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Executive Summary

Washington River Protection Solutions (WRPS) conducted tests using 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 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-out schedule. 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. The key conclusions from the analysis are described below:

e Based on measurements of the cartridge inlet vapor concentrations from tank BY-108, ammonia, 1,3-
butadiene, N-Nitrosodimethylamine (NDMA), and N-Nitrosomethylethylamine (NMEA) exceeded
their Occupational Exposure Limit, (OEL)." Eight additional COPCs—mercury, 3-buten-2-one, 2,3-
dihydrofuran, 2,5-dihydrofuran, 2-methylfuran, 2-propylfuran, N-Nitrosodiethylamine (NDEA), and N-
Nitrosomorpholine—had inlet concentrations greater than 10% of their corresponding OELs.

o Ammonia inlet concentrations during the testing reached 479 ppm, comparable to BY-108 headspace
measurements previously obtained.” The apparent breakthrough for both respirator cartridges (SCOTT
7422-SD1 and SCOTT 7422-SC1) occurred quickly during testing (i.e., less than 2 hours). Direct
reading instrument measurements taken at intervals 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 of the cartridges tested. The observed breakthrough time for the SCOTT
7422-SD1 cartridge was after 2 hours and the breakthrough time for the SCOTT 7422-SC1 cartridge
was after 4 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, National Institute for Occupational Safety
and Health, 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, other established OELs for
chemical surrogates when available, or other standard procedures. The OEL for NDMA and other nitrosamines 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 SWIH
database at the time of this report.
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e NDMA and NMEA inlet concentrations reached 0.4 ppb or approximately 130% of their OELs. All
outlet concentrations were less than the analytical reporting limit at approximately 12% and 9.9% of
their OELs, respectively, indicating no breakthrough at the measured levels for either cartridge.

o Outlet concentrations for mercury, 3-buten-2-one, 2,5-dihydrofuran, and 2-methylfuran were above
detection limits (DL) for one or more measurements. Mercury outlet concentrations reached 13.5% of
the OEL for mercury 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 at the measured levels.

e Based on the measurements taken for this study, breakthrough occurred early in the test sequence for
ammonia and 1,3-butadiene. The ammonia breakthrough alone 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 recommendations for APR use,' identification of an acceptable change-out frequency is not
possible or recommended for the use of these cartridges in similar concentration environments.

! CDC-NIOSH Pocket Guide to Chemical Hazards — Ammonia. Available at
https://www.cdc.gov/niosh/npg/npgd0028.html.
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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 to determine the period of time that the
cartridges would provide adequate performance for APRs 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 change-out 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 analysis of cartridge testing on headspace vapors from the Hanford BY-108 single shell
tank.
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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 (>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 supplied air
respirators or 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 of 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.

o 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. For
most of the employers, this approach is the most time consuming, and resources needed to perform
these tests may not be available. 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.

e Use the manufacture’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, change-out schedules 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 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.

¢ Rules of thumb — 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 less than 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.
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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 without negative effects on
performance to the following environmental conditions:

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

e Precipitation: Up to 4 inches in 6 hours

e Wind: Up to 20 mph with blowing dust.

To ensure the cartridges effectively protect the worker, WRPS developed a testing program with the
following conservative conditions:

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 vapors rather than from Hanford Tank
Farm atmospheric concentrations (i.e., source sampling vs. the breathing zone).

® 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]
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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.

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 greater than 10% of the 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

During the period of 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 222S 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. 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 volatile organic compounds (VOC).

Table 1 shows the measured concentrations in the current study for all COPCs tested. The inlet
concentrations of four COPCs—ammonia, 1,3-butadiene, N-Nitrosodimethylamine (NDMA), and
N-Nitrosomethylethylamine (NMEA)—exceeded their OELs. The inlet concentrations of eight additional
COPCs—mercury, 3-buten-2-one, 2,3-dihydrofuran, 2,5-dihydrofuran, 2-methylfuran, 2-propylfuran,
N-Nitrosodiethylamine, and N-Nitrosomorpholine—exceeded 10% of their OELs. All 12 of these COPCs
(highlighted in yellow in Table 1) are assessed in more detail in Section 5.0. Appendix E shows similar
detailed assessments for an additional seven COPCs with (cartridge inlet) concentrations less than 10% of
their OELs but greater than 2%. Note that all of the other COPCs had inlet concentrations less than 2% of
their OELs or their detection limits (DL).'

! The term “detection limit” is used here to refer either to analytical reporting limit or detection limit. The use of
either a reporting or detection limit varied among analytical laboratories. The reporting limit (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 .
High M . High D Val
COPC Number and Name CAS Number ighest -easured Exposure Limit Detection | and outlet) ighest Detected Value
Value (this study) L 1 . Compared to OEL
(OEL) Limit, DL | < Detection
(% of OEL) Limit
Inorganic
Up to 1915% of OEL for inlet and
1 A i 7664-41-7 47 2 2.359
mmonia 66 9 ppm > ppm 35% outlet values. None <100% OEL
2 Nitrous Oxide 10024-97-2 Not Measured 50 ppm
Up to 52% of OEL for inlet
3 M 7439-97-6 13.0 3 25 3 7.43%
ereury ug/m ug/m 5 values. All outlets <13.5%
Hydrocarbons
. Up to 138% of OEL for inlets and
4 1,3-Butad 106-99-0 2.68 1 2.02%
»>rButadiene ppm ppm v 268% of OEL for outlets
Up to 0.9% of OEL for inlets.
5 B 71-43-2 0.0043 0.5 0.024%
enzene pem ppm ° 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
7 1-But | 71-36-3 1.00 20 0.005%
utano ppm ppm % values. All outlets <0.008%
8 Methanol 67-56-1 Not Measured 200 ppm
Ketones
Up to 0.4% of OEL for inlet
2-H 1-78- .01 . 9
9 exanone 591-78-6 0.0183 ppm 5 ppm 0.003% values. 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
- iy - N 0,
11 4-Methyl-2-hexanone 105-42-0 0.0014 ppm 0.5 ppm 0.030% values. All 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- 78-94-4 0.0469 0.2 0.090%
uten-s-one ppm ppm ; values. All outlets <1.9%
Aldehydes
Up to 8.6% of OEL for inlet
14 F Idehyd 50-00-0 0.0257 0.3 0.631%
SrmaicEnyee ppm ppm % values. All outlets <0.9%
Up to 1.1% of OEL for inlet
15 A Ideh 75-07- .27 2 . 9
5 Acetaldehyde 5070 0.273 ppm 5 ppm 0.005% values. All outlets <0.8%
Up to 0.13% of OEL for inlet
- - 0y
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

! Approximate Detection Limit (DL) is calculated using the reported DLs (or reporting limits) 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.
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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
Furans
Up to 4.9% of OEL for inlet
1 110-00- . 1 A 9
9 Furan 0-00-9 0.05 ppb ppb 0.933% values. All outlets <1.3%
| Up to 74.5% OEL for inlet values.
20 2,3-Dihydrofi 1191-99-7 0.74 ppb 1 ppb 1.81%
fhydroturan PP PP ’ All outlets <DL
X Up to 20.7% OEL for inlet values.
21 2,5-Dihydrofi 1708-29-8 0.21 ppb 1 ppb 2.31%
->-oinydrofuran PP PP ; All outlets <3.1%
Up to 12.3% OEL for inlet values.
22 2-Methylfi 4-22- 12 1 1.989
ethylfuran 53 5 0.12 ppb ppb 98% All outlets <4.4%.
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
27 2-Pentylfi 3777-69-3 0.04 ppb 1 ppb 1.74%
entyliuran PP PP ? values. All outlets <2.5%.
Up to 4.5% of OEL for inlet
28 2-H Ifi 777-71-7 . 1 1.159
8 eptylfuran 3 0.05 ppb ppb 5% values. All outlets <1.4%
Up to 11.1% OEL for inlet values.
- ! . 0,
29 2-Propylfuran 4229-91-8 0.11 ppb 1 ppb 2.82% 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
L Up to 0.8% of OEL for inlets and
4 A | 75-05- 1. 2 .001%
3 cetonitrile 5-05-8 89 ppm 0 ppm 0.001% 9.5% of OEL for outlets
i Up to 0.4% of OEL for inlets and
P | 107-12- .054 . 9
35 Propanenitrile 0 0 0.0540 ppm 6 ppm 0.003% 0.9% of OEL for outlets
Up to 0.2% of OEL for inlet
36 But itril 109-74-0 0.0185 8 0.003%
utanenitriie ppm ppm ? values. All outlets <0.004%
o Up to 0.2% of OEL for inlet
37 Pent tril 110-59-8 0.0113 6 0.003%
entanenitriie ppm ppm ° values. All outlets <0.008%
. Up to 0.05% of OEL for inlet
38 H tril 628-73-9 0.0028 6 0.003%
exanenitrile ppm e % 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
2 E -04- 1181 .103%
42 Ethylamine 75-04-7 0.181 ppm 5 ppm 0.103% X values. Al outlets <DL
Nitrosamines
. . . Up to 134% of OEL for inlet
| - - 0y
43 N-Nitrosodimethylamine 62-75-9 0.40 ppb 0.3 ppb 11.7% 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%
ftrosodiethylamine 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
ftrosomethylethylamine PP PP : values. All outlets <DL
. . Up to 18.3% of OEL for inlet
46 N-N hol -89-2 11 . .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%
Sl Eh A A b ppm ppm ; 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 COPCs listed in Table 1, ammonia, 1,3-butadiene, NDMA, and NMEA had detected (cartridge
inlet) concentrations greater than their OELs. Eight additional COCPs—mercury, 3-buten-2-one,
2,3-dihydrofuran, 2,5-dihydrofuran, 2-methylfuran, 2-propylfuran, N-Nitrosodiethylamine (NDEA),

and N-Nitrosomorpholine—had inlet concentrations greater than 10% of their corresponding OEL

(see COPCs highlighted in yellow in Table 1). This section provides more detail on these 12 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 DRI Measurements of Ammonia Concentrations after the Outlet of the SCOTT
7422-SC1 Respirator Cartridge Tested
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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 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/m*). 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 value could indicate the
beginning of breakthrough after 14 hours for the SCOTT 7422-SC1 cartridge.
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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 reporting limit (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 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.

54



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." Neither cartridge showed evidence of breakthrough above 10% of the OEL during
the duration of the test.

0.050 25%
B SCOTT7422-5D1IN - 'E
E 0040 SCOTT 7422-5D1 EF | - 20% B
(=™
E ] Apprnx 0L | :.E
£ 0030 - - = - 15% §
s s =
5 8
E 0.020 - 10% @
- 5
.E o
= 0010 - - 5% &
< g
<
0.000 - 5--?-{4- £+ - L.l-----@-m - 0%
0 2 6 8 10 18
Run time [huur'_i
0050 5%
I ® SCOTT7422-5C1IN 5
E 0.040 SCOTT 7422-SC1EF e - 20% -E
(=™ ™
= | = = = Anprox. DL =
-E 0.030 - 15% §
i ==
g £0
E 0.020 - 10% @
@ 5
E o
= o010 5% B
< 3
-4

o)
0.000 Q—-?--%-—e—-e-—ﬁ—--—-ﬂ 0%
0 2 a8 10 12 14 16 18
Run time (hour)

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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2,3-Dihydrofuran (see Figure 6) — 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 6. Plot of Measured 2,3-Dihydrofuran Concentrations before the Inlets and after the Outlets of
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2,5-Dihydrofuran (see Figure 7) — The DL for 2,5-Dihydrofuran corresponds to approximately 2.3% of
the OEL. Outlet values were consistently below the DL with one exception for SCOTT 7422-SD1 where
the 12-hour sample measured 3.09% of the OEL (0.03 ppb). For both respirator cartridges, three of the
four inlet values were greater than the DL (up to 20.7% of the OEL). The first inlet concentration
measured for SCOTT 7422-SD1 was 20.7% 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.
Inlet concentrations for SCOTT 7422-SC1 were 14.2% and 16.3% 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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2-Methyfuran (see Figure 8) — The DL for 2-Methylfuran corresponds to approximately 2.0% of the
OEL. Outlet values were consistently below the DL, with the exception of the final measurement at the
16-hour mark for SCOTT 7422-SD1, where a concentration of 4.4% of the OEL (0.04 ppb) was
observed. The inlet values for both cartridges ranged from 9.12% to 12.3% of the OEL. Based on the
outlet measurements, there is no evidence of breakthrough for the SCOTT 7422-SC1 cartridge. The last
elevated outlet concentration for the SCOTT 7422-SD1 cartridge could indicate the beginning of
breakthrough, or analytical variation.
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noted with | indicates measurements less than the DL or RL.

5.8



2-Propylfuran (see Figure 9) — The DL for 2-Propylfuran corresponds to approximately 2.8% of the
OEL. All of the 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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N-Nitrosodimethylamine (see Figure 10) — The DL for NDMA corresponds to approximately 11.7% of
the OEL. All of the respirator outlet measurements were below analytical DLs. For both respirator
cartridges, all of the 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.

4.5E-04 150% __
—
4.0E-04 B B SCOTT7422-SD1IN 133% 8
£ 35604 O SCOTT7422-SD1EF 117% o
= S
S 3.0E-04 — — ~ Approx. DL 100% G
2 E
£ 2.5E-04 83% T
= Q
Y 2.0c-04 67% %
= T
S =
S 1.5£-04 50% g
=
% 1.0E-04 - 33% S
< £
5.0E-05 17%
- - - -B--3--3F - s
0.0E+00 Ii:‘ -? ? ?_ ? f If -5;' 0% <
0 2 4 6 8 10 12 14 16 18
Run time (hour)
4,5E-04 150%
4.0E-04 ® SCOTT7422-SC1IN 133% g
€ 35604 O  SCOTT 7422-5C1 EF 117% %
j=9 c
S [=]
-— = - 0, e
5 3.0E-04 Approx. DL ° 100% g
T 2504 83% £
o
5 o, g
@ 20E-04 67% 2
5 ¢ d
S 1.5E-04 50% €
Y
; Q
=  1.0£-04 33% §
< :
5.0E-05 17%
AR A A A A A 3
1)
0.0E+00 W W W A/ N4 W W W 0% &
0 2 4 6 8 10 12 14 16 18

Run time (hour)
Figure 10. Plot of Measured N-Nitrosodimethylamine 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.

5.10



N-Nitrosodiethylamine (see Figure 11) — The DL for NDEA corresponds to approximately 24.4%

of the OEL. All of the 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 SCI1, 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 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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Figure 11. Plot of Measured N-Nitrosodiethylamine 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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N-Nitrosomethylethylamine (see Figure 12) — The DL for NMEA corresponds to approximately 9.9%
of the OEL. All of the 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 12. 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-
SC1). Data points noted with | indicates measurements less than the DL or RL.
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N-Nitrosomorpholine (see Figure 13) — The DL for N-Nitrosomorpholine corresponds to approximately
3.6% of the OEL. All of the 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 Site-Wide Industrial Hygiene Database 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 ten COPCs:

e Ammonia, mercury, and N-Nitrosodimethylamine (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.

e Furan maximum inlet concentrations from cartridge testing were measured at approximately 4.5% of
OEL, which is significantly lower than historical headspace analysis where reported concentrations
exceeded 1000% of 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.

¢ 1-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 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 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 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
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 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 more 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 OEL. A single, more recent
headspace analysis result reported a concentration of only 3.6% of OEL.

Table 2. Historical Tank BY-108 Headspace Data for COPCs with Boiling Points less than 70°C
(158°F)

. . 1
Historical Measurements

Measurements in this Study

. Occupational .
COPC Number and CAS BO|!|ng Exposure # of Max. |Average Max. | Average| Max Inlet | Highest \I.alue
Name Number Point Limit Values | Value | Value Value | Value Value from Respirator
°F) (OEL) (% OEL) | (% OEL)| (% OEL) | Outlet (% OEL)
. . 1 1.8 1.8 3.6% 3.6%
2 Nit Oxid 10024-97-2| -127 50 Not M d
trous Bxide PPM | 40 | 831 | 545 | 1662% | 1090% ot Vieasure
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 0.53 0.53 530% 530% Not Detected - TIC
14 Formaldehyde 50-00-0 -6 0.3 ppm 1 0.00381|0.00381| 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 3.38 1.7 338% 170%
4 1,3-Butadi 106-99-0 24 1 1389 2689
SPutadiene PPM 1 31 | 338 |o0174* | 338% | 17%* % %
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 F 110-00-9 88 1 ppb 4.9% 1.3%
uran PP 6 547 | 110* |54700% |11000%* ° °
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 12.3% 4.4%
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 20.7% 3.1%

! 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 tube.
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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 conduct independent analysis of the analytical
results, and make recommendations based on the results for respiratory cartridge performance and
change-out frequency.

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:

¢ Based on measurements of the cartridge inlet vapor concentrations from tank BY-108, four
COPCs—ammonia, 1,3-Butadiene, NDMA, and NMEA—exceeded their OELs. Eight additional
COCPs—mercury, 3-Buten-2-one, 2,3-dihydrofuran, 2,5-dihydrofuran, 2-methylfuran, 2-propylfuran,
N-Nitrosodiethylamine (NDEA), and N-Nitrosomorpholine—had inlet concentrations greater than 10%
of their corresponding OEL.

o Ammonia inlet concentrations during the testing reached 479 ppm, comparable to BY-108 headspace
measurements previously obtained.' The apparent breakthrough 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 for both of the cartridges tested. The observed
breakthrough time for the SCOTT 7422-SD1 cartridge was after 2 hours and the breakthrough time for
the SCOTT 7422-SC1 cartridge was after 4 hours.

e Outlet concentrations for mercury, 3-Buten-2-one, 2,5-Dihydrofuran, and 2-Methylfuran 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 OELs. These observations do not conclusively indicate breakthrough
for any of these COPCs.

o All other COPCs had outlet concentrations less than detection levels, suggesting no breakthrough at the
measured levels.

! Comparison was made to the most recent BY-108 sampling and analysis (2008-2009) available from the SWIH
database at the time of this report.
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e Despite the breakthrough of both ammonia and 1,3-Butadiene, no breakthrough was observed through
14 hours of testing for any of the other COPCs with inlet concentrations that exceeded 10% of their
OEL, including nitrosamines, furan and substituted furans, and mercury.
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8.0 Recommendations

e Based on the measurements taken for this study, breakthrough occurred early in the test sequence for
ammonia and 1,3-Butadiene. The ammonia breakthrough alone 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 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..

e 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 are also 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, 2,3-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 as a means to comprehensively test respirator cartridge performance with actual
Hanford tank headspace gases. The system was designed to draw vapors from a tank or exhauster and
flow the vapors through the respirator cartridge being tested.[13,14] The test equipment allows for
sampling the vapor stream both before and after the cartridge, so that 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 pressure to draw
tank gases/vapors into the unit so that 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, the COPCs are essentially captured/removed by either the sorbent tubes or the respirator
cartridge.[13,14]

Flows through the respirator cartridge and through each sorbent tube are 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. All equipment connections were leak tested
prior to initiation of the test. Temperature, relative humidity, and pressure of the inlet gas/vapor stream
are 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 were incorporated
into the design 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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Figure A.2. Photographs of the Respirator Cartridge Test Equipment
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Appendix B

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-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-226-010ffsite
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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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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/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 detection limit (DL) varied among analytical laboratories. The term RL (equivalent
to a limit of quantification) was used instead of a 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 (TICs).

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).

‘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.

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).

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 (A1).

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.xIsx 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.xls.” The information is shown in the tables provided in this appendix.
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The raw analytical data for chemicals in each category are summarized together. Examples of chemicals
in each category follow:

SVOC (or SVOA): Biphenyl, Diethylphthalate, Tributyl phosphate, Dibutyl butylphosphonate,
Dodecane, Hexadecane

SVOCTIC (or SVOATIC): Undecane, Cyclotetrasiloxane, octamethyl, Decamethlycyclopentasiloxane,
Dodecane,4,6-dimethyl

VOC (or VOA): 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

VOCTIC (or VOATIC): 2,6-Dimethyldecane, Decane, 2,3,5,8-tetramethyl-, Decane, 3,7-dimethyl-,
Methenamine, Undecane, 2,6-dimethyl-

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

Mercury: Mercury

Ammonia: Ammonia

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

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

Nitrosamines: N-Nitrosodimethylamine.
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First Cartridge, or Survey 1 - B¥-108 - 28 Lfmin through main respirator

I Inflsent- Pre ARer Sample Taken
[Rrading UOM | Baseline | A B C D E F G H
Temperature F 763 | Ba7 | 87 | EB3 | B4 | 766 | 0.9 | 71 | 655
Pressure Tess 7335 | 9.7 | 7206 | 7mg | 72 | 70 | 7aea | 7236 | 71
Relative Humidity 5 8.4 B | #08 | 475 | ama | ga6 | 752 | 725 | m2
HH3 ppm
VoL ppm
Influent - Post After Sample Taken
Aeading Uoh | Baseline | A B € ] E 3 G H |
Temperature ; 839 | 874 | =83 | #a1 | 874 | 700 | 07 | 68 73
Pressure Tear TAEG | 7i9 | 7107 | 7na | 7a2 | 74 | 7nan | 7235 | 7aia
| Relathee Humidiey % 34.4 4549 a4 48 4E4 4.3 763 | 786 | VR4
HH3 prpen goe | 99 | 99+ | 99+ | 99s [ o | ami | 69
vor__________ | PP FERRR) A3 ] A7 | I8l ] iR | 251 (R S e
EMluent - Pre Sample Taken_
Arading YoM | Baseling | A B [= o E F [ H
Temgperatune F "5.6 | 819 | 802 | 913 | 893 | 72 | 718 | 696 | 664
Presiure Tess 3736 | 3869 | 3838 | 4004 | aond | 2806 | 3943 | 3238 | 385
[retative Humidity % 45,3 74 | 456 | a3 | aza | a72 | s0a | s26 | sea
HH ppm
ppen
uom (3 H
Temperature ; 812 | BAG | 921 | S08 | 893 | 725 | 694 | 678 | 66
Pressure Torr | #00.7 | 4064 | 449 | 406.6 | 401 | 4006 | 400 | 308.6 | 4002
Relative Humidity % 304 | 448 | 429 | 433 | 434 | 522 | 52 | 563 | s64
| ELLiE ppm F.r S5 Gifle Fr ol L b 5+ 95
Jvoc ppm g7 | 176 | 223 | as | 252 [Reas]saces]iany
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ALS

Robert (Buddy) Sesa
‘Washington River Frotection So
PO Bawx 850, MSIN TE-02
Richland, WA SE353

Analyfical Resulis

ANALYTICAL REPORT

Report Diate: July 26, 2016

Phone: (509 373-1262

E-mail: rebert_w_sosaid.gov
20162094

Workorder: | 34-1620245 |
Client Project ID: CARTRIDGE EVALUATION
Purchase Order;: 55502 Reld
Project Manager: Rand Polter

Sample ID: S16T021172
Lab |0 1620245001

Collected: OFM1502018

Sampling Location: CARTRIDGE EVALUATION Recthed: V2002016

Method: Amines-VO& Aliphatic VAS-1 Mediac SXC 226-08 XAD-T Tube Anatyred; 07252016
B0 Dy [(MBOy Chioride]
Sampling Parameter: Alr Volumae Not Provided
Result
Andalyte fug sample} Resull {mgim?) Resuli (ppm) AL (ug/sample)
Cimathylamin 0.21 HA NA 0.10
Ethvylamine 0,43 A, A, A1
Methaminge 3.9 I, A 010

Sample |0 S16TO21474
Lab ID: 162024500k

Collected: OVMS2Z016

Sampling Location: CARTRIDGE EVALUATION Recened: 072002018

Tethiod: Amines-VOA Allphatic VAA-1 Media: SXC 22606 XAD-7 Tube Analyzed: OT/25/2016
B0/ D0 [{MBDY Chicride]
Sampling Parameter: Alr Volume Not Provided
Resuit
Analyie {ug/sample) Result {mgim) Result [ppm]  BL (usisample)
Cimeéhylamine =010 WA, i (iR i}
Ethytamine <010 A A b1
Methylanung .10 NA MA 0.10

Sample ID: S1ETO24175
Lab 10 162302450003

Collected: 071152016

Sampling Location: CARTRIDSGE EVALUATICN Recensd: 07202018

Tilethveed: Armines-Vo8 Aliphatic VAR-1 Piediac SXKC Z26-06, XAD-T Tube Analyzed; 72016
E01 00 [(MEDY Chicrida]
Sampling P = Wi M
Resul

Analyte [ugy sample) H.I:l-l.ﬂ[n?ﬂ Rasult (ppm) HLWII‘I“:HI!

