 0.001 15.9% YES 18.6%
2 2-Methylfuran 4 002-EF-B 1.6E-04 0.001 16.3% YES 18.6%
2 2-Methylfuran 6 002-EF-C 1.6E-04 0.001 15.9% YES 18.6%
22 2-Methylfuran 8 002-EF-D 1.76-04 0.001 17.0% YES 18.6%
22 2-Methylfuran 10 002-EF-E 1.6E-04 0.001 16.0% YES 18.6%
22 2-Methylfuran 12 002-EF-F 1.6E-04 0.001 16.0% YES 18.6%
22 2-Methylfuran 14 002-EF-G 1.6E-04 0.001 15.5% YES 18.6%
22 2-Methylfuran 16 002-EF-H 1.96-04 0.001 18.6% YES 18.6%
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