Cimashylaminge ), 10 NA, MNA D10

Ethylaming <010 MA A D10

Mathyleming =i}, 10 L) M .49

ADDRESS Bi0 waar Lovoey Drive, 528 Lace Cip, Lian, 84023 USA | FOME « @01 266 TT0D | FAX +1 800 DEs Wl
AL CROLP LPA, CONRP,  ien AL Lin D) Compary
Fis www.alsglobal.com
PSR T B L T IR i AR

Pago 1048 1w_ur:3m'ﬂlgl-u s HREP-VIZ R
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620245
Clent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Poltar

Sample ID: 316TOZ117E
Ly 10 1620245004

Sampling Location: CARTRIDGE EVALUATION

Collacied: 07M52016
Recetved: 07202016

Methvod: Armdnes-Vi0R Allphatlc Vi1

Media: SKG Z28.08, XAD7 Tube
50/100mg [{NBD) Chirida]
‘Eﬂlm Paramelen Al Volume Nol Provided

Analyred: 0725018

Resull
Anabyie Result {mgim’} Resuli jppm}  RL {ug'sample)
Dimellzyiomine ... MR A 019
Ethylanmine <0.10 MA A, 0.10
Ik byl v =0, 10 MA LA 040

Sample |D: S16TO21177
Lay 10 1G24 5005

Sampling Location: CARTRIDGE EVALUATION

Collected: 071520016
Recetved: 072002014

Itetivodd: Amdnes-yoel, Allphatic Vask-1

Media: SKC 22638 KADT Tube

Analyzed; 07252016

50/ D0mg [NED)
Sampling Parameler Alr Volume Nol Provided
Result
Anahyte Rzt (mainn) Result (ppi)  RL (ug'sample)
Cimeftrylaming =010 A A, QAD
Ethylaming =010 Pl A, 010
Mt byl mming =010 Bl P&, 040

Sample ID: S16TO2117E
Lab 10: 1620024 2006

Sampling Location: CARTRIDGE EVALUATION

Collacted: 07182016
Recerved: O7L2002014

Ihethiod: Asvine&-VOA, Allphatic VAR-1

Media: SKC 22686, XADT Tube

Analyzed; (FRGEE01E

S0/ 00mg [INED) Chiornde]
Sampling Parameter; Alr Violume Not Provided
Result
Analyte (g sanipie) Resull (mgin Result (ppm)  RL (ug'sample)
Dymetiylaming =110 [ Lo A, 010
Ettlaming =0, 10 Ma A, 010
Wt gl arrin =), 10 i [ 010

Sample ID: S16T0Z21178
Lty 10x: 1520245007

Sampling Location: GARTRIDGE EVALUATION

Collected: 07M132MG
Recerved: OVR202016

hethvod: Amidnes-V0l Al phatic Va1

Media: SKG 226-98, XAD-T Tube

Analyred: 07252016

Sampling Parameter. air uﬂ"'ﬁ!‘.ﬁ.“’my'
Result
Analyte (oisample)  Resultmgiw)  Resull ppm)  RL (ug/sample)
Dimetiylaming <010 HA MA 010
Ethylaming =010 ) A 010
Methylarmine 0,10 A m o.1e
e ‘m s IHRER- 1 3
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ALS

Analytical Results

ANALYTICAL REFPORT

Workorder: | 34-1620245
Cent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potlar

Sample ID: S16TOZ1180
Ly 10 16200245008

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: 07152016
Recetved: 07202016

Metbvod: Armdnes-V08 Allphallc Va1

Media: SKG Z28.98, XADT Tube
50/100mg [{NBD) Chiarida]
‘Eﬂlm Paramele: Al Volume Nol Provided

Analyred: 072518

Result
Analyte Result (mgim) _ Result (ppm) _ RL (ug'sample)
Dimathylamina =010 [l & 0.0
Ethylemine <010 A N 010
Wk byl i =010 A RA 0.10

Sample 100 Z16TOZ1181
Lab 10 16024 5006

Sampling Location: CARTRIDGE EVALUATION

Collected: 071520016
Recetved: 072002014

tetivodd: Amdnes-yCel, Allphatic Vadk-1

Media: SKC 23638 KADT Tube

Analyzed; 07252016

B0/ D0mg [{NED)
Sampling Parameler Alr Volume Nol Provided
Result
Anahyte Rzt (main) Result (pgin) AL (ug'sample)
Cimestrylaming =010 A A oAD
Ethylaming =010 Pk A, 010
Mt byl mming =010 P, P&, 010

Sample ID: S16TO21182
Lab 10: 16200245010

Sampling Location: CARTRIDGE EVALUATION

Collected: 07152018
Recerved: OFR2002016

Ihetheod: Amving VoA Allphatic VAR-1

Media: SKC 22686, XADT Tubs

Analyzed; (FRGE01E

5001 00mg HINED) Chianda]
‘Bampdineg Parameter Al Viodume Not Provited
Result
Analyte (U sample) Rsull (mgin Result ippm)  RL fugisanple)
Dymetiylamine =010 H& MA 0.10
Ethlamine =010 A A 0.10
et byl armiing =0, 10 Py A, 010

Sample 100 S16TOZ1183
Lay 10 1620245011

Sampling Location: GARTRIDGE EVALUATION

Collacted: 0752016
Resehved 07202016

Ihethvodd: Armidnes-V0l Allphatic Va1

Media: SKG 226-98, XADT Tube

Analyred: 0725016

amipling Pararaatir: Alr VGkana WOk Prouidad
Resuit
Analyte (gisample)  Result(mgihw)  Resull ppr)  RL (ugisample)
Dimetylaming <010 A MA .10
Ethylaming 020 ) L) 010
Methylamine 057 A MA o.1e
[ ‘m*‘ IHRER-V 1 3
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ALS

Analytical Results

ANALYTICGAL REPORT

Workorder: | 34-1620245
Clent Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

Sample ID¢ S16TOZ1 184
Ly 10 1620245002

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: 07152016
Recered D7/2020M6

Methvod: Armdnes-Vi08 Allphatlc Va1

Media: SKG Z28.98, XAD-7 Tube
50/100mg [{NBD) Chiarida]
‘Eﬂu Paramele Al Volume Nol Provided

Analyzed: 077252018

Result
Analyte Result (mgim) _ Result ppm) _ RL (ug'sample)
Dimathylamina =010 i & 010
Ethylemine <090 NA Na 010
ek byl i =010 A A 0.10

Sample 100 Z16TOZ1185
Lab 10 1620245013

Sampling Location: CARTRIDGE EVALUATION

Collected: 071520016
Recehved: 072002014

Mtetivodd: Amdnes-yoel, Allphatic Vadk-1

Medla: SKC 236-38 KADT Tube

Anabyzed; 07252018

601 00mg [(MED)
Sampling Parameler Alr Volume Hol Provided
Resullt
Anahyte Rt (main) Result (ppin)  RL (ug'sample)
Cimestrylaming =010 A A, o.AD
Ethylaming =010 Pk A, 040
Mt hylmming =(0,10 s P&, 010

Sample ID: S16TO2118E
Lab 10: 1620245014

Sampling Location: CARTRIDGE EVALUATION

Collected: 071182018
Received: 0772002018

Iibetived: Amines=VoR, Allphatic VAA-1

Media: SKC 22686, XADT Tubs

Analyzed; (FREE201E

S0100mg [NELD) Chionda]
Sampding Parameter; Air Volume Not Proviged
Result
Analyte (e sampie) Result (mging Result ippm)  RL (ug'sample)
Dametiylaming =(.10 MA A 010
Ethlaming 014 [ A o.10
et eyl arminne 0.4% P Pl 010

Sample 100 S16TOZ1187
Lab 10 1620245015

Sampling Location: GARTRIDGE EVALUATION

Collacted: OFAGZ0G
Resetved 07202016

Iethvod: Amidnes-V08 Allphatic Va1

Media: SKG 226-98, XAD-T Tube

Analyred: 07252016

Sampling Parameter. air mmmnmgdl
Result
Analyte (gisample)  Resull(mgi)  Resull ppm)  RL (ug/sample)
Dimethylaming <010 A MA 010
Ethylaming 048 ) L) 0.0
Methylamine 0,10 A m 0.0
[ ‘m = IHRER- 13 3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620245
Clent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

Gample ID: S16TO21188
Ly 10 1620245016

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: O7MB2016
Recetved: 07202016

Whethod: Armdres-Vi0R Allphatlc Va1

Media: SKG Z26-96, XAD-T Tube

Analyred: 077252018

50/100mg [{NED) Chicside]
Sampling Paramelen: Alr Volunme Not Proded
Result
Analyte Result (mgim) _ Result (ppm) _ RL (ug/sample)
et = £t s AL
Ethylaming <010 NA NA 0.10
ek byl i =010 MHA A 0.10

Sample ID: S16T021188
Laty 100 1245007

Sampling Location: CARTRIDGE EVALUATION

Collected: 07162016
Recetved: 072002016

tetivodd: Amdnes-yoel, Allphatic Vadk-1

Media: SKC 226-38 KADT Tube

Analyzed; 07252016

501 00mng [(MED)
Sampling Parameler Alr Volume Nol Provided
Result
Anahyte Rt (magin) Result (ppnt)  RL (ug/sample)
Cimeftrylaming =010 A A, QAD
Ethylamine =010 M A, 0.10
Mt hylmming =(0,10 P, P&, 040

Sample ID: S16TO21160
Lab 10: 16200245018

Sampling Location: CARTRIDGE EVALUATION

Collacted: O71ER2016
Received: 0772002018

Ihetheod: Mg 5-VOA Allphatic VAR-1

Media: SKC 22686, XADT Tubs

Analyzed; (FRE201E

S0/ 00mg [INED) Chioride]
Sampling Parameter; Alr Violume Not Provided
Result
Analyte ey sanple) Resull (mging Result (ppm)  RL (ug'sample)
Dymetiylaming =010 [ Lo A, 010
Ethlaming 20,10 Ma A, oA
et arin =), 10 i Pl 010

Sample 1D S16T0Z1181
Lat 10 1620245019

Sampling Location: GARTRIDGE EVALUATION

Collected: 0716206
Recerved OVR202016

hethvod: Amidnes-V08 Allphatic Va1

Media: SKG 226-98, XAD-T Tube

Analyzed: 077252018

aminiing Pararastir: Alr Vakana Hot Provides
Result
Analyte (gisample)  Resull (mgh)  Resull o) RL (ug/sample)
Dimetiylaming <010 HA MA 010
Ethylaming =010 ) L) 010
Methylamine 0,10 A m oo
—— "m*‘ IHRER- 13 3
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ALS

Analytical Results

ANALYTICGAL REPORT

Workorder: | 34-1620245
Clent Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potlar

Sample ID: S16TO21162
Ly 10 1620245000

Sarmpling Location: CARTRIDGE EVALUATION

Collacted; OTMGR2016
Recetved: 07202016

Mhettvod: Armdres-Vi08 Allphatlc Vi1

Media: SKG Z28.98, XADT Tubs
50/100mg [{NBD) Chiaride]
‘Eﬂlm Paramele Al Volume Nol Provided

Analyred: 077252018

Result
Anabyie Result {mgim’} Resuli (ppm}  RL fug'sample)
Dimalizyiomine =010 HA A 819
Ethylanmne <0.10 MA A 0.10
Ik byl s =0, 10 M& LA 040

Sample ID: S16T021193
Lab 10 VG024 5001

Sampling Location: CARTRIDGE EVALUATION

Collected: 071620016
Recetved: 072002014

tetivod: Amdnes-yoel, Allphatic V-1

Medla; SKC 22686, KADT Tube

Anabyzed; 07252016

B0/ D0mg [INED)
Sampling Parameler Alr Volume Nol Provided
Resull
Anahyte Rt (magin) Result (ppni)  RL (ug'sample)
Cimestrylaming =010 WA, A, QAD
Ethylaming =010 Pk A, 010
Mathylamine =010 Ha hL&, 0.0

Sample ID: S16TO21104
Lab 10 1620248022

Sampling Location: CARTRIDGE EVALUATION

Collected: 0711620018
Receved: 0772002018

ibetived: Amidnes-VoR, Allphatic VAA-1

Media: SKC 22606, XADT Tubs

Analyzed; 07016

S0v1 Dmg HNELD) Chianda)
Sampling Parameter: Ar Volume Not Provided
Result
Analyte (e sampie) Resull (mging Result ippm)  RL (ug'saniple)
Dymetiylaming =110 [ Lo MA 010
Eitylaming =0, 10 Ma A, oA
Wit arrine =), 10 i [ 010

Sample 100 S16TOZ1185
Lab 10 1620245023

Sampling Location: GARTRIDGE EVALUATION

Collacted: OFMGRZ0G
Resetved 07202016

Ihethvod: Amidnes-V0d Allphatic Va1

Media: SKG 226-98, XAD-T Tube

Analyred: 077252016

amupling Pararastir: Alr Vkana Hot Proutded
Result
Analyte (ogisample)  Resultmgiv)  Resull ppr)  RL (ugisample)
Dimetylaming <010 HA MA 010
Ethylaming =0, 10 ) L) 010
Methylarmine 0,10 MA m 0.0
[ ‘m*‘ IHRIER- 1 3
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ALS

Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620245
Clent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample ID¢ S16TO21 196
Ly 10 1620245024

Collacted: OTMB20ME
Sarmpling Location: CARTRIDGE EVALUATION Receted: 07/20/2016

Mlethvoel: Armdres-V 00 Allphatlc Va1 Media: SKG 226-896 XAD-T Tube Analyred: 0725018
5041 D0mng [(NBD) Chiarida]
Sampding Paramelen Al Volunme Not Proded
Resull
Anabyie Resuli {mgim’} Resuli jppm}  RL fug'sample)
Dimellziomine =10 MR NA .19
Ethylanming 0. MA A, 0.10
Wk byl i .30 M, 8 040

Sample ID: S16T021187
Loty 10 VG245

Collected: 071620016
Sampling Location: CARTRIDGE EVALUATION Recetved: 072002016

Methvodd; Amdnes-yol, Allphatic Vask-1 Media; SKC 22696, XAD-T Tuba Anabyzed; 07252016
60/ D0mg [NED)
Sampling Parameler Alr Volume Nol Provided
Resullt
Analyte Rl (miaginn) Result (pgi)  RL (ug'sampe)
Cimeftrylaming =010 WA A, Q.AD
Ethylaming =010 Pl A, 010
Mt hyl mming =010 s P&, 040

Sample ID: S16TO21108
Lab 10 1620024 5006

Collected: 07182018
Sampling Location: CARTRIDGE EVALUATION Recehed: OT/20020M4

ibetived: Amines-Vos, Allphatic VAA-1

Media: SKC 22686, XADT Tubs Analyzed; 0TRE016

5001 00mg [NED) Chianda]
Bampding Parameter Al Vodume Not Proviced
Result
Analyte iy sanple) Rsull (mging Result (ppm)  RL (ug'sample)
Dymetiylaming =010 MA A 010
Ethlaming =0, 10 & A 0.0
Wit gl i =), 10 i Pl 010

Report Authorization ((5fis an elecronic signature that camplies with 21 GFR Part 11)

Mettiod Analyst Peer Review
134 Danviel Tovynor 15F Thomas Bosch
Ame-NVIA Aphatic VAA-1 O7I262016 1227 DI26R016 1337
Laboratory Contact Information
ALE Emvironmental Phone: (801) 2567700
60 W Lovoy Drive Email: alsh labg@AL SGiobal com

Salt Lake City, Ukah B4123

Winh: wiwnvalssle com

Pyl T 8

‘I IE-.-.»". ey 12 IHRER-V 1 3
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ALS ANALYTICGAL REPORT

Workorder: | 34-1620245
Clent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

General Lab Commeants

Thie results previded in this report relate cnily o the tems tested.

Samples were received in acceptable condition unless ctherwise noted,

Samples have not besn blank comected unless otherwise nobed.

This test report shall not ba reproduced, except in full, without wnitten approval of &415.

ALE provides professional analical serdces for all samples submitted. ALS is not in o position bo interpsel the data and
asswmas ned rsponsibility for the quality of the samples submited,

Al quality contrel sample s processed with the samples in iz report yielded acceptable resulks unless sthersize nobed.

ALS is acohedibed for spocilic Baldes oftesting (scopes) in the fllawing testing sectars. The qualkty system implemented 8t ALE
confonmrs to sccreditation requirements end is appied io ol anakticel iesting performed by ALS, The following teble sts testing
sactor, accreditation body, sconeditation number and websits, Fisaze contact these sccrediting bodies or your AL 5 project

manage: for the current scope of accreditation that applies fo your snalytical testing

Testing Sector Accreditsion Body Certificate Website
(St andard) Humber
Ermargrmapntal ACLARS (0wl ELAP § A N g A aolassoorp com
L (ELRIC ) CwaT i FRlE il N of i (et Diiasunmipd
Muvpds LIT CoeaCes hitp Mindap v goabs dvalabssnsces him
Dilghgmn IO Flp Aoy deg Shabe loyusA S0mew
Iy LAd 3TH Tl APy sl ecoa I s IR AR el gl b e o
Flonda [THI]) EETIDET Pl Aewsy dag shals A usabsberssasiga’
Tomas [THI) TIT04450-11=1  hilp Ay foaq exas gl drgafiel_aocred_cortxl Rimi
Indusingl Hypens AHALAP, LLC (50 17025 0nd BOISTE Pt vy pingacirediadpbg org
AIHALAP, LLT HLAPELL AF)
Ll Tispbing
R ACLASE (150 17035, TPEC) ADE 18 1) Pl Py BEABREL0T Clam
Soil, Cursl Padng Sir AIHALAP LLC [BS0 1T02E FOISTL R Ay sibaaccrediadiaba org
AlHALAP, LLC BLLAP and
HLLAR)
Cawtary Supplemants ACLASS (150 17035 ADE 14 T bt A BolEssoorp. com
Definitions:

LOD = Lirnit of Dataction = MDL = Mathod Detection Lirt, A sististical astimate of mathod'me diaineiniment sensitivity,
LOG = Limit of Cuaniitation = AL = Reporting Limit, & verifed value of methedmedininsirumant sensitiity.

MWD = Not Detected, Testing result not detedied shove the LOD or LOD.

BA = Mot Applicable.

** Ho result could be reported, see sasmple comments for details.

= Thit 18 eting result is lass than the rumeancal valia.

{1 This testing result is bebvaen the LOD and LOG and has higher anakytical uncertainty than values at o above the LOC.

ALS Ervvmionmental cenlifies this analylical repar is in comphance with the Hanford SOW, bath
technically and for compleleness. Release of the data confained in this report has been sledronically
authorized by the foflowing laborat ory representative:

Page B.of & BT %, TIrIeE 10 P IHREF- V12 3

C.218



Quality Contral Sam ple

Batch Report
ALS
P
Workerder: 1620245
Limits: HisloacalParlinmands Proparation: N& Arsalynisc H Alphole: Arnanid
Baain; &5 Labormiony Gromg Bach: M Bareh: M350 HEM 173448)
Propared By- b, Aradyzed By: David Teynor
LME:; S0GG6a1
Analyzed: G018 0000
LUnite: ugsampe
Analyts Pesu] MoL| RL
Cumaigt amins: M3 TN O 1
F.:rq.i.nml: HE; [T TR ]
Ml mirs ML Ha, L' 1W|
LMB: Sieog
Anntymed: QT2 16 00000
Units: ugsampe
Analyts Aeaui] MDL Pk
Ches S i :g [T 0 10|
Eclamine P o104
MetdaTire HE I o 10a|

LCE:; 509892
Ananyed: 0772572016 00000
Gihetion: 1

LCED; Rogng2
Analyred: 07252016 00000
Dihstion: 1

Units: Lgtshmpe Units: ug'sampe
Analyte } Resut|  Target] %Reo| GCLimits Result| % Rec] RPD| GCLimits
Démaliypl=irs | 200] aon] eo4 1) 16 sl el on] mo
Etiylamirn .08 2o0] séo] 400] eea0 R T T T T
M ety 152 200]  wie] eon| oo E7 IR Y D T
LES: 500695 LESD: 500006
Anshyzed: 0TFI/ 016 00 Analyzed; OT/Z5/H)16 04 00
Dilution; 1 Dilutien; 1
Uinite: ugisampe nits:
Anaiye Resan]  Targe] wkes] GG Limins ﬁ % R GC Limits
Comayiamins 179 I EEIEDED K B R I D
Efirplarirss 145 200 7as| 4o oo 148 730 oest| ool 200
Mo 1.59] 200] rao] 40| w00 = L BEE L ED
@€ Report Authorization (/57 is an electronic signature that complies with21CFR Part 11
:..-- P".- -
£ D Taynoe 54 Thamas. Bosch
0018 1221 OIAVENE 1337

& = Analyte above reporting it or outsice of conirol ks

Ak - Soereply rosl] o5 grepber than 4 Lmeees P Spioy gdded

I - Sampie and hibbi Dupbcale (41 Bhan © bmdd Bh fepoiming lend
i - Rl 15 b [he CRRDlicn range

Pags 1af1

PD + Mgl CopbeCind [
PER = L A AR

FFPD « R olatve 9 Differenos [Spd ! Spios Duplcate)
Grugiber a8co Nags anste o nol el pobed )

GC resul s e nof ikl ied For maoeskorn cormiclion, winmh s picably

uﬁ“ﬁ“ﬁ“‘-ﬂ% iﬂ 5 12
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ALS ANALYTICAL REPORT

Report Date: July 25, 2016

Robert (Buddy) Sosa Phone: (50%) 373-1262
Washington River Protection 5o
PO Bax 850, M5 TE-02 _
Richland, WA 88352 E-mail: robert_w_sasa.gov
204 82056
Workorder: | 34-1620244 |

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reltd
Project Manager: Rand Polber

Analyfical Resulis

Sample ID: S16TO021258 Collected: 071582016
Lab 1D 1620244001 Sampling Location: CARTRIDGE EVALUATION Receied: 072002016
Method: NIOSH 1608 Mediia; SKC 226040, Charcoal Tube Anabyred; 07212016
400/200mg
Sampling Parameter: Alr Volume Not Prowided
Resull
Analyte (mgl sample) Resull (mgim)  Result (ppm)  RL (mg/sample)
Agwkgretnle =0,010 IMA, L L]
Sample |D; S16TO21258 Collected: 07320106
Lab 1D 1520244002 Sampling Legaton: CARTRIDGE EVALUATION Recetad: 0702016
Method: NIDEH 1606 Miedia: SEC 22608, Charcoal Tuba Andlymed: DTG
4000H00mg
Sampling Farameter: Alr Volume Mot Provided
Rasult
Anahti gy sample) R st (mgim) Result (ppm]  RL (mgraample)
Acstoritrile =0,010 A bk Gd
Samphe |0 S16TO24260 Collected: 0752016
Lab 10 16202440003 Sampling Locaton: CARTRIDGE EVALUATION Réctiveed: OF 202016
Methed: MIOSH 1808 Media: SKC I2609, Charceal Tube Analyzed: OT20WH01E
400/Z00mg
EH‘NEH_'IH Pararmeter: Alr Volume Mot Prowvided
Result
Anahyte iy sample) Result (g Resull (ppm) KL {ig/s ample)
A wtgritnle =0,010 A, A L]
ADDRESS Bb0 Wear Loviy Drive, 308 Lace Cirp, Lian, B4013 USA | FHOME «) 801 266 TT00 | FAX «1 8O0 Des BSad
ALY CROLE LPgh, O, in AL E Lieningd Comparsy
www.alsglobal.com

FSLHT RO IR i Fraes

W L
Page 1947 jon, (RN 12 P HREP-VIZ &
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ALS

Analytical Results

ANALYTICGAL REPORT

'H'n'fnrka'd’u"l M-’IEEIH:-H'

Cient Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Sample 10: S16T021261
Ly 10 1620244004

Collacted: O7MS20ME
Sarmpling Location: CARTRIDGE EVALUATION Receted: 07/20/2016

Method: NIDSH 1608

Media: SKG 226-08 Chareoal Tube Analyred: 072 UHIE
400 200mmg
‘Sampling Paramelen Al Volume Nol Prodded

Result
Analyie wm lel{rrgnﬂ Resuli !ml‘l.'p H:Ltl'rglmqﬂﬂ
Arsbonitrile =001 M M& L]

Sample 10: $16T021262
Lat 10 16200244005

Colleched, O7ME2018
Sampling Location: CARTRIDGE EVALUATION Recered: 0772002018

Miethod: NIOEH 1606 Media: SKC 22608, Charcoal Tubé Analyred: OTR2UHIE
A 200
Bamipding Parameter Ar Vodume Not Prowided
Resull
Anatyte impisample)  Resuitimgni)  Result (bpm)  RL (mg'sample)
A stonirila 0o Pl P, LAy

Sample ID: 316T021263
Laty 10 1620244006

Collacted: 071520016
Sampling Location: CARTRIDGE EVALUATION Recened 07202018

Fbetivodd: MIOEH 1608

Media; SKC 22808, Charcoal Tube Analyzed: 072172016

Sampding Parameter. Alr Volume Hot Provided
Resull
Andiyie . Result (mginv’) Result (ppm) _ RL (mi)'sample)
Acehanitile <480 M, [, G0ng

Sample 100 S16TO21264
Lads 10 1620244007

Collected: O71020M6
Sampling Location: CARTRIDGE EVALUATION Recered 07202016

Method: NIOSH 1608

Media: SKC 226-08, Charcoal Tube Analyred: T2 UG
400/200mg
Sampling Parameter: Alr Volume Hol Provided

Resull
Analyte iy samga) Resull (mgim7) Rasull jppm)  RL (mgsample|
Acetonitrile <0G Pk s, [ToT

Sample 10; S16TO21285
Laly 10: 1620244008

Collecied, OVM12ME
Sampling Localion: CARTRIDGE EVALUATION Recetvad: OFR2002046

Method: NIOEH 1606 Media: SKC 22608, Charcoal Tubie Analyzed: 072102016
200 200mg
Sampling Parameter: Al Velume Not Proviged
Result
Analytr iy samgre) Result (mgim?) Result (ppm) AL (mg/sample)
Acebonitrile <} (H 0 Rl A 000
Pagn 3087 eyt 4 1 R IHREP- V13 3
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ALS

Analytical Results

ANALYTICAL REFPORT

W’nrkaﬂrl Miﬂiﬂiﬂl

Cent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Poar

Gample ID: S16TO21 266
Ly 10 16200244008

Collacted: O7MS20ME
Sarmpling Location: CARTRIDGE EVALUATION Receted: 07/20/2016

Method: NIOSH 1608

Media: SKG 226-08 Chareoal Tube Analyred: 072 WHIE
400 200mg
‘Sampling Paramelen Alr Volumme Not Prodded

Result
Anabyie iy samgple) Resull {mgm’} Result jppm}  RL (mg'sample]
Arsbonitrile =000 M M& [iLi]i]

Sample 10; $16T021267
Lat 10 16200244010

Collegled, 07152014
Sampling Location: CARTRIDGE EVALUATION Resened: 0772002018

Miethodd: NIOEH 1606 Media: SKC 22608, Charcoal Tuba Analyred: OTR2UHIE
S0 200
Sampding Parameter Ar Vodume Not Prowided
Resull
Analyte (mpisample)  Resuit(mgni)  Result (ppm)  RL (mg/sample)
| Ac stonitril & 0o P P, LAY

Sample ID: 316T021268
Laty 10 1620244011

Collacted: 071520016
Sampling Location: CARTRIDGE EVALUATION Recened, 07/202018

Fibetivoad: MIOEH 1608

Media: SKC 22608, Charcoal Tube Analyzed: 072172016

Acehanitile

Sampding Parameter. Alr Volume Not Provided
Resull
Result (mgim)  Result (ppm) _ RL (my'sample)
<480 A, [0 G0g

Sample 100 S16TO21269
Labs 10 16200244012

Collected: O71520ME6
Sampling Location: CARTRIDGE EVALUATION Recered OV202016

Iethod: NIOSH 1608

Media: SKC 226-08, Charcoal Tube Analyred: 72 UHIE
400/200mg
Gampling Parameter: Alr Volume Hol Provided

Resull
Analyte ime sample) Resull (mgim’) Rasull (ppm) L (mgisample)
Acetonitrile <0010 Pk s, [ToT

Sample 1D; S16TO212T0
Lab 10: 1620244013

Collecied, OVM12ME
Sampling Location. CARTRIDGE EVALUATION Recetvad: 072002046

Method: NIQEH 1606 Media: SKC 22608, Charcoal Tuba Analyred: 072172018
‘Garripding Param et er: Al Vislume Not Prosded
Result
Analyte i sample) Result (mg/m?) Resuli (ppm)  RL (mg/sample)
Acetonitrile <00 Pl Pk 0010
P o8 7 l [ ﬁ:ﬂartﬂ 15 ﬂ L HRER. V13§
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ALS

Analytical Results

ANALYTICGAL REPORT

'h'n'fnrkaﬂu"l M-’IEEIH:-H'

Clent Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample 1D S16TO21271
Ly 10 1620244014

Collacted: OTMG20ME
Sarmpling Location: CARTRIDGE EVALUATION Recerved: 077202016

Method: NIOSH 1608

Media: SKG 226-08 Chareoal Tube Analyred: 072 UHIE
400 200mg
‘Sampling Paramelen: Al Volunme Not Prodded

Result
Anahyte I sample) Resuli {mgim?) Result ippm)  RL {mg/sample)
Acatoritriles = 010 M M2, oMo

Sample 10: $16T021272
Lat 10: 18200244015

Colleched, O7ME2018
Sampling Location: CARTRIDGE EVALUATION Recered: 0772002018

Miethod: NIOEH 1606 Media: SKC 22608, Charcoal Tuba Analyred: OTR2UHIE
A0 200
Bampding Parameter A Vodume Not Prowided
Resull
Anayte (mpisample)  Resultimgni)  Result (ppm) _ RL (mg/sample)
Ac pbanitnl 6 o P P, LAy

Sample ID: S16TO21273
Laty 10 1620244016

Collected: 07/1682018
Sampling Location: CARTRIDGE EVALUATION Recened: 07/20/2018

Fbetivodd: MIOEH 1608

Media; SKC 22808, Charcoal Tube Analyzed: 072172016

e

Acehanitile

Sampding Parameter. Alr Volume Not Provided
Resull
m Result (mg/m’) Result ppm)  RL {miy'sample)
¢80 M, [0 G0g

Sample 100 S16TO21274
Lads 10 1620244017

Collected: OVMGR20ME
Sarpling Location: CARTRIDGE EVALUATION Recered 07202016

Methvod: NIOSH 1608

Media: SKC 226-08, Charcoal Tube Analyred: 72 UHIE
400/200mg
Sampling Parameter: Alr Volume Hol Provided

Resull
Analyte iy samgie) Resull [mgim7 Resull jppm)  RL (mgisample)
Acetonitrile <00 Pk s, [ToT

Sample 1D; S16TO21275
Lab 10: 1620244018

Collecied, OVMIQ2ME
Sampling Location: CARTRIDGE EVALUATION Recetvad: 072002046

Methad: NIGEH 1606 Media: SKC 22600, Charcoal Tube Anabyred: OFR21ENE
Sampling Parameter: Alr Velume Not Pravided
Result
Analyte (v samgple) Result (mg/m?) Result ippm)  RL (mg'sample)
Acehanitile < 01 By A 0040
P .of 7 LT Al 2% IHREF- V13 3
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ALS

Analytical Results

ANALYTICGAL REFPORT

'h'n"nrka‘du‘l Sd-1620244 |
Ciéent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Poltar

Gample ID: S16TO21276
Ly 10 1620244018

Collacted: OTMG20ME
Sarmpling Location: CARTRIDGE EVALUATION Resceted: 07/20/2016

lethodd: NIOEH 1606 Media: SKG 2268-08, Charcoal Tube Analyred: 07R21EA01E
400200mg
‘Sampling Paramelen Al Volume Not Proded
Result
Analyte Result (mgim) _ Result ppm) _ RL {mgy'sample)
Arsbonitrile =000 i & Lkl

Zample 10: S16T021277
Laty 10: 16200244020

Colleched, O7ME2016
Sampling Location: CARTRIDGE EVALUATION Recered: 0772002018

Hlethed: NIQEH 1606 Media: SKC 22608, Charcoal Tube Analyred: 07212016
‘Bamipding Parameter Al Vodume Not Prowided
Result
Analyte tguseles gt guoier) " Ramat gt B (s
Acetanitile 0.010 N 0010

Sample ID: S16TO2127T8
Laty 10 1620244021

Collacted: 07620016
Sampling Location: CARTRIDGE EVALUATION Recened V202018

Fetivodd: MIOEH 1608

Media; SKC 22808, Charcoal Tube Analyzed:; 072172018

Acehanitile

iﬂ ng Parameter Alr Volume Hot Provided
EE!..'"""* th'l Mm_ RL (mgysample)
] Gong

Sample 100 S16TO21279
Labs 10 1620244002

Collected: O71620ME
Sarpling Location: CARTRIDGE EVALUATION Recered 07202016

Method: NIOEH 1608

Media; SKC 226-08, Charcoal Tube Anahyred: 72 UG
400/200mg
Sampling Parameter: Alr Volume Hol Provided

Resull
Analyte iy samgie) Resull (mgim?) Rasull jppm)  RL (mgpsample)
Acetonitrile <0G Pk i, [ToT

Sample 10; S16TO21280
Laby 10: 1620244023

Collecied, OVMIQ2ME
Sarmpling Location: CARTRIDGE EVALUATION Recetvad: 072002046

Method: MIGEH 1606 Media: SKC 22608, Charcoal Tubie Analyzed: O7R21M2016
4000 200mg
Sampling Parameter: AIF Velume Not Proviged
Result
Analytr iy samgre) Rﬁdﬂﬂfﬂﬂ Rrsult Wl]' RL {myg/sampie]
Acsbonitrila <} (0 000
Pagn §.0f 7 L Al 2% IHREF- V13 3
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ALS

Analytical Results

ANALYTICAL REPORT

'u'.'fnrkcrd‘u-| Bd-1620244 |
Clent Project ID- CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample I0: S16TO21 289
Ly 10 1620244024

Collacted: O7MG20ME
Sampling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Method: NIDSH 1608

Media: SKG 226-08 Chareoal Tube Analyred: 072 UHIE
400 200mg
Sampling Paramelen Al Volumme Not Proded

Analyte

Arsbonitrils

Result
Result (mgim) _ Result ppm)__ RL (mgysample)
M &

=010 Lekijli}

Sample 10: S16T021 282
Lat 10 182002440025

Colleched, O7ME82016
Sampling Location: CARTRIDGE EVALUATION Recered 0772002014

Niethod: NIOEH 1606

Media: SKC 22608, Charcoal Tube Analyred: 07212016
L0V 200
Bamipding Parameter Al Vodume Not Prowided

Resull
Anshte (mysaniple) Result (mgim’) Result (ppm)  RL {mgisample)
Acetanitile “0.010 MA NA 0010

Sample ID: 316T021283
Laty 10 1620244025

Collected: 07620016
Sampling Location: CARTRIDGE EVALUATION Recened, 07/202018

Fbetivodd: MIOEH 1808

Miedia; SKC 22600, Charooal Tube Analyred; 07212018

Sampding Parameter. Alr Volume Not Provided
Result

Analyte Result (mgim’) Result (ppm) Rl (mg'sample)
Azetorinle <4810 MA MA G0g
Report Authorization (#80s an sleciranie dgnabune that complies with 21 CFR Part 11)

Methvod Analyst Peer Review

F5 Young Hes Yoon F& Lyle Edwards

- 07282016 1337 O7r2552016 1608

Laboratory Contact Information

ALS Environmental
860 W Lewey Deive

Phone: (801} 266-7700
Ermasl: alsit labfAL SGlobal com

Salt Lake City, Lkah B4123 Wihelr: wwwalssle com

I 1o i !., c.l;.-zgnﬂhga L IHREP- V13 4
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ALS ANALYTICAL REPORT

W’nrkaﬂu"l M-’IEEM:H'

Cient Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Poltar

General Lab Commants

Thie results provided in this report relate cnily o the tems tested.

Samples were received in accoptable condition unless ctherwise noted,

Samples have not been blank comected unless otherwise nobed.

This test report shall not ba reproduced, except in full, without whitten approval of 415

ALS provides professional anabdical sendcoes for all samples submitted. ALS is not in 8 position bo interpred the data and
assuwmas neo rsponsibility for the quality of the samples submited,

Al quality contrel sample s processed with the samples in iz report yielded acceptable resuls unless sthersize nobed.

ALS is acoredibd for spociic Balds oftesting (scopes) in the fllowing testing sectars, The qualkty system implemanted st ALE
confonmrs to pccreditation requirements and is appied io ol anaktical lesting performed by ALS, The following teble sts testing
sactor, accreditation body, sconeditation numbaer and websilte, Fleaze contact these sccrediting bodies of your AL 5 project

mmhhlmm scope of accreditation that applies to your analtical testing

Testing Sector Accreditsion Body Cenificate Website
(St andard) Humber
Ermargrmapntal ACLAES fOwr ELAP ) A N g A aolagsoorp com
LI (ELAIC ) DaT AT FEE ATl Fo Ut o e R DA
Muvads LIT CoRaCe hitp Mindap v goabs dveillabsanscs him
Dilghgmin LT OO0 Flp Aoy deq Shabe lousA S0naw
Iy LAg 2T Tl Aoy mariels (i I s IR AR el o gl b o
Fronda [THI]) EETIDET Pl ey dee shals A usiabsbero'sanige’
Tomas (THI) TIDETO4456-11=1  hilp ey foag laves . gow'beldigaiel gocred ool Rimi
Indusing Hypens AHALAPR, LLC 20 17025 0nd WOISTE PE vy phgacirediadpbg org
AIHALAP, LLC HLAPELL AF)
L] Taspbang
& 0 ACLARE (180 17035, CPEC) AOE- 18 ) Pl APy BCLBEE0T GO
Sod, Durst, Paant Sr AIHAL AP, LLC (B0 11025 HOI5T4 Rt Ay sbaaccrediadiaba org
AlHALAP, LLC ELLAP and
HLLAR)
Caotary Supplemants ACLASS (150 17035 ADE <14 T it A Bolessoorp. com
Dafinitions

LOD = Lirrit of Dataction = MDL = Mathod Detection Lirt, A siafistical astimate of mathod'me dininetrument sensitivity,
LOG = Limit of Cuaniitation = AL = Reporting Uimit, & verifed value of methedmedininsirumant sensitity.

MO = Not Detected, Testing result not deteded shove the LOD or LOD.

BA = Mot Applicable.

** Ho resalt could be reported, see ssmple comments for details.

< Thit 18 eSing resul is lass than the numencal valis.

{1 This testing result is betwasn the LOD and LOG and has higher anakytical uncertainty than values ot of above the LOC.

ALS Envmionmental ceifies this analylical repa is in comphance with the Hanford SOW, bath
technically and for compleleness. Release of the data confained in this report has been sledronically
authorized by the foflowing laborat ory representative:

Py Tod 7 o P, ﬁ:ﬂguﬂ 1! Eu L IHRER- VIR
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Quality Contral Sam ple
Batch Report
ALS
Workorder: 1620244

Limsita: HisbomcalParonmancs Proparalion: NA Arlyaia: H GCFID QT
Baain; ALS Laooratony Groug Bach: M Bareh: IFIDYTE0S (BRI 1TA2ER)

Propared By- hua, Anadyzed By: Yourg Hes Toon

ME: SOGNLD
Analyzed: TG 0000

Uniss: masampls
nt:' [

Az o (1] II:I:II

MB: 509140
Arslyzed: OTFIU018 (000

Uniss: ma'sampla
Analyte m?ﬁ [ R

AgEyrariy o

LCE: 505147 LESD: S0me
Analyaed: 07/ 02016 0000 Analyied: 0702 VH) 16 0000
Dilution: 1 Distion: 1
Uinits: mig/sampie Units : mgisampie
Analge  Resat]  Targe] %Rec] coumits | Resul] %Re] meo] eciimis

Acetordrie nxa|  nzso] srof ese| nisal I B BE

LCE: 508150 LESD: 503851
Analyzed: 0772020165 00000 Analyned: 0702030 16 00000
Dilution: 1 Dilstion: 1

Linits: ma'sample LUinits: matrampe
Anaiyee Ros]  Varge] wRec] ocumas | Resu] %Red  meo] ociimis

Acotoniriv o 320 o] wos] esa] 1183 oM  sdg 108 on] Mo

IS Yaung His Yoon 5 Lyl Edvards:
0735016 12:3T OTRE0NE 160

§ - Angiyte gbows reportneg el o oulside of ool lmals RPD - Rplalreg 9 Difforernoy [ Spiap ! Spikp Duphosle]
Ak - SAMpNE reUll S rhabEr than 4 v (P & peol B HD - Mol Datechid (U - Qusiiler oo AEas anddis 84 fiol delsched )
'-Eﬂmhmma Dugsbicabe s B 5 himas Bhe reporhng lmd A, - kol Agphcabla
il < Fhasuil 15 aavd [ Cbbrnaion rangs O resuity &re Nl BOLS1Sd fof MO COPTaclion, whare ADDECAD
Pags 1af1 , lly 25, 2018 QTS Y4
“Iﬁﬁ- Page Bofl2
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2016086 Rev,
SWIHD - Chain of Custody

INDUSTRIAL HYGIEME CHAIN OF CUSTODY AND LABORATORY REQUEST

C.246

Contracior: wnm_nn_uhnummmm |ﬂlt| Sampled: orsgomg
cacN: Zoloos |coa: coz | Surviey No.: 1608882 - Respkator Cartidge Tosting BY Fam
Contact Name: Jones, Pasioe L ]Fhm: (50913734966 ITHIHIEI.H‘M: [T
Raturn Repord To:  Caldwell, Joyo A IHHIH: R1-06 IFI'lum-: [SERTE-0TT
m“ﬂ"‘a‘_” Sample ID/Type/Description Required Analysis
-——\\_\ 16-05082-3-EFF-BASE / TOU (Tenax) Furans A

L0 A 0 0 0 R0 s

16-05582 TOU (Tenax) | Fusaiis

A I e

18-05062- 331 | TOU (Tenax) __'.___,_A"H Furans

00 0 O 5 S

1B-05882-3-H1  TOL {Tenax) fa'od \ Fuvans

LT ARE AT 1]} .

1B-05882-3-H LI {Tenax) F

I O AT B COE O

1606582 5-IN-BASE | TOU (Tenax) Furans
/rmnmnimmnmmuml

; | 1805882541  Hydrar (SKC 2261T-14) .« 4 Hg-Elemeantal
SlToalBH v SILTE D157
= O Y Wée,

1805562542 | Hydrar (SKC 226-17-14) , , Hg-Elemental
ST e Y SiTo2 LD

LB L REE EREE T ({71 =il
Special Instructions:

Signature Printed Mame Location Date Time
Deiveced 1o Storage: |/ — [Vaere Hendpicks [270dMy gn Il [fiefie | et
Retrieved from Storage: [BRETT GAANER VEL S A=Yk
o Signature s Prnbed Marme Diale Tirne
Relinquished By | [ ST da vt [[RETT Gakwel -F0 | fap
RecovedBy. |90 LU LA Slaeo., [ {Aolda, 7esle | ) oo
Febnouished By
Reteved By
Rednguished By:
Ruceived By
Additenal Comments:
12af17




20162086 Rev, O

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

Contractor ‘Wassinglos P Protection Salul | Date Sampled: orsane
GACN: SILOTR |¢ﬂn: caz |5=-L|r'|'-g|I Ho.: 16:05882 « Respirator Carvioge Tessng BY Fam
Cantact Nama: Joews, Packar L Phane: (08074068 |Tlll'r'lllﬁl.lrlﬂ: LY
Return Report To:  Cadwell, Joyos A ]HSIN: R108 |F"I'I'Dnl: [SOUFITE0T 3T
16-05982-6-B1 | Hydrar (SKC 226-17-1A) 1 Hg-Elernental
SIToR L4 Lo e
£ LCE TR AR R T
16-0598265-BLANK / Hydear [SKC 22&-'-?-:&: i Hg-Elemental
e g =
ST e TR ™ s
16-D5BB2-6-C1 § Hydrar (SKC 226-17-1A) |, o w Hyg-Elermantal
T2l
STeR e T > 1355
16-05982-6-D1 / Hydrar (SKE 226-17-14) |, « Hg-Elernental
vral 1
ST e 3703433
t ﬂ_la-nﬁm&ﬂ I Hydrar tsmm-é?tﬂ} (B Hg-Eremental
SieTe 210 (=)
N Emm s 1937
16-05802-6-EFF-BASE | Hyarar (SKG 226-17-1A) Hg-Elemantal
UTER 1M SuETaRIMD
|0 0 T SRR A v 124y
e | 1B-05982-6-F1 f Hydear (SKC 226-17-14) bl Hg-Elamnial
(Lo :Hi
CTo3 Sy g > "-‘%’
— 16-05982-5-C31 [ Hydrar (SKC 228-17-1A) , * Hg-Elemental
L e 1y LT Y
|0 2 RO T M T St Il.'El
Special Inslructions:
Smnature Printad Mama Location Date Time
Delwered 1o Storage. | —7 Valeae Hendnces| 2oty Rm A7 | Afiefte |00
Retieved from Starage: (AT (odliist T | Fh2g
o~ Sgnature Printed Nane Date Time
Relinquished By. | [ B~ Slin_ EerT Al - LE-l6 | ({00
recevedBy. (@1 [ IAALL é.g s i JEabde: 76l | l{e
Relinquished By:
Received By:
Relinquished By
Receved By:
Addtional Comments

13017
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200620846 Rev. O

SWIHID - Chain of Custody

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor.  Washingion Heer Bmmetcn Solulens

|Dlh Sampled: 0Tn&2018

cACN: ooy |coa: cen {Burvay No.: 1605887 - Respinalin Carridge Tosting BY Fam
Conact Name:  jsass Dansrl ;Phunr. (800734008 lTurmm'ul:l.' W,
Riturn Repart To: Caldwsil Joyoe & [MsIN: miot | Phone: (sosmearar
il et o
18-053B2-6-H1 | Hiydrar (SKE 226-17-14) « Elamental
ST 125l T Sl Toa | aﬁn "
EMERNIY AT 125%
160562 Eubi2 | SKG i'iﬂ-‘lil'-‘ln Hg-Epmantal
T D |‘:-G* ornly ll' o8 lﬁﬂﬂ
IIIIIIIIIIEHIIIII
| 16-05082-6-IN-HASE | Hydrar (3K 226-17-14) « * sn'..‘t' oA 15¢ed  |HgElementl
s1LTORSH B . 21545
MAEENREAm s
b0 16-DGEAEZ-T-A1 { CISA (M 220-28) MH3 _’__._,.-—-""
hk\h\“-‘ill!_llllllll.lll : el
16-08082-7 A [SKC 225-20) 3
(WA R DA e ,,ff"'-’f |
16-05682-7-81 m%ﬁﬁcﬂ&ﬂ} 5 [mi2 .
IIIIIIIIIIIII.IIII
16-05892-T-BLANK / G 226-29) :HHE
[WEme SE RN R R j
.t __JteelBe82-7-C1 [ CISA (SKC 226-29) e
| s E T

Special inslructions:

Signature Prinied Name Location Date Tame .
Deivared o Storage: ﬁi Lo i g TINEY K W57 | Vel |10
Retriaved from Swrage. : BRETT £ i HEds | 07RT
B ﬁ- o ‘si.:..;r;_ Prinied hame Drante Time
Reiingushed By: &ﬂ% ﬁlf.ElT ME{ -if L | LoV
Received By: L UL_ [Shawan LU o, 7 /gl | /[0
Rainguisnad By: | R R s
Recoived By " :

e St R

Heseived By

Additicnal Comments
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20162086 Rev, 0
SWIHD - Chain of Cussody

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

—

Contraclor: Washingion River Erabechon Solulioes | Date Sampled: 07182016
CACH: RERLOT |{:m: CH20 | Zurvey Moo 16-05083 - Reapirniar Camisse Tagtisg BY Fasm
Contact Name: Jones. Packer L [Phone: (soayTi-n6e | Turnaround: s
Return Roport To:  Caldesd, Jopos & |M5IN‘. R06 ]Phﬂl'll: (BRA-OTAT
LLEMH:W Sample IO Type/Dessription Reguired Anakisis
"\ 1G-DEIBIE-H1 | Hydear [SHE 22&1?-1% Ha-Elermental
Slefea 13 SleTe > 1324
N CH RO D O R 328
' 1G-NGEEI-6-HZ | Hydear (SKG 226-17-1 Hg-Elemntal
SILTeA 348 SleTon 1327
TR TR TR TR 330
*| 16-05083-8-1M-BASE | Hydras zsw:'i 225-1'.--_.1_' A) Hg-Elemental
SlToR | ol 30!
a1 L LT L T e
16-05883-7-A1 1 CISA (SHC 226-29) NH3
ﬁﬁllll‘lllll DNMEmAnEn
16-08383-7-A2 1 CISA (SHG 226-29) ,.H'ng
T sl
16-05983-7-B1/ CISA (SKC 226-29) v I NH3
LRI TRR TS REA U BRE TR TR TN ¢
16-05983-7-BLANK | CISA (SH ]} HHZ
(MR e Bmmn
16-05583-7. 154 [SHC Z26-29) NH3
| R
Speceal Instructions:
Signatwe Frinsed Mame Location Date Time
Delvered o Storage:  endeSocn & | 230410 [ gt 07-1£-/4]000 ¢
Refrieved fram Sicrage: il VBRI a gy 75 | osa o
Signature Printe Name Date ~ Time
Relinguished By: | "ol Fown, | JORETT GARAEAR ig-s | loo
Received By: =7 Tk o | sEarcs srsarsret F=itf=itts | t/pe
Relinguished By
Recaived By
Rglinguished By
Recaivad By:
Additional Comments:
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SWIHD - Chain of Custody

20162086 Rev, 0

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor: Washngion Areer Frotechion Soiutond [UIII Sampled: TeE0E
CACHN:  Joannd Il'.:ﬂ.h: CE20 ]Eur'm]r Mo.: 1E-DS0ED - Respirater Carridgs Teshey EY Fam
Contact Name: o, Parkes L |Phone: (3003714988 | Turnaround: nia
Raoturn Roport To!  Caldwell Jopos A [IHIH.' [ [Fhmm (BOSHTE-0737
LogNo | |Samele IDMype/Descrption Required Analysis
* | 1605583-6-B1 [ Hydrar {(SKC 2261714 Hg-Elermgnilal
Sl o 3T e
S (R LR I alite
: 'm-nﬁm-&m_mu I Hydrar (SHG 226-17-1 @f‘ Hy-Eltrmerial
T BleToa x5 b
RS e To 1234
*| 1E-05983-8-C1 / Hydrar (SHC 228-17-1A) Hg-Elamantal
SlsTeal SltTo2 1299
BTN ETTEE AR R Y (R Y=
G-055983-6-01 ! Hydrar (SHG Z2617-1A Hi-Elemanial
su.'fa.m:'aﬁ’t‘j pitie TITTey
(KR LTI IS0 TR R e e 363
* 16-05083-6-E1 / Hydrar [SKG 226-17-18) Hg-Elemental
SieToR '.'3-:-"-[-} : SiaTe 21305
R D0 O A L 1 1380~
*| 16-15903-6-EFF-BASE ! Hydrar (SKG 208-17-14) Hg-Elemental
=l Ten Ve < (laTe 2071
(ISR TR e e
) r}E—ﬂEﬂﬂﬂvﬁ-—H { Hydrar (SKGC 226-17-1 = 12 Hg-Elénmintal
Sl T 2 T . Tt
Illﬂllﬂlﬂﬂll‘lllll[ll5 1315
" 16-05983-8-G1 I Hydrar [SHC 226-17-18 Hg-Elemental
ST 13T -sm—}o 2131
(AL JSR AT R RIRR IR 3
Spedial Inslructions:
Signatung Prirted Mame Location Date Tirme
Delivered fo Storage: %gu&g,ﬂ &Eﬂ!ﬁ;ﬁl age d
Retnaved fram Starage: vd | BETm Gt AL (OB
[ —— | m——
i pnature Y Prriniad Name Date Tuma
Relinquishes By: j_‘:..iii-sgm‘ (52 e Gndon A -ttt | peo
Received By: (=7 . ., TheTd= | TEASIA ForresTes D=if=i ITT-T
Relinguished By: —
Recaived By:
Relinguished By: |
Received By: i
Agddinnal Commeants:

I af 17
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20162084 Rev. O
SWIHD - Chain of Custody
INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor; Wasingion River Funiection Sokuicns | Date Bampled: 077182018
CACH: Jazon, |l:1:ul: coan | Survey Ne.: D56 - Raspiator Canaage Testng BY Fam |
Contact Mame: sones. Parker L {Phone: (5053734085 | Turnaround: |
Return Repor To: Cestwell Joyos A [MSIN: mice | Phone: ommory
:_':'mm gﬂnmph- INTypaiDescnplion Requved Analysis

160598331 § TOU (Tenax) .
T 0 AR E M R A X e o | o]

18-05084-3-EFF-BASE / TOU (Tenas) i Furans
(LT AL B T R T
g

| 16-45683-3-G1 / TOU (Tenax) £ Furans

AU OREE R o 0 S : -

16-05983-3-H1 / TDU (Tenax) o Furans
(AR R0 A 100 A GO KRR :

18-D5RB3-1-HZ [ TOU (T : Furans
b T QI EHRam

HTOU (Tenax) Furans

e "L 1805083541 / Hydear (SKS m%ﬁ 21287 Hp-Elemental
' CNTANETHDNT A S AR 1228
16-050836.02 / r {SHC 2261 7-14 “Elemantal
Sus e | S (> PYPETS e
e LT EER R T Laar
Spectal Ingractizns: B
; Signahues Frinted Name Location Case Time

Delivarad to Storage: ;imm!myq- Q7161006 ¢
Relneved from 51 g | e ol |

= : fi'l;nnlure Frintad Nama Cae Toma

Relinqusned By | |~ J Oodrn. | JARETT  Go4@NER | 7- -4 | lioo

Recoved By |7 o Aenectn | TReEsp FogeasTER =18ty tiop

Reiinquished By

Raceived By

Relinquished By: |

Recaivad By: |
Additonal Communts,
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201G620E5 Rev. 0
NARRATIVE

FINAL REPORT N AMMONIA VAFOR TUBES
FOR CARTRIDGE EVALUATION
COLLECTED JULY 15 - 16, 2016

Thiz final report presentz the reaubts of twentyv-ziv ammaonia vapor wbes received at the 222-8
Laboratory on Tuly 18, 2016, in good condition and with adequate paperwork. The samples were

logged into sample delivery group 20162085,

DISCLAIMERS
= The mformation contained in this report is intended only for the wse of the addressee and
should be considered confidential.

= Thix report hall not be reproduced, except in full, withoul wntlen approval of ihe
laboratory.

# The results shown in this reporn pertain only 1o the actual samples tested,

*#  Theae resulta conferm 1o the requirememts specilied im the referenced metheds procedures
and specifications provided verbally or electronically by the customer. Any deviations or
modifications are discussed in the following narrative.

= Thix report only addresses laboratory activities related 1o the listed surveys,

Requirements or anomalies conceming field sampling are not addressed in this repor.

PROCEDURES
Method Preparation Procedure Analvsis Procedure
Ammonia by OSHA 1D-158 LA-333-117, Rev, 3-1 LA-503-157, Rev. 2-5

ANALYTICAL SUMMARY

The vapor tubes were tested for ammonia, as specilied on ihe chain of custody, Standard
laboratory procedures For ton chromatography were followed az well as the requiremenis
WHI-MP-1029, WHL Industvicl Hygeiene Cuality Azsurance Project Plan for 222-5 Labovatory
(QAPP). Program specific work authorization instructions have been provided for WRPS [H
samiple analvsis through verbal and electronic commumeation with the customer puuinl of contact,
and ane ket 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
el

The messurement uncertainty was estimated bazed 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

B8 - 107%, with no signiltcant bias. The overall estimate of wmeertainly s 6. 7%, with coverage
factor (k) = 2.

D 1o background levels of ammonium (or interféring compounds) that are tvpically present in
ihe media used in the sorbent tubes for collecting the vapor samplas, positive resulls are oblainsd
for the preparation blank. Laboratories typically comrect the LCS and all field samples for these
background levels, when detected. However, per agreemient with the customer. no blank
subtraction was performed. The client-requested reporting limit is 10 ug per sample, which
makes the analvsis of addinonal blanks and subsequen blank subtraction unnecessary, It is the

2ol 15
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20162085 Hev. 0
laboratory’s opinion that including the media contribution, which is well below the cliemt’s
requested reporting limit, provides resulis that are more conservative than when blank
subtractions are performed. Twentv-twa of the tweny-51% ammonia results for sample group
20162085 were above the reporting limil of 10 pg per sample. For these samples, the total result
includes the contribution from the back resin portion even though the back resin poriion result i
lonwer than the reporting limil (see Attachment 1)
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20162085 Rev. O

SWIHD - Chain of Custody

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Ennnuﬂw_wmm Solufinns i ]_I}ltl Sampled: ONVIS2ME 3
cach; 2ol 5 —'Em: cEm IsurmnlgI Mo, TE-0NGAT - Rgpirator Curirriga Tesing BY Farm
Contact Mamw: Jonas, Paskar L Phone: (5037340066 iTunurmnd: A,
Returm Report To: Cacwel, Joyee & [MSIN: R10E | Phone: (s0p3TE-07IT
me“‘m'“‘-" Sample 1D Type/Deseription Rrequired Analysis
h——e | 18-05082.6-H1 / Hydrar (SKC 226-17-14) Hg-Ewmental . |
(e 1] ) -
16-05882-6-H2 | Hydrar (SKC 228-17-TAT——r_ e Hg-Elemental
TN IS TOE D R A =
er (SKGC 226-17-1A) ﬁnurmn\
o= | 00 A
7-A10CISA (BKC 22820} MH3
SleTen hﬂ'ﬁm ANeTe 2 los
A AR R R VR O O O |m-;‘
16-DESE-T-AZ ! CISA (BKC 226-79) ° MH2
al 2 |letl,
3 e (o
605952781 1 CISA (SKC 226.20), NH3
lpTen SleTe R |00
e T R (oo
16-05582-7-BLANK | CISA (SKC 2 . HH3
sleTe? lol *r alsla
S ™ T L L LT b
[06882-7-C1 | CISA (SKC 228-29) * NH3
SlteTe lo sf:-'ra:t els
“Ummemm s nymeay loli,
Speclal Instuctione: R
Signature PFrinied Name Location Date Time
Dalversd vo Stomage: | 7 ez | o)y ks [CTH R Ren 15T [Tl | 1A
Retrioved from Storage: | f gty Chepme | Pl | P
o Signature - Printed Hame Date Tirna
Reinqusted By : e < Zhsde | /e
Received By- e Thelte | i
Refinquished By’ i B
Recaived By il |
Relinquished By:
Recaived By:
Aaddivanal Commenis:
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20 I6I08E Rev, 0

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

C.264

Contractor: Waskingion Rivgr Protection Solubons | Date Sampled: oiiszoNE
CACH: 202003 |t:m: P50 Burvey Mo  16-08583 - Resgirater Garlridgn Tesang BY Farm
Contagt Mame:  Jones, PakarL II"hlmll: (5090 3T 34065 ITumlmund: Mi&
Refurn Report To:  Gaidwol, Jayos & |M3IN: RE00 |thm: {H09ATG-0TAT
t:gm"”z':”"!" Sample I0Mype/Description Required Analysis
1805082701 | CISA (SKE 226.29 H
SlbTon o t L?‘a‘;& ¥=11= !
IIIHIHIIHHIIIIIHIII jel
16.06982.7-E1 | C15A (SKC 228 N3
SIToR 520" (8KC 228 20 o lo™at
(IR T amnan L&D
16-05582-7-EFF-BASE J CISA (SKC zma NH3
HleTeB |t 2 Sl lhg
IIIIIHEIIIIIIHIIEIIHIHIIII!II s
- ;‘ﬂ-ﬂm-?‘Fl 1 CISA [Slﬁl: 238.29 Hf'ﬂ..':[ [p:"".f MH3
S (Mg C= NP
TNEEAR T 18
; #}ﬂ{lﬁm-?rﬁi iﬂ%ﬁmi!ﬂ-ﬁ@f alo3e MH3
1P -]
R e T S T o3
% . | FE-08582-T-H1 1 CISA (SKE zaaea_-i: NH3
eTo2(e5Y igTo 2059 .
J (AR TEPRRCIU MR DL R T “ |ako |
8-05982.7-H2 | CISA (SKC 226-29) NH3 |
m—smu-e] Suafad sy
0RO O TS0 O e lens
1806982, T-IN-BASE / CISA (SKC 223&9 d o MH3
(1
SCTe By Lot
Special Insiruchions:
Signature Printed Mame Localion DIE& 'I":he
Delivered to Storage:  L=7" — Herdreks [zrodwy fen W1 [Tl | Ve
Retrieved from Storage: I (AL (5l | o |
. Signguure 2 Frinted Name Date ~ Tme |
Relinquished By: | [ MCED9 40, [ISPETT Gmln 65 Thehe | /00 |
Recenved By | | desbe Nge  Thzde oo
Refnguiched By:
Received By:
Relnquishad By
Regetved By: —
Adiditional Commaents:
13arls
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SWIHD - Chain of Custody

2 IGI0EE Rev, O

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUEST

Contractor; Wassinglos Ressr Protechion Seiutions |D|te$~|mphd', 0IrER01S
CACHN: Joaon® ]cm.; cai isurw]r Ho. 1805883 - Asspiator Carirdigs Testeg BY Faom
Contact Name: Joeas, Pasar L |Phone: (so8j373-49860 | Turnaround: A
Return Report To:  Gastwell, Joyoe A -|HSIH: R1-06 |Ph-nn.: (SORATE-0TIT
W Sample IDVType/Description Required Analysis
B05583.7-01 § CISA FBa3 NH3
st T2 ey (K225 R a1
(RN A nia
| 16-05883-T-E1 / CISA (SKC 226-29 MNH3
ST 1L : ST Vanl
(MR E e iao |
a " 16058E3T-EFF-BASE § CI5A [SHE 12625 NH3
BleTeR 2
II IIIIIIIIIIIIIEIIFII |'B~'-t 1
BO508L.TIF [ CISA {smmm MHI
Sl LToR I a4
HII‘IIIIIIII-III L2gs
*} 16-05683-T-G1 / CISA (SKC EEH HH3
SlsTodL s #\ 309
_IIIIIIIIIIIIII iI3lo
16-05983-T-H1 ! CISA ﬁﬂ-i‘ﬁ'} MH3
B3 ot B 21318
IIIIIIIIIIIHIIII 13362
"1 180508 5.T.H2 | CISA (SKIC 324 MH3
SR 1327 Slbemalzace
TR BT T 1327
"1 T CISA 215—2 MNH3
Sl oD A aal, PO TINBASE (sKc 2 ‘E aa0 358
AR AR 359

Special Instructions:

Signatune Printad Name Location Dt Time
Delivered to Storage: (5 oo Seen | SREHW | oF— K17~ 0od
Retrieved from Slorage: £ : |-3, (36108

2| .SWI'! Printed Name Drabe Twma
Relinguished By: S T= 15— ba fi ec
Flecaived By: ity -!1'-._..-:2'5:3 TEAECA FORRELTE M e el (3D
Relinguished By:
Received By
Relinquished By:
Recaived By
Addtional Commuents:
144115
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201461083 Rev. O

SWIHD - Chain of Custody

LY

INDUSTRIAL HYGIENE CHAIN OF CUSTODY AND LABORATORY REQUE#T. o

iy

Contractor: washngisn Riar Pratecscr Salbions | Date Sampled: r.'ﬁ'nmdu,
CACN: Jhaool, IGDA: G f&urrr_f No.: 1605980 - Rosparator Gortridge Tostng BY Farm
Contact Mome:  Joses, Packer L |Phn|1-|: (ST -4HRE 1T|.murau|1d A
Roturn Report To:  Casswes, Joyoa & |IISIH: R-08 El"h:mt: (BN ATE-0TAT
tm;:“ Sample IDITypaDascription Requined Analysks
il 16-05503-5H1 | Hydrar (SKG 226-17-14) Hy-Etamanial
O e e
16-08083-6.H2 | Hydrar (SKC 226-17-14) = Hp-Esemantal
: ol
(RPETAERA FE G
16-05083-8-1N-BAS (SKC 228-17-1A) Hg-Elemental
T | SRR R T . ’
1Hma 7-A1 | CISA [SKC 226-20 | HH2
SWrfen @+ deton na
| T AR e
| e-0s883-7-A2 1 CISA (SKC 226-29) | NHz
L Sl Ta a2 LT
SRS g wmas 149
B-05083-7-81 / CISA (SKC 226-21) HHS
Sleteauso!’ SwTex U5t
- (R e R I Ran nsa
*| 16-05083-7-BLANK | CISA (SKC 228-29) M-
To i\ To ':1‘5‘5
S35 S oy G {05t
| 16-05083-7-C1 / CISA (SKC m-zg MH3
: ' eToo W3
ST 2 Uy g AR O oS
Special Instructions. : -
| Signature Frintec Marme Lcation Diati Tirne
Deivered o Sicrage. “{F& & pomde Suen 2 LT e EXTT
o LT 4.%]&_, gﬁ.ﬁr Gl ; P-4t | 0870 |
|
' |, Sgnaue R Protad | Name Dale Tirwe
Refinquished By: %E*MUM«_ (ReTT CACNER | 3-tgit | noe
Reconed BY.  (7oter, Tmaneole |TERER Ein =Rl | 400
Pnoiiag By L )
Recewed By,
Ralimquished By
Received By: |
Agdisienal Commmns:

15 af 15
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ALS

Robert (Buddy) Sesa

ANALYTICAL REPORT

Report Dade: July 27, 2016

Phone: (509 373-1262

‘Washington River Frotection So

PO Bawx 850, MSIN TE-02

Richland, WA SE352

Analylical Resulis

E-mail: rebert_w_sosaid.gov

Workarder | H-1620241

Client Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reltd
Project Manager: Rand Polber

Sample |D: S16T0Z1205
Lab 10: 162024 1001

Collected: OFM52018

Sampling Location: CARTRIDGE EVALUATION Recened: OV202016

Method: EPA TO-114 Media; SKC 228119, Silica Gal (2. 4- Analyred; DT212016
Dinitrophenyl ydrazing
Sampling Parameter: Alr Volume Mot Proviced
Resall
Analyle fug sample} Result {mgin? Resuli (ppm)  RL (ug/sample)
Farmaldehydy 059 HA, M 0050
A etaldehyde i1 WA LY D050
Azptong 73 A, i 0.50
Acroisin =0,050 HA MA 0.050
Fropionaldehyde 5.6 HA A 0,050
Crotonaldebryde w050 WA s 0.050
Butyraldeiide 7. A, A 0.050
Blariza el ahyyche ), 050 HA [ 0.050
isgvaipraidehyde ={, 050 s, s 0050
aberalEn e 1.3 WA HA 0050
i Telualdatyde <0050 A, i 0,060
- Tolualdehyde <0,050 A, A 0080
£ Todu &l B hryd & 20,050 A A 0.050
Hganal 1.1 A, [T 0.050
£ 5-Dimetfryibanzaldainde. =000 A A 0050

Fample |D; $16TOH208
Lab |0 162024 100

Collected: O7MS2015

Sampling Location: CARTRIDGE EVALLUATION Receied: 07202016

Method: EPA TO-118

Media: SKC 226-119, Sikca el (24-
Dinitrophemylydrazing)
Sampling Parameter; Alr Volume Not Provided

Analyzed: OT2UHE

Resuit
Andbyte fugy sarmple) Result (mgim) Result [ppm) AL (Ugisample)
Forminidehydie <0050 A, & 0.050
JAc ptaldebyde 15 A, iy 0.050
M gulls Continued on Mexl Fage
ADDRESS b0 wear Loviosy Driver 508 Lace Civg, Liah, B4103 USA  FHOME o) 80 266 7T00 | FAX +1 800 hEs e
ALY CROLF Lk, CORF, i AL Lien bgd Comparn

www.alsglobal.com

FSCH T B LA T IR i 1 R AR

Fiaapi 108 18

W, UE-'.!I'I'“S -UE A

HREP-Y I3 &
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ALS

Analytical Results

ANALYTICAL REFPORT

Workcader [ 3448202

Cient Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

Gample 100 S16TO21 208
Lty 10 1620024 1002

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: 07152016
Recetved: 07202016

Method: EPA TO-118

Media: SKG 228118, Shea Gel (2 4-

Analyred: 072 UHNE

Dinitrophonyihydrazing)
‘Eﬂlm Parameler: Adr Vislume Hol Pyovided
Resull
Analyie {ug'sample) Result (mg/m) Result (ppm) AL fug/sample)
Arsbonn =i} 050 [l '8 LiKi.ti]
Acrolsn <) 050 MA MNA 0,050
Prraprenaldebydi )05 MA Me, 0.050
Crofonaldahyde =} 05D P, R, 0,050
Busyrmidanysa =0.080 A hLA hoso
Bonzaldehyde <050 MA hA 0.050
|iwinler aldehyde =) 050 M& MA 0050
?ﬂ.ﬁ.ﬂl’lfﬂt a0 050 o' MA DL0S0
I'I'I-T-HI.'IW =D& M, L, 0080
- Toualdehyde o050 MA A, 0.050
o Tohaldehyds <0050 HA A 0.050
Haswnnal =10 050 Bl i 005D
2 5- Dimethylbenzaldety de ) 050 A M 0,050

Sample I0: S16TO21208
Labs 10 1820241005

Sampling Location: CARTRIDGE EVALUATION

Collecied: 07152016
Racehed: 077202016

Maethiod: EPA TO-1148

Media: SKC 226118, Silica Gal (24-

Analyred: 07212016

Sampling Parameter: j'."lm.“. Hot Provided
Result

Analyte {uysampie) Result (mginv) Result (ppm)__ RL (uysampe)
Farmakienyde 050 A A, 0.050
Aretaldutd a4 NA m 0.060
JAC shorm 050 Pl Y DLOED
Asrolisin (06D L) P& DGR
Prapionaldenyde <0050 HA M, 0.050
Crofonaldohyde =000 [l A 00D
Busyraldehyde <0080 NA NA 0.050
Banzaldehyde <) 050 Pk A 0050
Isovaleraldehyde 0,050 MA NA D050
algraldehyd i {060 M, MA, DLDGD
m Tolualdehyde <0 050 MA m 0.050
P Tolualdshyde <0 050 MA NA, 0,050
o Tousidehyde <0 050 T MA 0,050
Hancanal <050 Pl &, DL0ED
2 5 Dimethylhenzaldetyde 0,050 MA m 0.050
P 34 18 el TR Y IHRER- 13 3
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ALS

Analytical Results

ANALYTICAL REPORT

'h'.'fnrk-mrr| Sd-1620241 |
Cent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample ID: S46TOZ1210
Ly 10 162024 1004

Collacted: 075206
Sampling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Methvod: EPA TO-114

Media: SKG 228118, Shea Gel (2 4- Analyred: 07217018

Dinitrphoryihydrazine)
Sampling Paramelen: Al Volume Not Proded
Resull

Analyte {ug'sample) Result mgin)  Result jppm) _ RL fug/sample)
Formaldehyde L] eI M, [iXiati)
Acetaldehyde <0 050 NA MA 0.050
A elarn =050 & A D00
Acrolein <0.050 NA NA 0.060
Proplonsldelryde =0.080 A ___NA L2 —
Crotonsidetyde <0 060 NA NA 0.050
Blutyr ket y e ) 050 HA M 0050
Bonzaldehvyde <0.060 NA NA 0.050
Isgvalprpidehyde =050 Ma A 0050
‘W hee aldedhyde =050 & [y D0ED
i+ Tolualdetyde afl 050 & A 0050
p-Tolualdaydn <) 050 B hLa 0050
o Tohusidehyde <0.050 NA NA 0.050
Haxanal <0080 & A DLDED
| 26 Drirnelfrylbon sl bry =050 P P4, 0,050

cample 1D S16TO21211
Labs 10 162024 1005

Collected: 07152016
Sarpling Location: CARTRIDGE EVALUATION Receted: 07/2020M6

Methvod: EPA TO-114

Media: SKC 226118, Silica Gel (24- Analyred: 072172016

Dinitrophorylirydrazing)
Sampling Parameter; Alr Velume Net Provided
Resull

Analyte {ug/sample) Result (mgim)  Result ippm)  RL fug/sampls)
Farmaldehyds <0050 NA NA 0.050
Ac staldehyde 6.3 NA NA 0.060
A ebars 3.4 MA, WA 0.050
Acrelein 0,060 M MA 0.060
Prapsonakdenydn =008 A A 0.080
Crotonaldehyde <0.050 [ NA 0.050
Butyraldehyde 0 050 HA HA 0050
Benzaldnhydo <0060 NA NA 0.060
Isgvalor =0.050 NA NA 0.050
Vialevaldefyde <0 050 M NA 0.050
v Telualdshyce <0 050 NA NA 0.050
p-Tolualdahyde <0050 NA NA 0.050
o T olualdatyde ) 050 M A 0050
Haxanal i) S0 MA MA, 0050
Resulls Continued on Het Page
Py Jof 18 o Waed, 0T2TN 23 AM IHREP- V12 %
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Analytical Results

ANALYTICAL REPORT

Workorder: | 34-1620244
Clent Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potar

Gample ID¢ S16TO21211
Ly 10 1620024 1005

Collacted: O7MS20ME
Sarmpling Location: CARTRIDGE EVALUATION Recered 07202016

Methvod: EPA TO-1148

Media: SKG 2268-118, Slica Gel (2.4- Analyred: O7RZUHNE
Dinitrophamylbrydrazing
Bampding Parameter: Alr Velume Not Provided

Analyte

2 5 Dimathylbenzaldetyde

Resull
[ug'sarmple) Resulf {mgim’} Result (ppm)  RL jug/sample)
=0.050 M MA 0,050

Sample I0: S18T021212
Laty 10 1620024 1006

Collegied, 07152014
Sampling Location: CARTRIDGE EVALUATION Resered: 0712002018

Fethod: EPA TO-118

Media: SKC 226118, Silica Gal (2.4- Analyred: 07212016
Dinitroph iyl Frydrazing
Sampding Parameter: Ar Volume Not Provided

Resull
[ugisample) Result (mag/m’) Result (pom)  RL (ugisample)

Analyte

Fu'm.ﬂ'r:,lﬂﬁ < DED Pl [0 [FL1 ]
Acetaldehyde 7. M A 0050
Acetans 12 MA MNA, 0.050
Acrolen <0.060 MA NA, 0.060
Progi onaldetyde <0.050 NA NA, 0.050
Crotonaldehyde <0.050 NA NA, 0.050
Busyraldetyoe <050 M MA 0.050
 Bunzalduhyde <0060 MA NA 0.050
Isovaleraldehyde <1053 (0 hid, 0.050
Valer aklerryde <0.050 NA NA, 0.050
rrl-T-ulu.lh:H-qch =i} 5D Pl Pl L]
p Tolualdehyde =0 060 M NA 0,060
o Tolualdehyde 050 MA M, 0.080
Hoxanal =) 050 Py Pdé, 0,060
25 Dimaitryihenzaldetryda =10 050 M B, 0.080

Samplhe I0; S16TO21213
Lab 10: 1620241007

Collegted, 0782016
Sampiling Location: CARTRIDGE EVALUATION Recehed: OT202016

Memad: EPA TO-114

Media: SKC 226-118, Silica Gol {2.4- Analyred: OFRIG01E

Dinitrophwemyl
Sampding Parametan Alr Veduma Nol Providged
Resull

Anaiyte (ugfsample)  Result(mginv)  Result ppm)  RL (ug'sample)
Farrmaldetydo = 06D A, A 0060
Actaldshyde I NA NA 0080
Acetand 19 M m 0,060
SAprolein =080 [ A, 0080
Prapionaldenyde ail NA NA, 0.050
Regulis Contined on Mex Fage
Py i ol 18 - Wied, 0T72TN AR IHREP- V13 %
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Analytical Results

ANALYTICAL REPORT

Workcader 34482021

Clent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potlar

Gample ID: S16TOZ1212
Ly 10 162024 1007

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: 07152016
Recetved: 07202016

Method: EPA TO-114

Media: SKG Z268-118, Stica Gel (2.4-

Analyred: 072 UHIE

Dinitrapheryihydrazine)
‘Sampding Paramelen: Alr Volumme Not Proded
Result

Analyte (ugisample) Result (mgim’) ___ Result ppm) __ RL fug'sample)
Crotonaldabyde <{} 50 M M2 0050
Butyraldehyde <0 050 NA NA 0.050
Burcalduhyde <0.050 NA NA 0.050
|sovaleraldehyde =050 M A 0050
wwﬂ ol 080 M 8, LOE0
m Tolualdehyde <0050 NA NA 0.050
= Tolaldelyde 0} 050 MA M 0050
o Todualdatiydi <1060 My M Dos0
Hexanal <0.080 NA NA 0.050
Z, 5 Dimediryiben zaldody de =050 & ey 005D

Sample I0: S16TO021214
Ly 1D 1652024 1008

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/1520N6
Recerved: 072002016

Mt EPR TO-118

Media: SKC 226118, Silica Gol (2.4

Danibropbamylbrydrazne)
Sampling Parameter: Alr Volume Not Provided

Analyved: 0721016

Result
Anaiyte (ugrsample) Result (mgin)  Result (ppm) AL (ug'sample)
Farmakleryde 0.058 hA hA 0.050
Acyluidetyds ~00 NA HA: 0050
A b0 <{L0ED A A 0G0
Acrolsin i} 050 MA A 0.050
Propionabkdehyde = 060 i Pl 0,060
Crotonaldatyyde <0.080 NA NA 0.050
Butyraldeiyda (06D [ A DGR
Benzaldehyde <0050 HA Ty 0.050
lsorvaloraldehyde =00 [l ] 00D
Unlesabdehyen < 080 MA ha, 0,080
mx Tolualdahyde <) 050 Pk A 0050
pToualdshyde <0050 HA rA 0.050
o T odudddadrydi <{L0ED A A DG
Hexonal 0,080 NA NA 0.050
7,5- Dimathyloenzaldeinyde <1050 hA hA 0,050
P B of 18 el TR IHRER- 12 3
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Workccder [ 34382021

Cent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Pottar

Gample ID: S16TO21215
Ly 10 1620024 10089

Sampling Location: CARTRIDGE EVALUATION

Collacied: 07152016
Recetved: 07202016

Methwod: EPA TO-118

Media: SKG 228118, Shea Gel (2 4-

Analyzed: 072172018

Dinitrpheryihydrazing)
Sampling Paramelen Alr Violumme Not Proded
Resull

Analyte {ug'sample) Result mgim)  Result jppm) _ RL fug/sample)
Formaldehyde L] eI M, [iXiati)
Acetaldehyde 2 HA NA 0.050
Aol 14 & A D00
Acrolein <0050 NA NA 0.050
Proplonslduirde L4 HA s 0.050
Crotonsidehyde <0.050 N NA 0.050
Blutyr kg e <) 050 HA M 0050
Bonzaldehvyde <0.060 NA MA 0.050
Isgvalericehyde =i{LOS0 Ma A 0050
Vo aldedyde =050 & [y D0ED
i+ Tolualdetyde afl 050 & A 0050
- Tolualdaydn =) 050 B hLa 0050
o T ohualdehyde <0.050 NA NA 0.050
Haxanal <080 & A LDED
|26 Dimethylbenzaldefrydy <.060 MA NA 0.060

Scample 10 S16TO21216
Lab 10 1620281010

Sarnpling Location: CARTRIDGE EVALUATION

Collected: 07152016
Receted: 07/2020M6

Methvod: EPA TO-114

Media: SKC 228118, Siica Gel (24-

Analyred: 072172016

Dinitrophen rpl Frpdrazing)
Samipding Paranelen Alr Velune Not Provided
Resull

Anaiyte (up'sample)  Result(mgim’)  Result ppm)  RL (ug/sample)
Formakdehyde <) 050 M hA, 0,050
Asotaldehyde i.r A [EY DGR
Acutons 81 HA MA, )
A 1l i <[00 P, s 00D
hﬂﬂmm 0532 M PlA, LD
Cretonaldehyde < 050 sk [/EY 0050
Butyrakiehyde 0050 MA NA 0050
Banzaldihiyde {060 A A DLDGD
Isovaler <0.050 NA NA 0050
Valeraklehyds <0050 MA NA 0,050
v Tolualde e 0 050 T MA 0,050
pTokaidahyde <0050 NA m 0.050
o Toualdshyde 0050 MA m 0.050
Hezxanal 0 050 MNA NA 0.050
Resuiis Continisd on Mest Fage
P B f 18 il LT R IHRER- 12 3
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ANALYTICAL REPORT

'h'n'fnrka'du"l M-’IEEB:H-I'

Clent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potar

Sample ID: S16TO21216
Ly 10 1620241040

Collacted: O7MS20ME
Sampling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Methvod: EPA TO-118

Media: SKG Z268-118, Stica Gel (2.4- Analyred: 0721018

Dinitraphanylhydrazins)
Sampling Parameter: Alr Volume Not Provided
Result
Anabyin (' sample) Resull {mgim’} Result jppm)  RL jug'sample]
2 5 Dimattrylbenzaldetyde <0050 M N 0.050

Sample I0; S18TO21247
Lat 10 16200241011

Collegied, 07152014
Sampling Location: CARTRIDGE EVALUATION Resenved: 0772002018

Niethod: EPR TO-118

Media: SKC 226118, Slica Gol (2.4~ Analyred: 07222016
Dinitrophv i Fradrazing
Sampding Parameter Alr Vedume Not Pronded

Result
Anadyte (ugisample) Result (mgim) Result (ppm) R (ug/sample)
Formaldatydo 0.z M MA 0Os0
Acetaldehyde 1 MA A 0,050
Acetons [ M A 050
Acrolein =0.060 M haA 0,060
Propionakdehyde 5.6 M hA 0,050
Cretuninldalryde <0 050 A MA 0.060
Busyrakdahyde 87 A MNA 0.060
Bonzaldehyde <0050 MA MA 0,050
Isowalraldahyde <0 050 M hA 0050
Waler aldehyde 1.2 MA hea 0,060
m Tolualdahyde =0.050 M MA 0,050
p Tolusidehydo <0.060 N NA 0.060
o-Tolusidshyde =0.080 A A 0,080
Hexanal R E] P hA, 0.060
2 5-Dimathylbenzaldainyda =0 050 hk hA 0,050

Sample ID; S16TO21218
Lab 10 16202410702

Collegted, 0782014
Sampling Location: CARTRIDGE EVALUATION Recehed: OT202016

Msnad: EPA TO-114

Madia: SKC 226-118, Silica Gol (2.4~ Analyzed: 0772202016

Dinitrophamd
Sampling Parameter: Alr Velume Not Proviged
Result

Analyte Resull (Mgin)  Result (ppm)_ RL (ugisample)
Farmaldetyde < 06D ) A 00GD
Acstaidahyde 7 NA NA 0.0s0
Acehane 2 M MA, 0,50
Acrolsin <0 0BD hA hA, 0,050
Propionalden yde 10 NA m 0.060
Resuiis Continird on Mest Fage
P T od 18 el LR A IHRER- 13 3
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ANALYTICAL REPORT

Workcader [ 34382021

Clent Project 1D CARTRIDGE EVALUATION

Purchase Order; 55502 Reld

Project Manager: Rand Poltar

Sample ID: S16TO21218
Ly 10 1620241042

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: 07152016
Reszered D7/202016

Method: EPA TO-114

Media: SKG 228118, Shea Gel (2 4-

Analyred: 07RZYH1E

Dinitrophonyiiydrazing)
‘Eﬂlm Paramelen: Al Volume Nol Provided
Resuit

Anahyte {ugisample)  Result jmgim) __ Result ppm) __ RL (ug/sample)
ﬂ'nlnruh:hhrﬁh =i} 50 Tl ['F-) [ili-ti]
Butyrakiehyse <0050 NA NA, 0,050
Benzaldehydae =050 & A 0050
|sgaloraldehyde = 0ED P, A, (1L
an ) 0E0 Ma, MA, [0 "1]
v Tolualdehyde =050 Pl MA 0.050
- Tolualdelyde ) 050 HA M 0050
&Tﬁlw < 0G0 Pl 5 005D
Haxanal =050 A, A, 0050
2, 5- Dimelhryiben zuldoiy de <050 A A, 0050

Sample I0: S16TO021218
Lab 10 1620241013

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/1520N6
Recetved: OTR2002016

Fetivie: EPA TO-114

Media: SKC 226118, Silica Gol (2.4

Analyred: 07222016

Danitrophermdtredrasne)
Bampling Parameter: Alr Vodume Not Provided
Result

Analyte (ugsampile) Result (mgin’)  Result (ppm) R (ug'sample)
Farmakdetiyde 01z A he, 0u0s0
Asoboni S0ED M, hiA, 0060
ALrolsin i Q50 & i s 0050
Propionabkdehyde =) 0E0 P Pl 0,060
Crotonaldabyde ={L050 A h&, Du0ED
Blityraldityco <L0ED HA A D060
Benzaldehyde <050 Ma A 0.050
Isaleraldehyds <0050 A LA, 0050
Walaraldeiyde <0080 A L) 0080
i Tolualdahyde <050 A hld, 0u0s0
p-Tolualdetyde ) 050 HA A 0.050
o Toduaddahydn 006D Py A, 0060
Hexanal 012 HA M 0.080
1, 5-Dimnathvyiten zaldedmy de <050 A (e DG
Py .08 18 B0, D12TNEN 025 Ab IHREF- V12§
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Analytical Results

ANALYTICAL REFORT

Workcader [ 3482021

Cient Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample ID: S16TO21220
Ly 10 1620241014

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: O7MBR2016
Recetved: 07202016

Methvod: EPA TO-118

Media: SKG 228118, Shea Gel (2 4-

Analyzed: 07222018

Dinitrapheryihydrazine)
Sampling Paramelen: Al Volume Not Proided
Resull
Analyte Result mgim) _ Result (ppm) _ RL fug/sample)
Formaldetyde 0,54 eI M, [iiati)
Acetalduhyde 1 A NA 0.050
Aoelarn Ta A& A Q.50
Acrolein <0.050 NA NA 0.050
Proplonsiduirde 3 . . i _0.050
Crotonsidehyde 0,050 N NA 0.050
Blutyr ikt y e [T HA M 0050
Bonzaldehvyde <0.060 NA NA 0.050
Isovalerpidehyde =i{LQs0 Ma i a] 0050
Vol aldedhyde 1.2 [ [y DG
i+ Tolualdetyde all S0 & A 0050
- Tolualdahydn =) 050 M hLa 0050
o Tohuaidehyde <0.050 NA NA 0.050
Haxanal 1.2 & A DLDED
| &6 Dirnelfrylbon sl by do <0060 s A, 0,050

Scample 1D S16TO21221
Lab 10 1620241015

Sarpling Location: CARTRIDGE EVALUATION

Collacted: OVMER20MG
Reczeted 077202016

Methvod: EPA TO-114

Media: SKC 228119, Sdica Gel (24-

Analyred: 07222016

Deinitrogrhet reyl brydrazing
Samipding Paranelen Al Volune Not Provided
Resull

Anslyte (p'sample)  Result(mgim’)  Result ppm)  RL (ug/sample)
Formalkdehyde <) 050 M hA, 0.050
Asotaldehyde ] A [T DGR
Acutans <0050 HA MA, 0.050
A 1l i <060 [ PRy 00D
Prap analdehydn <) 080 MA [ 0,080
Cretonaldehyde <) 050 Mk [EY 0050
Butyrakiehyde «0.050 HA NA D050
Banzaldihyde {060 A A DG
Isovaler <0.050 NA NA 0050
Vnlevakdeiyde <0 050 MA MA, 0,050
v Tolualdetyde 0 050 T hA 0,050
p-Tokuaidahyde <0050 NA m 0.050
o Toualdshyde 0 050 MA MA 0.050
Hezxaral 0 050 A NA 0.050
Resuiis Continied on best Fage
P o4 18 Ly B IHRER-V 1 3
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Workorder: | 3d-1620@244
Cient Project ID0: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

Sample 10: S16TO21221
Ly 10 1620241045

Collacted: OTMGR20ME

Sarmpling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Methvod: EPA TO-118

Media: SKG Z268-118, Stica Gel (2.4- Analyred: 0722018

Dinitrepheryihydrazine)
Sampding Paramelen: Alr Volumme Not Proded
Result
Analyte (ugisample)  Result (mgim) _ Result ppm) __ RL (ug/sample)
2 5 Dimethylbenzaldetryde =0.050 M & 0050

Zample I0; S18T021222
Lat 10: 16200241016

Collected: 07162014

Sampling Location: CARTRIDGE EVALUATION Recered: 0772002014

Niethod: EPR TO-118

Media: SKC 226-118, Silica Gel (24-
Dinitrophrydfrydrasine)
Sampding Parameter: Alr Velume Not Provided

Analyred: 0722016

Result
Analyte (ugisaniple) Result (g Result (ppm) AL jug/sample)
Fadmaldafyde L0ED Py A 00s0
Azetaldeyde 3.0 MA A, 0.080
Arshors 0.0 MA A, 0.050
Acrolein o 0ED M hA, 0.080
Prapionaklen yde <0080 NA NA 0.050
Crotonaldelyde =i} 50 Ha A 0L0s0
Butyrakdehyc 0 060 A A, 0.050
Bonzaldutyde <0060 MA hA 0.060
Ispvalnraldshyde <. 050 Pl Bk, 0.050
Valer akderryde <0.050 NA NA 0.050
m Tolualdshyde 0 080 M m 0080
p Tolualdehyde =0 060 NA NA 0,060
o Tolualdehyde )OS0 MA MA 0.050
Hoxanal = 060 Pl A, 0,060
2 B-Dimethyibenzaldatnyda <) OB M A 0,050

Sample I0: S16TO21223
Lab 10 1620241017

Collected, 07182014

Sampling Location: CARTRIDGE EVALUATION Recehed: 072002016

Mehod: EPA TO-114 Media: SKC 226118, Silica Gol (2.4- A alyTed: o726
Dinitrophsemyl j
Sampling Parameter: Alr Volume Not Provided
Result

Anaiyte (ug/sanple)  Result(mgi)  Result (ppm) L fugisample)

Fanrmaldetydo < 06D ) A D0G0

Acstaidehyde <0080 NA NA 0080

Acetone 0.17 NA NA 0.060

Acrolsin <0 06D MA hA, 0,060
Propionaldenyde <0 050 NA m 0.050
Resuiis Continird on Mest Fage
P B0 of 1 T = IHRER- 13 3
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ANALYTICAL REPORT

Workcedor. 3448202

Clent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potlar

Sample 100 S316TO21222
Ly 10 1620241007

Sarmpling Location: CARTRIDGE EVALUATION

Collacied: 07MB2016
Recetved: 07202016

Methvod: EPA TO-114

Media: SKG Z268-118, Stica Gel (2.4-

Analyred: 07RZYHIE

Dinitrapheryihydrazine)
Sampling Paramelen: Alr Volume Not Proded
Resull
Analyte {ug'sample) Result mgim) _ Result jppm) _ RL fug/sample)
Crotonaldehyde ={} 050 M M2 D050
Butyrakdehyde <0050 NA NA 0.050
Benwaldebyie 0,050 NA NA 0.050
Isgwvaloraldehyde =) 0] m m 0.050
WFID_ -Iuh.b!nﬂ' Ma, LA, U080
m Tolualdshyde <0050 m m 0.060
- Tolaldelyde 0} 050 MA M 0050
o Todualdatiydi <060 My A D060
Haxonal <0.050 NA NA 0.050
2. 5- Dimethyiben zuldelmy de <050 A ey, D050

Sample I0: S16TO021224
L 10 1620241018

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/1620NE
Recerved: 072002016

Mcthod: EPA TO-118

Media: SKC 226118, Slica Gol (2.4-

Analyed: 072202016

Dinits
Bampling Parameter: Alr Vodunne Not Fl'ﬂ.?ﬂﬂ
Result

Ansiyte {u'sample)  Resultfmgin)  Result ppm)  RL jugisample)
Fﬂl‘l‘rmrﬂﬂ Dns2 & A L0S0
Acyluidetryds L2g TN b 000
AL SO '|_..'| Pl A, 0060
Anrpiein w050 [ f [ G 0050
Propicnalehydy <0.060 m A 0.050
Crotonsicehyde <0.050 MA NA 0.050
Butyraldeiyda =[0G 2. A 0060
Benzaldehyde <0050 A NA 0,050
lealeraldehyde =00 [l [l 0060
Valesaldehydn i} (8 M A 0080
e Tolualdahyde <0050 sk /TN 0.050
pToualdshyde <0050 MA NA 0.050
o T odudldadrydi <060 Ma M 0060
Hesanal 0.050 NA NA 0.050
1, 5-Dimattvyiten zaldedmy de <) D50 Pl Pl 005D
P 11 of 18 N, DT RIET0 20 A IHREP-V13 4
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Workorder: | 3d-1620244
Clent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample ID: S16TO21225
L 10 1620241018

Collacted: O7MG20ME
Sampling Location: CARTRIDGE EVALUATION Recerved: 077202016

Methvod: EPA TO-118

Media: SKG Z268-118, Stica Gel (2.4- Analyred: 07R2AN1E

Dinitrepheryihydrazing)
Sampling Paramelen: Alr Volume Nol Proded
Resull

Analyte Result mgin)  Result (ppm) _ RL {ug/sample)
Formaldethyde 0,061 I M [iiati)
Acetalduhyde ] A NA 0.050
Ao elarm 6.1 & A D00
Acrolein <0.050 NA NA 0.050
Proplonslduirde 0080 .. i 0.080
Crotonaidetyde 0,050 NA NA 0.050
Blutyr kg e <) 050 HA M 0050
Bonzaldehvyde <0.060 NA MA 0.050
Isovalernicehyde =S80 M A 0050
Winhgr abded i =0.050 & [y DDED
i+ Tolualdetyde afl 050 [l A 0050
- Tolualdahydn =) 050 B hLa 0050
o T ohuaidehyde <0.050 NA NA 0.050
Haxanal <050 & A LDED
| &6 Dirnelfrylbon sl by o =060 P P, 0,050

cample 10 S16TO21226
Labs 10 162024100

Collected: 07162016
Sarpling Location: CARTRIDGE EVALUATION Receted 07/2020M6

Method: EPA TO-1148

Media: SKC 226118, Silica Gel (24- Analyred: 072272016
8

Dinitrophen meylrpdrazin
Samipding Paranelen Alr Velune Not Provided
Resull

Analyte (uglsample)  Result (mgim’)  Result ppm) _ RL jug'sample)
Formakdehyda 0.052 hA hA, 0,050
Acotaldehyde i.2 A Y DGR
Actans 18 HA MA, 0.050
A 1l i <(.0E0 P PRy 00D
Propionalden yda 0080 A m 0.050
Cretonaldehyde <0 050 [/ [/EY 0050
Butyrakiehyde 0050 HA NA 0050
Banzaldihiyde {060 [ M, DG
Isovaler <0.050 NA NA 0050
Valerakdehyds <0 050 A NA, 0,050
v Tolualde e <0 050 T MA, 0,050
p-Toluaidahyde <0050 NA NA 0.050
o Toualdshyde 0 050 HA m 0.050
Hezxanal 0 050 NA NA 0.050
Resulis Continusd on Mest Fage
P 13 of 18 Vi, DEARTE 10 Sk A IHRIER- 13 3
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Analytical Results

ANALYTICGAL REPORT

Workccdor [ 3448202

Clent Project ID: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Pollar

Sample ID: S16TOZ1 226
Ly 10 16200241020

Collacted: OTMG20ME

Sarmpling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Methvod: EPA TO-118

Media: SKG Z268-118, Stica Gel (2.4- Analyred: 07 R22N1E

Dinitrapharylhydrazing)
Sampling Paramelen: Alr Volume Nol Proded
Resuit
Analyie (ugisample) Result (mgim’) ___ Result {ppm) __ RL fug/sample)
2 5 Dimethylbenzaldetryde =i 050 Fel P& [kt

Sample 10: $16T021227
Lab 10: 18200241021

Collected: 07162014

Sampling Location: CARTRIDGE EVALUATION Recered: 0772002018

Niethod: EPA TO-118

Media: SKC 226-118, Silica Gel (24-
Dinitrophrydirydrasine)
Saempding Parameter; Air Velume Not Provided

Analyred: 0722016

Result
Anahyte (ugsaniple) Riess il (i) Result (oo RL fug/sample)
Formabditydn 0061 M MA 0.060
Agetalcehyde 0085 M MA, 0.050
Arehors 0,089 MA A 0.050
Arolein ) 060 M hiA 0,060
Propionaldehyde ) 050 M hA 0.050
Crotonaldelnyde ) 050 MA hA 0,050
Butyrshfehych 0 050 M A 0.050

Bunzaldehyde <0.060 NA NA 0.060
Isgealoraldehyde < 050 M hA, 0.050
Wiler akdetyci ) 050 MA hiA 0,050
mTolualdshyde <) 050 Mk hA 0,060
e Tolualdehyde o 060 MA MA 0.060
o Tolusldehyde i) 050 MA MA 0.050
Hexanal ) 050 fi A, 0,060
2B Dimathyibenzaldatny da <} 050 M hA, 0,050

Sample I0; S16TO21228
Lab 10 162024 102

Collected, 07182014

Sampiling Location: CARTRIDGE EVALUATION Recehed: 072002016

et EPA TO-114 Media: SKC 226-118, Silica Gol (2.4- Analyred: VR0
Dinitrophwemyl
Sampding Parametan Alr Veduma Nel Providged
Result
Anaiyte (ugisample)  Result(mginv)  Result ppm) _ RL (ug/sample)
Fanrmaldetydo < DEQ P, A 00&0
Acstaidanyde 3 A A 0.080
Ak chand 25 [l A, 060
SAprolein = 060 [ M, 0080
Prapionaldehyde 0,005 MA, NA 0.050

Fegulis Continued on Mex Fages

P 13 of 18
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ALS

Analytical Results

ANALYTICGAL REPORT

Workorder: | 34-1620244

Clent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld

Project Manager: Rand Potar

Gample 100 S16TO21228
Ly 10 1620024 1022

Sampling Location: CARTRIDGE EVALUATION

Collacied: O7MBR2016
Recetved: 07202016

Method: EPA TO-114

Media: SKG Z268-118, Stica Gel (2.4-

Analyred: 072272018

Dinitrapheryihydrazine)
Sampling Paramelen: Alr Volunme Not Proded
Result
Anayte (ug'sample)  Result(mgim)  Result (ppm) _RL fug/sample]
Crotonaldabyde ={} 50 M M2 DLD50
Butyraldehyse <0 050 NA NA 0.050
Benaaldehyde <0050 NA NA 0.050
Isawaloraldehyde =) D) m M 0.050
WHHD -!ﬂ.m Ma, (2 E (1011
m Tolualdehyde <0050 NA NA 0.060
- Tolaldelyde ) 050 MA A, 0050
o Todualdatiydi < 0ED Py 00 005D
Hexonal 005 NA NA 0.050
2, 5- Dimelhryiben zuldolmy de <050 L] A, 00S0

Sample I0: S16T021230
Ly 10 162024 1023

Sampling Location: CARTRIDGE EVALUATION

Collected: 07/1620N6
Recerved: 072002016

Fethviadl: EPA TO-118

Media: SKC 226118, Silica Gol (2.4

Anabyred: 07222016

Dinibrepbmylbrydrazne)
Sampling Parameter: Alr Volume Not Provided
Result

Anaiyte (ugrsample) Resull (mgin)  Result (ppm) AL (ug'sample)
Formaldetyde <0.050 NA NA 0.050
Acyluidetyds 2 .l A 0050
Al SO A2 A A 0,60
Acrolsin i) 050 MA MA 0.050
Propionakdehyde 0.5 P Pl 0.060
Crotonaldabyde =050 Felh, Y DL0ED
Butyraldeiyda <{L.06GD [ A DDED
Benzaldehyde <0050 HA M, 0.050
lealeraldehyde =000 [l A 00D
Unlgrabdehydn <} 080 Ma hA, 0,080
e Tolualdahyde <l 050 sk & 0.050
pToualdshyde <0050 HA rA 0.050
o T odudldadryda {0560 ] A DG
Hexonal 0,080 NA NA 0.050
7,5- Dimathyloenzaldeinyde <1} 050 MA hA 0.050
[T m - IHRER-V 13 3
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ALS

Analytical Results

ANALYTICAL REPORT

Workcader 34482021

Clent Project ID0: CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potar

Gample I0¢ S16TO021239
Ly 10 162024 1024

Sampling Location: CARTRIDGE EVALUATION

Collacted; O7HMG2016
Recetved: 07202016

Methvod: EPA TO-118

Media: SKG 228118, Shea Gel (2 4-

Analyred: O7RZYH1E

Dinitregheryihydrazing)
Sampling Paramelen: Alr Volunme Nol Proded
Resull

Analyte Result mgim) _ Result {ppm) _ RL fug/sample)
Formuldehyde 0,32 &I M, [iiati)
Acetalduhyde 1" _HA MA 0.050
Ao elarn 5T MA A Q.50
Acrolein <0050 NA NA 0.050
Proplonsiduinds 7 A s 0080 ]
Crotonsdetyde <000 NA NA 0.050
Bty kg e [E] HA M 0050
Bonzaldehvyde <0.060 NA NA 0.050
Isovalerpidehyde =050 Ma i e 0050
‘Wahee pldedhyde 1.2 & [y 0ED
i+ Tolualdetyde afl 050 [ A 0050
- Tolualdahydn =) 050 B hLA 0050
o T ohuaidehyde <0.050 NA NA 0.050
Haxanal 044 M A DLDED
| 26 Dirnettrylbon sl do =060 s P, 0,050

Sample 10 S16TO21232
Labs 10 1620241025

Sarpling Location: CARTRIDGE EVALUATION

Collacted: OVER20MG
Receted 077202016

Methvod: EPA TO-114

Media: SKC 228118, Sdica Gel (24-

Analyred: 072272016

Dinitrophonyihydrazing
Sampling Parameter; Alr Velume Not Provided
Result
Analyte (ugsample) Result {mgim) Result jppm)  RL fug/sampls)
Formaklehyds <0080 M NA, 0.050
Acotaldnhyde 4 NA NA 0.060
Acebar &1 MA, WA 0.50
Agrolein <0.060 MA MA 0,060
Prapanaldehydne 0,50 M, A, [T
Crotonaldehyde <0050 B hA 0.050
Butyraldehyde 0 050 A HA, 0,050
Benzaldityde 0,060 A NA, 0.060
Isovaler =0.050 MA NA, 0.080
Vialeeakdehyde <0050 M MA 0.050
e Tolualdehyde «0.050 MA NA, 0.050
p-Toluaidahyde <0080 MA NA, 0.050
o T olualdahyde =) 050 M A 0050
Haxanal i) S0 MA MA, 0050

Regulis Continued on Mex Fages

Page 15 of 18
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ALS

Analytical Results

ANALYTICAL REPORT

Workceder 34482021

Clent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

Sample ID: 316TO21232
Ly 10 1620241025

Collacted: OTMG20ME
Sampling Location: CARTRIDGE EVALUATION Receted: 07/20/2016

Methvod: EPA TO-114

Media: SKG Z268-118, Stica Gel (2.4- Analyred: 07R2AN1E

Dinitraphaonylhydrazing)
Samnpling Paramelen: Al Volume Nol Proded
Result
Analyie (ugisample) Result (mgim') ___ Result {ppm) __ RL fug/sample)
2 5 Dimethylbenzaldetryde =i 050 Pl ['F) [kt

Sample 10; S16T021233
Laty 10 1620024 1026

Collected, O7ME2016
Sampling Location: CARTRIDGE EVALUATION Recered: 0772002018

Niethod: EPR TO-118

Media: SKC 226118, Slica Gol (2.4~ Analyred: OTRZ2016
Dinitrophv i Fradrazing)
Sampding Parameter A Vedune Not Pronded

Resull

Anaiyte (ugisanple)  Result(mginv)  Resull (ppm)  RL (ugisample)
Formaldenyde 011 NA NA 0.060
Acetaldehyde w12 M A, 0050
Acstane 0.0%9 MA NA, 0.060
Acrolein <0050 hiA NA, 0.060
Propionakiehyde <0050 NA NA 0.050
Crotonaldehyde <0050 NA NA, 0.050
Busyrakdedyce 0050 MA MA, 0050
Bunzaldehyde <0.060 NA NA 0.060
Isovaloraldehyde <{.0%0 Pl et 0.050
Valer akderryde <0.050 NA NA, 0.050
rrthlnh:hquh =i} 5D Pl Pl L]
o Tohualdehydn <0060 NA NA 0.060
e Tolusidehyda {050 M [ 0.050
Heranal .11 P, A, 0.050
2 & Dimethylbenzaldetyde =0.050 NA NA, 0.050
Commanls

| Cuality Control: EFA TO-114 - (HEBN: 173313)

Sarmples 1620241001 and 010 required 10X diution for reporting of Acetone within calibrated range for front and back sections.
LME uzad to meda cormect LOCSLCSD and feld samples for Acetone only.

! Quality Contred: EPA TO-11A - (HBM: 17 3364)

Samples 1620241011, 012, 014, 023, 024 end 025 required 100 dilutian for reporting of Acetons within celibraled rengs for

Hront and back sections,

Sarnplas 1620241022 required 10X dilution bo Fonl SecSion only for reporting of Acobond within calibrated rangd,
LME weed to meda cormeet LCSILCED and feld samples for Acetone anby,

Page b6 of 1§
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ALS

ANALYTICGAL REPORT

Workcader 34182021

Cent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potlar

Report Authorization (/5 is an electronic signature thal commplies with 21 CFR Padt 11)

Pesr Review

Mtihvod
EPA TO-114

15 Daved Taymonr
OTFEG01E 13:20

Laboratory Contact Information

ALS Ervirncnmental
960 W Lavay Donod

Galt Lake City, Utah B4123

General Lab Comments
The resulls provided in this report relate only o the ibems tesied,
Sarples were receved in acobplable condibon uniess olferwse noted,
Samplas have not been blank comected unless otherwize nobed
Thi text report shall not ba reproduced, except in full, withowt witten approl of ALS

ALE provides prefessional anaktical serices for all samples submitted, ALS is net in @ pesition o interpret the dala and

Phone: (BO1} 256-7 700

15 Christopher Winber
. OTETRE 1024

Ernasl. alsillabEAL Slobal com

Wish: wiwnvalsele com

BTSN respensiblity for the qualty of the samples submited,

A quality control sarmples procassed with th samples in it report yislded scceptable results unlass athorwiss noted,
ALE is acomedited for specilic Bolds of tesling (Soopes) in the fllowing testing sectors. The qualty System implemented &t ALS

onfonms b accreditation requirements and is appied to all anakytical lesting performed by ALE, The foliovang teble bsts testing

wachor, acreditation body, acorad tation number and
manager for the current scope of accredimtion that applies io your analytical testing

wabsite, Fleate contact theoe accrediing bodes. or your ALS project

Tegting Sector Accreditation Body Cenificate Websie
(St andard) HNumber
Emirgrmantpl ACLAZS [Dlr ELAF ) ADE-V G RiE Ay BOlBEECLID Com
Uit (MELAC ) DT Fllp il Ll dh. gowiabAstempd
Havads LITO00G Pt dncap nar goaots dvailataenec s him
Dldghgrma TR0 MDAy dieg slabe olus A SDnaw
Iwa Lag ITH Pl vy mpadne OWIngg DNFREpul sl onoglor o pa
Flonda {TiI) ERTIDET it v dep state A usiabo Do acign
Texas [THI} T T0458-11-1 Fip Wy Bag lavem powbeldignisl_accred ool himi
indavina Hygans AHALAP LLC (B0 1703 amd D574 g Ay ahaaceradiadiaha arg
AlHALAP LLC IHLAPELL AP
Lo Tesbng
CPSE ACLASE (180 1100, CPEC) ADE - 2y Rl Aosaond Dolirssooep. com
Sod Durst, Faent ir iRl AR LLC [E50 1T0ES, B0 1574 Rt s shaacorediedala ong
AALAP, L OLLAP and
HLLAP)
Cwating SUpgismiants ACLASS (150 17005) ADIE <14 50 T vl BOLRE LTS (M

P 1F of 18

ke - ’u.ﬁmh'ﬁ. T
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ANALYTICAL REPORT

ALS
Workorder: | 3d-1620244
Clent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar
Dfinitions

LD = Lirvit af Dataction = MDL = Mathad Detection Lirnt, A siatistical astimat of mathad'me Saineiniment sansitivity.
LOQ = Limit of Quantitation = RL = Reporting Umit, & venfied value of methed'medininstrument sensithity,

MO = Not Debected, Tasting result not detected sbove the LOD or LOD.

MA = Nt Applicable.

** Mo mesult could be reported, see sample comments for details.

« This teeting resul is less than the numerical valkue.

1 This tesling result is betwasn the LOD and LOO and has higher analytical uncertainky than values ol o above the LOC

ALS Envrionmental cefifies this analylical repet is in comphance with the Hanford SOW, both
technically and for completenesss. Release of the dala conlained in this report has been eledronically
authorized by the following laborat ory representative:

P 18 o 1% Wnd, DTRTNE 1025 AM - IHRER-V 123
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Quality Control Sample

Batch Report

ALS
| Analysis Infermation
Workorder: 1620241
Limibg: W borcalFarke mance Freparation: Ma Analysie: EFA TO-114

Basie; ALS Laboraiony Group Baten: WA Baten: ILCAZI3 HEBN 173313

Preparsd By BA Analyzed By: Dand Taynor

LMB: Sigken
Annhyzed: 077303096 60 00

Units: Lgisampis
Analyte | Foesun] MDL
Farmaldenyds Ho| HA) .00
Acalaldaiya | WAL 000
Azatond o.218) HA| 0,050
Acrelin Ho| HAl o
Prg=iraldehyd MO na]  ooseol
Crilonslderepdd MOy HA, 1.0
Butyrsldodiydé WO na]  ooseo
B mdarodn ml A 0 oo
A 08 | HAl 10 50
VA srald ey HO (S
T oluaidehyds D) WAl oS
BT chusiathyde | NA] o050
o-Tehuakdshyds | HA) 00500
Hexanal wo| Hal  o.osee
250 ibenz Sdenyde | Ha 00500

LCE: 509341 LGSO 509342
Aralyaed: TR0 6 0000 Anabyzed: (772173016 0000

Diluson: 1 Dileitien: B
| Linits. ugfsemple H
Anahte Rosult]  Target] %Rec| OC Limits Result] %Rec| RPO| @ELimits
F il iy de | 200l  wo srs] e aus|  sus| oosi] oo 200
A 0Py 300 s wel we7| mos | ol ozas] ool 200
Acahan 2 s so0] sasl emz] 1ms el  sss] o] oo w0
Aerci i 254 = BEET EEEEE DD D ED
Progsinaldetiyds 34 ao|  we| sz vz D ED
Crotonakdshrds 247 I EET ST | et oemi| oo] e
Butyraldeimyde 3 so sl ess] 1z sedf ] am| en] 209
Berakishyds 5.08] sol e emn] vzs sosl el oserl ao] 200
Hacovisber il Siech 3.19) DR DD ED
Vil inldtyds 308 am| | sz e 29l we7]  vee] oo 200
i T ey a5 aol @i =08 nes L R L D
£-T chuaidaiyde 321 3o wi| ses] w2 s wel 1z on] =00
T sy 2a3] s Gry| ®B] ma 2m ®rQ 0685 ﬂl]l mﬂl
Haanal I 200 swo| sha] wre sl  wsl  rm] o] 200
2 EDumetnyitant idernde 347 o e wes] v DD ED
Pags 1 ofd L= AT E

1630341 - Page 19 of 25
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CQuality Contral Sam ple

Batch Report
ALS
Anaiysis information -
Workerder: 1620241
Limsits: HishorcalParioimandcs Peoparalion: NA Arilyla: EPATO-114
Baain; ALS Laboratony Groug Eatch: M Bareh: LCr13333 HEN 173383)
Propared By- hua Anadyzed By: David Teynor

Sormpies PE2024 1001 and 010 required 1000 diubon Tor repceting of Acelong within colibraled rerge ke front and back sechons.
LA i 1 s brmoecd L CSALCED and Sebld Sanpdas Tor Adalong Lnlly

T er—" 74 Critopher Winbse
OIS0 16 15:37 DTN 1217

B - Analfl ADowd régedrTre] el oF culsil of GOl emald RPD - Related % Diffanendd [Sods ! Spde Duplicals)

Ak = Semple result is gresber then 4 bmies the spée added HID) = Wot Detectsd (U = Cushber stso Aegs ansiyie o nol detected)
W - Sorpbe aevd Mapine Duygiiali s Miae S i Dhe rpoibing bmi LA, = ] Al alilsy

W - R i AT 1Ned CRNINMION TR O MR G 0 MDD AL @i PO MBI LT 0dr, wPal SrDinCAlié

v o3 e 125 by
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Quality Contrel Sam ple

Batch Report
ALS
e —— :
Workorder: 1620241
Limsilg: WrborcalFarkemance Freparation: Ma& Analysie: EFA TO-1148
Basie: ALS Laboraiony Group Baten: WA Baen: ILCATZI3E(HEN 173384)
Preparsd By MA Analyzed By: Dand Tapnor

LMB: ST
Annlyzed: G772303016 0000

Unite: ugeampls
Anatyte | Resur]  mou
Formaldeiede | A o
Acelalenyde O HAl  0Erso
Azaore 0237 Hal oo
Acrelimn Ho| HA| o
Prog=imadehyd MO na]  ooseol
Crlonslderedd MOy A 1.2
Butyrsldoliydé WO na]  ooso0
Bercmdeteydo wo| nAl  oosoo
e ] | HAl 10 250
Vel srald eyt HO NA]  o.os00
T oluaidehyds D) HAl oo
BT chusiathyde | NA] 00500
o-Teluakdshyds | Nl 00500
Hexanal wo| Hal  o.osee
250w itz $denyde | M 00500

LCE: 509472 LGSD: SM73
Aralyaed: 77220016 00700 Anabyzed: (71233016 0000

Dilusion: 1 Dieitien: B

Linits; ug'samply :
Analte Rosult]  Target| %Rec| OC Limits mé = lrn_I GC Limits
F il iy | 200 oaa] srs]| nea sozl w38 oo 200
Acit bty 301 a0l  wol war7] mos il oe] owezl oo] 200
Aol o 218 300 §2E W37 M08 2T LR 0358 ﬂl]l A0
Acrcitn 248 =BT ESEEE EED DD ED
Proginaldetiydes 3.1 = B EE D EDED
Crotonakdshrds 288 T 208 03] osss] ool 20
Butyraldeinyde 208) o el ess] 1z sol] e e8] on] w0
Barakishyds 5.02 1ol wi| emn] vzs st | zaa| on] 200
Hacorisr il 315 1o ws| ssa] s s3] wa| osar] on] =00
Valiridaiyda | am| | sz e zo9] we7] 3] ool 200
i T ooy 25 am| gsal o] nes 812 wa|  seol oo] w0
T chuiicainde 3.0 3o | szs] vz zrzl s  ess| ool 200
T ol 295 J FEE‘ HE] M4 205 B3 000 ﬂl]l mﬂl
Haanal | 2o wa| sha] wre svil eS| 228 oo] 200
2 EDumaryibant idernde 3.2¢] o e wee] 107 22|  wrl veel oo] 200
Page 3 ofd L= AT E

1630341 - Page 21 of 25
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Quality Contral Sam ple

Batch Report
ALS
|Analysis Infarmation |
Workorder: 1620241
Limila; HigfoecalParfimance Proparation; NA Aralynin: EPA TO1A
Baaia: A.l.ﬁl.mﬁnqp Batch: M Bareh: OA 3SR HEM 173304
Propared By: Hi Aradyzed By Dawid Toyner

Sampdes PE2024 1011, O 12, 014, 023, 004 and O2°% requiresd 1000 dinlion lor repostng of Acelong within calbraled renge for ont and back
B W
Semples 16200 1023 required 10X dlubon bo frort secteon only for eporhing of Acetons within calitraled rangs.

LAB wnd [ matin cormec] LCSACE0 and eld samples for Acelons only

;F_""ﬁ'?-"_'_"_" — e ——— ———
F5i Dot Torynor 15 Christopher Winber
0773872016 12220 TR0 10

B - Bnaivie apose reporing bevat or puitsice of condeol bemaks, RFD - Relaing W Difgrencs [Spée | Sods Duphicale]

A - s Pemull i GrRRnar T & 1T [T e D) - ot Detectind U - Crushibar alen ABJE SNyl & nol dedachid )
@ - Sampls and Mainx Duplicabs s hen 5 bmad Bhe reporing imi M, - Kol Appicatia

W = Rl i aaoiod 1her cabanadion mangs G rechuls aro nol adiurk]and Por Moty Cormad] o, witsed ddicalia

o e e 2025 b}

C.288
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ANALYTICAL REFORT

ALS
Report Cate: August 01, 2018
Robert (Buddy) Sosa Fhone: (S08) 3T3-1262
Washington River Protection So

PO Bood 850, MSE TH02

Richland, WA SE352

Anabgtical Resulls
Sampde ID: S16TO21368
Lab 1D 1620453001

E-mail: rober_w_sosafirl. gow
EEHEIEIEI s
Workorder: | 34-1630483
Chant Project I0: Washingion River Profechion
S0

Purchasa Order: 33502 Reld
Project Manager: Rand Polier

Collected: OTMSE0E
Regared 072206

Methed: NIOSH 1024

Media: SKC I26-37 Scrbent Tube Anahyged: 07730018
Sampling Parameter: Air Volume Mot Provided

Analyte

1.3-Butsdione

Fevaailt
imgizampls] Result mainr) Result jppm]  RL (mg/sample)
0.050 hid hlA 0a.010

Sample |D; S16TO21363
Lak |0 1620485002

Collected. 07152018
Recened: D706

Mathad: HIOSH 1024 Media: SKC I26-37 Serbenl Tube Anabyred: 0TII01E
Samgpling Parameter: Alr Volume Mot Provided
Fgsuli
Analyts {migisample) Result (mgin?)  Result jppm)  RL [mgisample)
1.3-Butedions 00010 NA [ 00010
Sampls [0 S96TO21370 Collected, OTMS2016
Lalky 10 1620423000 Rieceied, 072220168
Method: MIOSH 1024 Media: SHGC J26-37 Serbant Tubs Anahyred: 0FFMOMNE
anpling Parametan: Air Provi
Rosult
Anakyte [mgisamplel Result mgdm') Rasult jppry]  RL [mgisampla)
| 1,3-Bunadisne 159 i) MA 00010
AR R 9.0 Wit Le'ory Do, Sl Labw Dy, el B47 20 LA FECHE & 1 300 BEE T FAT &1 B JaE G007
AL GROMIF LS, CORF. an ALY Livn ived Com paniy
A =i g www.alsglobal.com
DT SPLUTIOINE ST mAWN TS
P 1 od 17 e, (Ol D6 500 B HRER.Y12 3

1620493 - Page 1 of 20
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ALS

Anabytical Results

ANALYTICAL REFORT

Werkoeder:
Chent Project ID: Washington Rivr Pretection
So

Purchase Order: S5502 Reld
Progect Manager: Rand Pobter

Sample 0: S16T021371
La 1D 165204 93004

Colacted, OTNS0E
Received: OT/Z2016

Methed: NIOSH 1024

Media: 5K X16-37 Serbent Tube Analyzed: 0730018

Snngling Farsmatar: Air Volsme Mot Brovided
Fazuly
Anakyte {mglsample} Result fmg/n?]  Result fppm)  RL [myg/sample)
1.3-Buladions 20019 A M Qo918
Sampie I SIETI21372 Ceilasiad: OTMS2016
Lab ID: 1620403005 Recaived, OTRI2EN0E
Methed: NIOSH 1024 Media; SKC 226-37 Sorbent Tube Anatyzed; 0773003018

Sampling Parameter: Air Volume Mot Provided

Anakye

1.3:Budadi

Rosult
{mgisample) Resule [mgm') Rasult jppm]  RL [mglsample)
g K ) 0,010

Sample ID: S16TO21373
Laty D 1620403005

Collected: OTMSE0G
Resshed, DVIZEN201E6

Maethed: NIOSH 1024

Madia: SKC J26-37 Scrbent Tube
Sampling Parametar: Air Volume Mot Provided

Anahyed: 070016

Analyie

Feaaailt
imgizampls] Result (mginr) Result jppm]  RL (mg/sample)

1.3-Butsdiene

2 hid hlA .00

Sample |D: S16TO21374
Ly 1D 16204 B5007

Colected, O7M206
Ressived, 0T 22206

Mathad: HIOSH 1024

Media: SKG 22637 Sarbent Tubs

Analyzod; 07302016
Sampling Parameter: Alr Volume Mot Provided

Result
Anaiyte {mgisample) Result [mgim']  Result (ppm)__ RL [mg/sample)
1.3-Budadions L0 L WA _a.ong
Sample ID: SI6TO213T5 Colledied: OTMS2016
L 1D 152304 53008 Received, 072272016
Method: MIOSH 1024 Media: SKG 226-37 Socbent Tube Anahyred: BTG
ampling Pa i Pr
Rosult
Analyte imgisample) Rasult (mgim') Rosult fppm]  RL [moisamplho)
1,3-Bu adi i 0.050 MA A 0.010
P Jad 17 bl (A0 Tl 50 HRER.Y11 3

1620493 - Page 2 of 20
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ALS ANALYTICAL REFORT

Werkoeder:
Cent Preject ID: Washington Rivr Pretection
So
Purchase Order: 55502 Reld

Anabytical Results

Project Manager: Rand Pobter

Sampie 100 SIETOZ1376
Lab 10 16204 9300

Colacted: 07MS201E
Received: OT/ZH016

Methed: MIOSH 1024

Media: SKC 226-37 Scrbent Tube
Sanmgling Farsmatas: Air Volsme Kot Brovided

Anatyzed: 0TS

Fensuly
Anakyte [mglsample) Resuli (mgim') Rasult jppm)  RL [mygisampla)
1.3-Buladions 0.13 MA [R5 2.010
Sampie I SIETI21377 Collastad: O7MS2016
Lab ID: 1620403010 Recaived: OTRZ0NE
Mathed: NIOSH 1024 Mediaz SKC 226-37 Sorbent Tube Anahered: 07/ 303016
Sampling Farameter: Air Volume Mot Provided
Rosult
FAnalye (i ample) Rasule [mg'm') RAesult (ppm)  RL [mgisample)
1. 3:Buiadi .50 L) iy 0,810
Sample ID: S16TO21378 Collected: 0TMSD16
Lat 1D 16204503011 Resshsad: 07222016
Mathed: NIOSH 1024 Media: SKC I26-37 Scrbent Tube Anahaod: 0T3WI0IE
Sampling Parametar: Air Volume Mot Provided
Rasult
Analie imgizampls] Result (mginr') Rezult (ppm]  RL [mgisample)
1.3-Buladions 0066 Ié R0 Q.01

Samphe |0; S16TO21378
Lab 1D 1620403012

Colected, 072G
Ressived, OV 22206

Mathad: HIOSH 1024

Media: SKGC F26-37 Sorbnt Tubs
Sampling Parameter: Alr Volume Mot Provided

Analyzed; 0T/INI01E

Fesult
Anaiye {mgisamgle] Result [mgin?)  Result (ppmi) _ RL [mg/sample)
| 1.3-Butadions =0.0010 _MA _MA LE L i
Sample ID: S46TOZ 1380 Collected: 0TMS20E
Lk 1D 1520453013 Regeived, 072272016
Method: MIOSH 1024 Media: SKG 326-37 Socbenl Tube Anahyred: OTRWEE
ampling Parameton: P
Raosult
Anakyte imgisample Rasult [mgin') Rosult fppm]  RL [mafsamplo)
N, 3B el & 1ok 200010 A, A, Qoo
P 3o 17 by, (st 6 5O HRER.Y11 3
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ALS

Analytical Results

ANALYTICAL REFORT

Werkrder:

Chent Project ID: Washinglon River Prodection
S

Purchase Order: S5502 Reld
Project Manager: Rand Pobter

Sampie 0: S16T021381
Lab 1D 1520493014

Colactad: O7MS0E
Received: OT 2016

Methed: NIOSH 1024 Media: SKC 236-37 Scebent Tube Anahyed: DTIO201E
Sa Paramiator: Alr Pr
Fensuly
Analyte {rmgls ample) Result [mgim') Rosult jppm]  RL [mg/sampla)
1.3-Bul adin e =010 A, ) Qo010

Sample [0 S16TO21382
Lak IO 1620403015

Ceflested: 0TMS2016
Recaied: OTIZ2G016

Methed: NIOSH 1024

Media: SKEC I26-37 Sorbent Tube Anahyred: 07/ 303016
Samgpling Parameter: Air Volume Mot Provided

Anakye

1.3:Budadi

iyl ample) Rasult fmgim') Result jppm) _ RL [mgisampla)
<0001 Mty B, o000

Sample D S16TO21383
Lat D 1620403016

Collected: 0TS0
Resshed, OVIZE2016

Mathed: NIOSH 1024 Mudia: SKC J26-37 Scrbent Tube Anahaed: 0TWI0IE
Sampling Parametar: Air Volume Mot Provided
Rosult
| Analyle imgizampls] Result (mginr') Result (ppm]  RL [mgizample)
1.3-Buladions <000 Id R0 hdih

Samphe |0: S16TO21384
L |0 1620403017

Colected, O7MSE0E
Ressivad, OV 22206

Mathad: NIOSH 1024 Media: SKGC F26-37 Sorbenl Tube Analyzed: 0TI0I0E
Sampling Parameter: Alr Volume Mot Provided
Fasailt
Anabyie {maisample) Result [mgim) Result [ppm) _ RL [mg/sample)
| 13- Butadiens =0ama MA L aaag i
Sample ID: S16TO21385 Collected: 0TMS2016
Lab 1D 1520453018 Received: 07222016
Method: NIOSH 1024 Media: SHG 226-37 Sorbenl Tubs Anahyred: OTROE0E
anpling Pa L H P
Raosult
Analyte (mgisample) Raosult [mgdm') Rosult jppm]  RL [maisample)
W3-t i 200010 A A Qoo
Faged of 13 Wi, RN T6 5000 P BERERVIT A

1620493 - Page 4 of 20
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ALS

Anabytical Results

ANALYTICAL REFORT

Werkceder:

Chent Project ID: Washinglon River Prodection

S
Purchase Order: S5502 Rald
Progect Manager: Rand Pobter

Sample I0: S16TOZ1385
Lab 1D 1520493005

Colactad: O7MS0E
Received: OT 2016

Methed: NMIOSH 1024

Media: SKC 226-37 Scebent Tube
Snnmgling Farsmatar: Air Volsmi Mot Brovided

Analyte

Rasult
[mgisample)

Anatyzod: 0TS

1.3-Bsladinne

<0000

Result [mg/n]  Result jppm)  RL (mg/sample)
M NA

Qoo

Sample (00 S16TO21387
Lab 1D 1620483020

Cellasiad: OTMS2016
Recaied: OTRZA0NE

Mathed: NIOSH 1024 Mediaz SKE 226-37 Sorbent Tube Anahered: 07303016
Sampling Parameter: Air Volume Mot Provided
Fasul
Analye [raitamgle) Result [mgim') Result ippml_ RL [ma'sample|
1. 3:Buiadi (LT I Iy 08010
Sample ID: S16TO21388 Collected: 0TMSD16
Lat 1D 1620450302 Resshsad: O7F223016
Mathed: NIOSH 1024 Media: SKC 226-37 Scroent Tube Anahaed: 07306
Sampling Parameter: Air Volume Mot Provided
Rasult
Analyie imaivample] Result [mgin) Rosult jppm]  RL (mgisample)
1.3-Buladions ouoned ] R0 00010

Sampte ID: S16TOR1389
Lab ID: 1620483022

Colected, 07206
Reseived, OV 22206

Mathad: HIOSH 1024

Media: SKC 22637 Serbent Tubs
Sampling Parameter: Alr Volume Mot Provided

Analyzed; 0T/INI01E

Fasailt
Anaiyie [rmgisample) Result (migim') Result [ppm)  RL [mgisample)
[ 1,3-Butadions o0 I ) a0a10

Sample [0 S16TO21380
Lty |0 1520453023

Collected: 075016
Regerved, 0722016

Method: MIOSH 1024

Media: SKG 22637 Sorbent Tube

Anatyzed: 07/30/N018

anmpling Paramiotion: P
Rosult
Analyte imgisample) Rasult (maim') Rasult [ppm)  RL [mafsample)
1,3- B adi i 00010 m A 00010
P 50 17 b, (A0 T 5D HRER.Y11 3

1620493 - Page 5 of 20
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ALS

Anabgtical Results

ANALYTICAL REFORT

Werkoeder:
Chent Preject ID: Washinglon Rivir Pretection
Sa

Purchase Order: S5502 Reld
Project Manager: Rand Pobter

Sampie 0: S16T021394
Lat 1D 120493024

Colaciad: O7MS01E
Received: 072016

Methed: NMIOSH 1024

Media: SKC 226-37 Scrbent Tube Analyzed: 0T/AOMH1E
Sanmgling Faramotar: Air Volume Mot Brovided

Analyte

1.3-Bsladinne

Fensuly
[mgisample) Result [mgim') Raosult jppm)  RL [mygisampla)
=00010 3 [R5 0910

Sample |00 S16TO21392
Lab D 1620483025

Cellested: 0TMS2016
Recaived: OTIZ2G0E

Methed: NIOSH 1024

Madia: SKE I26-37 Sovbent Tube Anahyred; 07303016
Sampling Parameter: Air Volume Mot Provided

Anakye

1. 3:Budadi

Rosul
{mgisamgle) Result [mg/m']  Result (ppmi__ RL [mg/sample}
<0001 m m 0.0010

Sample ID: S16TO21393
Lat D 162040300

Collected: OTMSE0G
Resshed OVIZEI01E6

Mathed: NIOSH 1024 Media: SKC J26-37 Scrbent Tube Anahaed: 073016
Sampling Parametar: Air Volume Mot Provided
Rasult
| Analyie imgizampls] Result (mginr') Resuli (ppm]  RL [mgisample)
1.3-Buladions <000 Id R0 ahdih

Samphe |0; S16TOZ21384
L |0 1620400027

Colected, 0706
Received, OV 222G

Mathad: MIOSH 1024 Media: SKC 22637 Serbent Tubs Anakyzed: 0TINI0E
Sampling Parameter: Alr Volume Mot Provided
Fasailt
Anaiyie [rmaisample) Result [mg ) Regult [ppm)  RL [mg/sample)
| 13- Butadions AT MA WA aaag i
Sample ID: S16TO21385 Collected: DTMBR016
Lats ID: 1520453028 Received: 07222016
Method: NIOSH 1024 Media: SKG 225-37 Sorbenl Tube Analyred: 0TUHE
anapling Par H P
Rosul
Analyte Imgisample) Rasult (mgim') Rasult {ppm)  RL [moisample)
13-t i s ke 200010 A A Qoo
Fags ol 12 ko, DR 16 5000 B BRER.VIT S
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ALS

Anabical Results

ANALYTICAL REFORT

Werkoeder:
Chient Preject ID: Washinglon Rivr Protection
So

Purchase Order: S5502 Feld
Progect Manager: Rand Pobter

Sampie I SIETOZ1396
Lab 1D 165204 93007

Colacted: OTMBL0E
Received: 072016

Methed: NIGSH 1024 Media: SKC 336-37 Serbani Tube Anakyed: 077307018
Sa Paramatar: Alr P, g
Feosuli
Anakye {mgisample) Result fmg/m') Rasult jppm]  RL [mgfsampla)
1.3-Bsladinne =0.0010 A A Q010

Sample (D0 S16TO21397
Lak D 16204 300

Cellested: 0TMEL0E
Recaiad: OTFZ2G016

Methed: NIOSH 1024

Mudia; SKEC F26-37 Sorbent Tube Anatyred: 0730018

Sampling Parameter: Air Volume Mot Provided

Rosult
FAnalye (i ample) Rasule fmg'm') Result (ppm)  RL [mgisampla)
1. 3-Bud adi =00010 L) iy 08010
Sample ID: S16TO21398 Collected: 0TMBAD16
Lat 1D 162048303 Resahsad Q723016
Mathed: MIOSH 1024 Media: SKC J26-37 Scrbent Tube Anahaed: 0TWI0IE
Sampling Parametar: Air Volume Mot Provided
Rasult
Analyie imgizampls] Result (mginr') Result (ppm]  RL [mgizample)
1.3-Buladions w7 Ié R0 00010

Samphe |0; S16T021383
L 10 1620400002

Colected, 07MGENE
Ressived, OV 222G

Mathad: MIOSH 1024 Media: SKC 22637 Serbent Tubs Anakyzed: 0TINI0E
Sampling Parameter: Alr Volume Mot Provided
Fasailt
Anakyie {maisample) Reault [mgin') Result [ppm) _ RL [mg/sample)
| 13- Butadions b0y MA WA o i
Sample ID: S16TG21400 Collected: DTMBR2016
Lat ID: 1520453003 Received: 07222016
Method: MIOSH 1024 Media: SKG 226-37 Sorbenl Tube Analyred: 0TWHE
a ing Pa L H P
Rosult
Anabyta Imgisamplie) Rasult [mgin?') Raosult jppm]  RL [maisample)
13-t i ke 200010 A A Qoo
Fage 7ol 17 ko, O 16 5000 B BRER.VIT S

1620493 - Page 7 of 20
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ALS

Armalytical Resulls

ANALYTICAL REFORT

Werkrder:

Chent Project ID: Washinglon River Prodection

S
Purchase Order: S5502 Feld
Progect Manager: Rand Pobter

Sample |0: S16T0Z21404
Lat 1D 162048930034

Colactad: OTMB0E
Received: OT/ZH2016

Miethed: MIOSH 1024

Media: SKC 226-37 Scrbent Tube
Snnmpling Farsmatas: Air Volsme Mot Brovided

Anatyzod: OTAFH1E

Fensuly
Anakyte (mglsampls) Resuli (mgim') Raosult jppm)  RL [mygisampla)
1.3-Bul adie e 0.086 A, RG] 0.010
Sampie I SI6TIR21402 Collastad OVMER2DTE
Lab 1D 1620403005 Recaived: 0722016
Mathed: NIOSH 1024 Mediaz SKC 226-37 Sorbent Tube Anahered: 07/ 30016
Sampling Parameter: Air Volume Mot Provided
Fasul
Analye {mgisample) Rusult [mgim') Rasult jppm]  RL [mglsamgle)
1.3+ Bud adi i L) Py 0,810
Sample ID: S16TO21403 Collected: 0TMBAD16
Lat 1D 1620453005 Resabsad: OF22201E6
Mathed: NIOSH 1024 Media: SKC J26-37 Scrbent Tube Anahaed: 0T3WI01E
Sampling Parametor: Air Volume Mot Provided
Rasult
Analvie img/zampls] Result (mginr') Result (ppm]  RL [mgisample)
1.3-Buladions 00E L] P& Q.01

Samphe |0; S16TOZ21404
L 10 1620403007

Colected, 07MGE0E
Recsived, OV 22206

Mathad: HIOSH 1024

Media: SKC ¥26-37 Sorbent Tuba
Sampling Parameter: Alr Volume Mot Provided

Analyzed; 0T/INI01E

Fesailt
Analyta [mgisamgle] Rissult [mgim') Result (ppml _ RL [mgisampls)
| 1.3-Butadiona 0033 b, P 2810

Sample [D: S16TOZ 1405
Lk 1D 1520453008

Collected: 0TMBR016
Received: O7R22M2016

Method: MIOSH 1024

Media: SHG 22637 Sorbent Tubs

Analyred: 07/30/N018

Rosul
Analyte |mgisample) Rasult (mgdm') Rasult jppm)  RL [mgisample)
13- Bt i s ke 200010 A, A Qoo
Page fad 17 ko, ORAF T6 5000 Bi BRER.VIT S

1620493 - Page 8 of 20
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ALS

Anabytical Results

ANALYTICAL REPORT
Werkrder:
Chent Project ID: Washinglon River Prodection

Fa
Purchase Order: S5502 Reld
Progect Manager: Rand Pobter

Sampie I S16TOZ1406
Laty 1D 1620483008

Colacted: OTMBL0E
Received: 072016

Mathed: NIGSH 1624 Media: SKC 326-37 Scrbeni Tube Anakyed: 0T/307X015
Samgpling Parameter: Alr Volume Mot Provided
Feasuly
Analyte {mgisamplej Result (mgim'} Raesult jppm]  RL [mygisampla)
1.3-Bsladione =0.0010 A A Q010

Sample (00 S16TO21407
Lab I 1620453040

Collacted: 07162016
Recaived: OTIZ2C01E

Methed: NIOSH 1024

Madia: SKE I26-37 Sorbent Tube Anahezed; 07303016
Sampling Parameter: Air Volume Mot Provided

Anakye

1.3:Bud adi

i ample) Raesult fmgim') Result jppm) R [mgisampla)
il Pl

=0.0018

00010

Sample D S16TO21408
Lat D G204 03041

Collected: O7MBE0G
Regshed, OVIZE20NE

Mathed: NIOSH 1024 Mudia: SKC J26-37 Scrbent Tube Anahaed: 0T3WI0IE
Sampling Parametar: Air Volume Mot Provided
Raosult
| Analyie imgizampls] Result [mginr') Result (ppm]  RL [mgisample)
1.3-Buladions <000 hd R0 hcih

Samphe |0; S16T021408
L |0 1620403042

Collected, O7MGE0E
Ressived, OV 222G

Mathad: HIOSH 1024

Media: SKC 22637 Serbent Tubs Anahyzed: 0TI0I0E
Sampling Parameter: Alr Volume Mot Provided

Fasult
Anaivte {mgisample) Result [ngim']  Result (ppm)__RL [mg/sample)
| 1.3-Butadiona =0.0010 L WA LRI i
Sample ID: S16TO21440 Collected: 0TMGRE
Ly [0 1530453043 Received, 072272016
Method: MIOSH 1024 Media: SKG 226-37 Socbent Tube Anahyred: OTRWEE
Sampling Paramaotor: Air Volumd Mot Provided
Rasult
Analyte Imgisample) Rasult (mgim') Rosult (ppm]  RL [moisamplho)
1,3-Bul adi sk 00010 m A 00010
P Gl 17 b, (A0 6 50 HRER.Y113

1620493 - Page 9 of 20
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ALS

Anabytical Results

ANALYTICAL REFORT

Werkoeder:
Chent Preject ID: Washington Rivr Pretection
So

Purchase Order: S5502 Fald
Project Manager: Rand Pobter

Sample 00 S16T021411
Laty ID: 16204830494

Colacted, OTMBL0E
Received: OT/ZH016

Methed: MIOSH 1024

Media: SKC 336-37 Serbeni Tube
Samgpling Parametar: Alr Volume Mot Provided

Anatyzod: 0TS

Analyte

Fensult
{megls ample) H.mﬂrrlp'ﬂﬂ Raosult Ipplﬂ RL [mygisampla)

1.3-Bsladione

0,058 n.010

Sampla (D0 S16T029412
Lak 1D 1620453045

Ceflasted: 0TMEL01E
Recaied: OTIZ2G016

Methed: MIOSH 1024

Madia: SKEC T26-37 Sorbent Tube
Sampling Parameter: Air Volume Mot Provided

Anatyed: 070018

Resul
{megis ample)

Analye Result fmgin') Raault hl'.ll'ﬂ RL [mgisamplha)

1.3:Buiadi [ ] i 08010
Sample ID: S16TO29443 Collected: 0TMBD16
Lat 1D 1620453045 Resahsad: OF230NE
Mathed: MIOSH 1024 Mudia: SKC I26-37 Scrbent Tube Anahaed: 0TWI0IE

Sampling Parameter: Air Volume Mot Provided
Rasult
Analyie imaivample] Result [mgim) Rosult jppm]  RL (mgisample)
1.3-Buladions 0047 Id R0 Q.01

Sampie ID: S16TO2 1444
Lo 1D 1620400047

Colected, O7MGEE
Received: OV 22206

Mathad: HIOSH 1024

Media: SKC 22637 Serbent Tubs
Sampling Parameter: Alr Volume Mot Provided

Analyzod; 0TINI0IE

Fasailt
Anaiyie (rnaisample) Result (migim') Regult [ppm)  RL (mgfsample)
| 1.3-Butadiona LLLILE M, M LELIT

Sample [D: S16TO2 1415
Lk |0 1520453048

Collected: DTMBR016
Recsived: O7R22M2016

Method: MIOSH 1024

Media: SKC 32637 Sorbant Tube
Sampling Parsmetor: Air Volume Not Provided

Analyzed: 07/30/N018

Raosult
Anakyte imgisample Rasult [mgin') Rosult jppm]  RL [mafsampls)
13-t i ke .ar2 LA, A 0.010
Fage Hof 17 Whcs, R 16 500 B BRER.VIT 3

1620493 - Page 10 of 20
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ALS

Analylical Resulls

AMALYTICAL REPORT
Wiorkorder:
Client Project 1D: Washington River Protection
Sa

Purchase Order: 55502 Reld
Project Manager: Rand Polter

Sample ID: S16T0Z 1416
Lab 1D 162483049

Collacted: 0TNMB2016
Recetved: 072202016

Methed: MIGSH 184

Media: SKC 31637 Sorbent Tube Analyzed: 0TROR01E

[ Par = Air T
Rosult
Analyte imglsample) Result [mg/m’) Result jppm]  RL (mgisample)
1,3-Budachine ={.0010 A, A (s[5 1]

ample I S16TO2147
Lab 10z 1620402050

Ceollsed: OTME2016
Recetad: OTrZrH018

Methed: MIQSH 1924

Mediaz 3KC 226-37 Sorbent Tube
Sampling Farsmeter: Air Volume Mot Provided

Analyzed; 07302016

Result
Analye mg/sample) __Result {ng/m’) ___ Result fppm)__RL {ma/sample]
1.%Butadiens {15018 hiid, Iy o.a014

Sample I0: S16TOZ 4418
Lab 10 1520403051

Collected: 07H 62016
Recatad: DTRZ2016

Mathed: MIOSH 1024

Madia: SKC 226-37 Sorbenl Tube
Sampling Parameber: Air Volums Mot Provided

Analyzed: 0702016

Rasult
Analyte img/sampe) Reosult (mgm') HFesultjppm]  RL (mgisample)
1.3-Butadhens 00040 hid, A fudoid

Sample 1D S16T021418
Lab 10 182468052

Collected, 07MBR2016
Recahved, OTRIA2016

Methed: MIDSH 1024

Media: SKC 226-37 Sorbent Tube
Sampling Parameter: Alr Velums Mot Provided

Analyzed: 0TROZME

Rasult
Analyte {mg/sample) Result [mg/m)  Result (ppm) _ RL (mgisample)
13 Butadane 00010 A m (I

Report Authorization (5 iz an slecirenic signature that complies with 21 CFR Pan 11)

Mathad Analyst Poer Raview
2 Fred Rejali 2/ Thomas J. Masokan
PGS 1h0d ORO1F2006 15:08 ORNIFR0TE 1837
Laboratary Contact Infonmaticn
ALS Ermvirenmental Phone: (801) 2667700

F50 W Levey Drive

Dol Lake City, Lok 4123

Email: alsH lab@AL5Glcbal sem
Wieb: wiwer alsshe.com

Paga 11 of 17

ietpe QRUOAMS 5 O R
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ALS ANALYTICAL REPORT

Workerder.
Chient Project ID: Washington River Protection
Sa

Purchase Order: 55502 Reld
Project Manager: Rand Polter

Gonoral Lab Comments
The resulls provided in this repor relate anly o The ilems lesied.
Samples were recersed in acceplable condilion wnless otherwae noled.
Samphes have nol Badn Blank comidied unless dharsise Aobed,
This test roport shall not be reproduced, excepl in full, withoul writton approval of ALS.

ALS provides peofessional anakytical services for all samples submilled. ALS 5 not in @ pesition 1o inlerpre the data and
assumes no responsibilly for the qually of the samples submitled.

Al guality comirel samples processed wilh the samples in this repor yielded acceplable results unless olhersise nobed.

ALT ig accradited for specific fialds of basl Ilﬁbﬂl}lﬂmﬂw leating seclors. The quality syslem implemented 8t ALS
corforme 1o accreditation reguiremsents and i applied o all anabyical tegiing performad by ALS. The following table Eziz tesiing
sectar, accraditalion body. accrediation number and websie. Please contacl these sccrediting bodies or your ALS praject
manager Far The current scops of accredialicn thal apples 1o your analylical lesting,

Teating Sector Accraditabion Body Cedificais Webaite
[Standard) MNumber
Erwr crimntal ACLASS {DoD ELAF) BIDE- 1420 Pt e CTEL O SO
Livah {RELAC) DATA1 PTED AU tinh el
Huwads UTOO00E hitp #ndep = goribs dvalabssros ltm
Dlahgma TR0 o Movwten o] 5 e o PO U
lereal AN 3TE g e dsemetnt geral naiss MRS Praguinan e aaps
Flosica [THI} EETI0ET it M dep s tate 11 uslisbels prols asi el
Tnas (Trii} TajaTOdad5a 11.1 T vt ] 8] et Qe A0 03 _C e il
Indhesirail Hiy i AHLLAP LG 150 17025 ond 101514 Pl Wi Ol Ml s Ong
ATHALAF LLC IHLAFELLAF)
Lemd Taglmg
CREC ACLASE (IS0 17026, CPFSC) ADE. 140 Pl vy L SO C0Mm
Soil, Dazst, Paint Al ABHAL AP LLC (150 17035, 101574 hittp Mwwer shaaccredtediabs ong
AHALAF, LT ELLAF gnd
HLLAF]
Caafary Soppdenents ARCLASS (IS0 1T025) ADE: 120 i Wevwer Aclassoom Com
Definitions

LOD = Limil of Delection = MOL = Method Delection Limit, A stalislical eafimefe of melhodimediafinsiument sensitoty.
LoD = Limil of Quanidalion = RL = Repoming Limil, A verSed value of mefhodim ediafnsirument §ensiny.

HD = Mot Detected, Testing resull nol delecied above the LOD or LOG.

MA = Mol Applicable.

*" Me retull could be reporied, zes zample commeniz for delails.

< Thig testing resull is less Man the numerical walue,

{ ) This testing resuh is batween the LOD and LOG and has higher analyiical uncerainty ihan vabues ol or above the LOG

ALE Envricnmental certifies this anaiyical report is in complance with the Hanferd SOW, both
technicaly and for compldeness. Felease of the data contained in thig repon has been dectronically
authorized by the following laboratory representative:

Paga 13 of 17 Btpe ORUDAA TS 5 O P IHSER W13
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Quality Control Sample

Batzh Report
ALS
- -
Wiorkonder: 1620493
Limite: HistorcalFeriomance Praparation: Ha Anahyzie: NIOSH 1004
Bamin: &5 Latsnmony Geoun Bateh: WA Bsten: IFIDVTEDD (HEM: IT3EB1)
Prepared By HA Anakyred By Fr‘-dﬂ:q’-l
R 510
AnabyTed: BTG O o)
Unks: mpSsample
1,3-Buladens 0| mal o000
B 50
Analyred: 07205006 0000
Uniks; mpfiample
1,5-Bula®i 0| T T
B 500
Analyred: 0720000 E 0000
Unitz: mp'sample
1.3-Bulachns 0| LK
Laborstory Control Sample - Laboratory Control Sample Duplleatse
LGS: S10281 LESD: §10264
Anddyped: (TS G000 Arvabymed: (1018 00 00
Dilustlon: 1 Delution: 1
Unifs: mpsampla Lhnits : mp/sompda
Aralye Rescl]  Torget| %Ree| 0CLisita Result] WARec| RPO| GG LimEs
1 3-Bulibiens nosos]  nosos] weq| ee] vos ooa| oar| oam| oo| 200
LES: 510085 LESD: §10267
Ansiyped: BTGNS G Arbyped: (T8 00 00
Dilstion: 1 Delution: 1
Units: mgianplo Lnits | mpiEamin
Analyle Reautl]l  Torget| %Rec| GELEits | Resul| %Re| RPo| SELimes
1. 3-Bulivchins TN EEEED BT poztal  ea1] s oo 200
LES: 510088 LESD: S10270
AnalyTed: (TS 0000 Arbyzed : OTA0C01E 00 0
Diletlon: 1 Delution: 1
Ursits: i gl Lt : i
1.3-Buti it oozas]  ooxra] o8] Pro] 1178 oose]  wr  pve]  oo] 200
Pagin 1012 Ry, Augaasl 01, 2000 GCE W

1620493 - Page 13 of 20
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Quality Contrel Sample

Batch Report
ALS
‘Analysis Information
Workorder: 1620483
Limits: HistorcaliPertonmans Praparation: Na, Anailyala: HIDSH 1024
Basis: ALS Laboratory Gmup Batch: M Batch: IFIDVTEES (HBH: 172581
Prapared By: NA Arvatyzed By: Fred Rl
i Firod Fajoh FE Thamiad o M olan
DEL0NE 15058 SO N0IE 1537

RiEr Rl e b Oyfeence | Spis § Spde Ouplicale]
MO = hiok Detected (U = Crushifier slso Angs anaiyle = nof deleched)

o = Anlyle shove feporing kil or oulsede of contnol Bmils
ik = Semple resuk is greater than 4 bmes the spics sdded
i - Sample and Watr Duplcate bas Tan 5 1imes ins neporing bl A = Mol Sppa

G PR R N0 BARAFR T MANEIUNE COMRClion. Whiew BDDICaDHe

& - REEuR 6 above v CORErIGON enge

Page 2012 Monday. August 01, 2018
1620493 - Page 14 of 20
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C.309
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ALS

Robert (Buddy) Sesa
Washington River Frotection So
PO Bawx B50, MSIN TE-02
Richland, WA SE352

Analyfical Resulis

ANALYTICAL REPORT

Report Date: July 28, 2016

Phone: (509 373-1262

E-mail: rebert_w_sosai.gov
21
Waorkorder | 34-1620246

Client Project ID: CARTRIDGE EVALUATION
Purchage Order. 55502 Reld
Project Manager: Rand Polter

Sample ID: S16T021121
Lab |D: 1620248007

Collected: OFM52018
Sampling Location: CARTRIDGE EVALUATION Recened: OV202016

Method; NIOSH 1613 Mod, Riadia: SKC 22801, Charcoal Tube Analyred: 07262018
‘Ilﬂﬂ'ﬁ:ﬂg
Sampling Parameter: Alr Volume Not Provicded
Resall
Analyte jug/sample) Result (mgin)  Result (ppm)  RL (ug/sample)
 Pyricing 0.01 NA N 050
Z - Dimethylpyricine 1.3 WA LY 050

Zample |D: B16TOH122
Lab |0 TE202q800

Collected: 07520414
Sampling Location: CARTRIDGE EVALUATION Receled: 077202016

Meitied: NIOEH 1613 Mod Media: SKC Z26-01, Gharcoal Tube Aralyzed: 07262018
10050mg
Sampling Parameter: Air Volume Hot Provided
Result
Analyte (g sample) Resalt {mgim' Result [ppm)  RL (ug/sampid)
Pryriling <050 A M 050
2 4-Dirnathylpyridine 0,50 MA [ 0.50

Sample |D: S16T021123
Lab 1D 1620246003

Collected: 07/152016 |
Sampling Location: CARTRIDGE EVALUATION  Recesved: 07/20/2016

Methed: NIOEH 1613 Mod Media SRC 22601, Charcoal Tube Analyzed: OTZE201E
10EQmg
Sampling Parameter; AIF Violume Mot Prov ded
Rasult

Aniyie (ug/sample) Rosukmpwwh _ Fosulc ippm) Rl (upfeample)
Pyriciing o), 50 MA MNA .50
| 2.4-Dimethylpyriding =0.50 NA hasn 0.50

ADDRESS Bi0 War Loy Drivey 528 Lace Cioy, Lian, B4023 USA | FOME «) @01 266 TTO0 | FAX +1 800 DES Wl

AL CROLE LPeh, CORP, i ALE Limn Dgd Comparny
PRl www.alsglobal.com
FSCH T B TR i ] e

Page 1048 (T e T &1) Prd e HREP-VIJ &
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ALS

Analytical Results

ANALYTICGAL REFPORT

Workorder: | 34-1620246
Clent Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample ID: S16TO21124
Ly 10 1620245004

Collacted: OTMS20ME
Sarmpling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Mlethvodd: NIOSH 1613 Mod. Media: SKG 226-01, Charcoal Tube Analyred: 07 R2EM1E
100/50mg
Sampling Paramelen Alr Volumme Nol Proded
Result
Analyte (ugisample)  Result mgim) __ Result ppm) __ RL (ug/sample)
i s . o el
24 Dimelhylpyridine <0.50 NA NA 0.50

Sample ID: $16T021125
Labr 10: 1620246005

Collected: 0752016
Zampling Location: CARTRIDGE EVALUATION Recened: 07720720168

itetivesd; MIQEH 1813 Mod.

Mudia; SKC 22801, Chareoal Tube Analyzed; 07/26/2016
'Im'ng
Sampling Parameter, Alr Volume Hot Provided

Result
(ugfsample)  Resut(mgi)  Result ppm) _RL ugisample)

Analyto
Pyriding =50 M A 0.50
Z4-DimethApyriding 40,50 [ A, 0.5

Sampla I0: S16T021126
Ly 10 1E2024600G

Collected: 0711520016
Sampling Location: GARTRIDGE EVALUATION Reserved: 072002018

Metivod: NIQSH 1613 Mo Media: SKC 72801, Charcoal Tube Analyzed: OTREMIE
100/ 50mg
Hampling Parameter: Alr Violunne Not Proided
Result
Analyte {ug/sanple) Result (mgin’)  Result (ppr) R (uglsample)
Ponichinis 0 B Pl b, 0.50
2 Dimathdpyridine =0 50 Pk Bl 050

Sample I0: $16T021127
Lab 10 1620248007

Collected: 07152016
Sampling Location: CARTRIDGE EVALUATION Recered. 0772002018

Mathod: MIOEH 1677 Mod. i ?K.G 22501, Chargoal Tube Analyred; 07 26G01E
Samipding Parameter; Alr Volume Hot Provided
Resull
Andahyte Rkt (maginy Riesult (ppit)  RIL (ugisamipde)
Poricini <0, 60 P M 050
24 Dimethrvigymidine =050 M MA 0.50
Py 28 8 & $h,.|| |:|.'r1315 aar-'u e HRER- V3§
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ALS

Analytical Results

ANALYTICAL REPORT

Workcader [ 341872026 |

Cient Project I CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potiar

Gample ID: S16TO21128
Ly 10 1620248008

Collacted: 075206
Sampling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Method: NIOSH 1613 Mod.

Media: SKG 226-01, Chareoal Tube Analyred: 07 REHIE

100/50mg
Sampling Paramelen Alr Volunme Not Prodded
Result
Analyte (ugfsample) Result (mgim) _ Result (ppm) _ RL (ug/sample)
Pyricing =0.50 A h&, 0.5
24 Dimathpyriding <0.50 NA MA 0.50

Sample ID: S16T021128
Laly 10 1620245000

Collected: 07520016
Zampling Location: CARTRIDGE EVALUATION Recered: V202016

Tibetived; MIDEH 1813 Mod.

Mudia; SKC 22801, Chareoal Tube Analyzed; 07/26/2016
'Iwm'ng
Sampling Parameter; Alr Volume Not Provided

Result
Analyte (g sampe) Result (mgim’)  Result (ppm) _ RL (ugisample)
Pyriding =0.50 NA NA 0.50
24-Dimethylpyriding 00,60 NA MA 0.50

Sampla I0: S16T021130
Lae 10 1620246010

Collected: 0711520016
Sampling Location: GARTRIDGE EVALUATION Reserved: 0772002018

ethod: MIGSH 1673 Mod.

Media: SKG Z26-01, Charcoal Tube Analyzed: 072016
100V S0mg
Barmpding Paramieter Alr Volunne Not Prowvided

Result
Analyte {ugisampie) Result mgin’)  Result jppm) RL fug'sanple)
Pogrichimis <0 6 Pl hlA, 0.50
2 Dimathlpyridine =i B0 Tl i, 050

Eample ID: S16T021134
Lak I0: 1620246011

Collected: 07152018
Sampling Location: CARTRIDGE EVALUATION Recered. 0772002018

etieds NIOEH 1617 Mod.

Media 131.'3 22601, Charcoal Tube Analyrad; OVR2G016

Samipding Parameter Alr Volume Hot Provided
Resull
Andahyte (' samiple) Result (main’ Result (ppm)  RL fugisampde)
Pyriching 1.0 s, A 0.6
24 Dimethrvigymidine 1.3 A A 0.50
P 3ol 8 o TFus, |:|.'r1313 a0 Paa e HRER- V13
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ALS

Analytical Results

ANALYTICAL REFPORT

Workorder: | 34-1620246
Clent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potlar

Gample ID: S16TO21932
Ly 10 16202480102

Collacted: 075206
Sampling Location: CARTRIDGE EVALUATION Receted: 07/20/2016

Method: NIDSH 1613 Mod.

Media: SKG 226-01, Chareoal Tube Analyred: 072 THNE

100/50mg
‘Sampling Paramelen Al Volume Not Proded
Result
Analyte (ugisample)  Result jmgim) __ Result ppm) __ RL (ug/sample)
vt il . e e
24 Dimethpyriding <050 NA MA 0.50

Sample ID: S16T021133
Lal 10 1620246013

Collected: 0752016
Zampling Location: CARTRIDGE EVALUATION Recened: 072072016

ibetived; MIQEH 1813 Mod.

Mudia: SKC 22801, Charcoal Tube Analyzed; 077272016
'IW!d:h'ng
Sampling Parameler Alr Volume Not Provided

Result
Anaiyte (ugysample) Result (mgim)  Result (ppm)  RL (ugisample)
Pyrding <0.50 NA NA 0.50
24 Dimeltdpyriding 0,60 B R4, 060

Sample 1D S16T021134
L 10 1520245014

Collected: 0711620016
Sammpling Location: GARTRIDGE EVALUATION Reseived: 0772002018

et MIGEH 1693 Mod.

Media: SKG Z26-01, Charcoal Tube Analyzed: 07RTE01E
100V S0mg
Barmpding Parameter Alr Volunne Mot Prowvided

Result
Analyte fup'sample) Resull fmgim?)  Result ppm)  RL (ug/sample)
Pogrichimis a.r P hlA, 0.60
2 Dimathdpyridine 11 Il i, 0,50

Eample ID: S46TO21115
Lat: 10: 1620248015

Collected: 07/16/2018
Sampling Location: CARTRIDGE EVALUATION Recened. 0772002018

et NIOEH 1617 Mod.

M 131‘.'3 22601, Charcoal Tube Analyred; OV IR016

Sampding Parameter; Alr Volume Hot Provided
Resull
Andahyte (' samiple) Result (main Result (ppnt)  RL fugisampde)
Pyriching <060 s, A 0.6
24 Dimethvigymidine =050 A A 0.50
Py i i B o !r-,.-, |:|.'r131! a0 P L HRER VS
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ALS

Analytical Results

ANALYTICGAL REPORT

Workorder: | 34-1620246
Clent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Polar

Gample ID: S16TO21136
Ly 10 1620248016

Collacted: OTMG20ME
Sampling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Method: NIDSH 1613 Mod.

Media: SKG 226-01, Chareoal Tube Analyred: 072 THE

100/50mg
Sampling Paramelen Alr Volunme Not Proded
Resull
Analyte {ugisample) Result (mgim') __ Result ppm) __ RL fug'sample)
Pyricing =0.50 HA A 050
2.4 Dimethylpyrding <0.50 MA NA 0.50

Sample ID: S16T021137
Lab 10: 1620246047

Collected: 07MB2016
Zampling Location: CARTRIDGE EVALUATION Recered: V202016

Mibetived; MIDEH 1813 Mod.

Media: SKC 22801, Chareoal Tube Analyzed; 077272016
'Iwm'ng
Sampling Parameter; Alr Volume Notl Provided

Result
Anaiyte (upsampie) Result (mg/m’)  Result (ppm)  RL (up/sample)
Pyriding =0.50 NA NA 0.50
24 Dimethylpyriding 00,60 NA MA 0.50

Sample 10 S16T021138
Lake 10 1E20246018

Collected: 0711620016
Sarmpling Location: GARTRIDGE EVALUATION Reseived: 0772002018

et MIGEH 1673 Mod.

Media: SKG Z26-01, Charcoal Tube Analyzed: OTRTIO1G
100V S0mg
Barmpding Paramieter Alr Volunne Mot Prowvided

Result
Analyte fup'sample) Result (mgim?)  Result (ppm)  RL (up/sample)
Prading <060 MA NA, 0.60
2 d-Dimathylpyridine <{1 5 M bk, o.50

Eample ID: S16TO21110
Lat 10: 1620248019

Collected: 07162018
Sampling Location: CARTRIDGE EVALUATION Receved: 0772002018

ot NIQEH 1613 Mod.

Ml ?WCF 22601, Charcoal Tube Analyrad; OV IG016

Samipding Parameter; Alr Volume Hot Provided
Resull
Anahyte (' samiple) Result (main Result (ppm)  RL fugisampde)
Pyriching <060 M P& 0,60
24 Dimethryigymidine =080 & A 0.50
Bagg S0l lm - IHRER V13 &
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ALS

Analytical Results

ANALYTICAL REPORT

W’nrka'derl B-I-'IEEIH:H|

Cent Project 1D CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potar

Gample ID: S16TO21140
Ly 10 1620248000

Collacted: OTMG20ME
Sarmpling Location: CARTRIDGE EVALUATION Recetved: 07/20/2016

Method: NIDSH 1613 Mod.

Media: SKG 226-01, Chareoal Tube Analyred: 072 THIE

100/EImg
Sampling Paramelen Al Volunme Not Proded
Resull
Analyte J.'ug'wmlﬂ Result In!hﬂ Result (ppm)  RL Eu!'unplll
Do <0.50 N Iy 050
24 Dimelhlpariding <50 A HA, 0.50

Sample ID: S16T021142
Ll 10 1520246031

Collected: 07MB2016
Zampling Location: CARTRIDGE EVALUATION Recened V202016

betived; MIQEH 1813 Mod.

Media; SKC 20801, Chareoal Tube Analyzed; 077272016
'IW!d:h'ng
Sampling Parameten; Alr Volume Not Provided

Result
Analyte [y 5] Result (mgim’} Result (ppm) R (ug'ssmpde)
Pyricing =050 MA A, Q.50
Z4-Dimethylpyriding 0,60 B RA, 060

Sampla ID: S16T021143
Lab 10 1G202468022

Collected: 0711620016
Sampling Location: GARTRIDGE EVALUATION Reserved: 0772002018

et MIGEH 1673 Mod.

Media: SKG Z26-01, Charcoal Tube Analyzed: OTRTI016
100V S0mg
Barmpding Paramieter Alr Volunne Mot Prowvided

Result
Analyte (uysample)  Result(mgin’)  Result ppm)  RL (ug/sample)
- <0160 hA hiA, 0.60
2 Dimathylpyridine. =150 Pk Bl 0,50

Eample ID: S46TO21444
Lat 10: 1620248023

Collected: O7HE2016
Sampling Location: CARTRIDGE EVALUATION Reoened: 072052016

tivods NIOEH 1613 Mod.

hedia ?WCF 22601, Charcoal Tube Analyred: 07016

Samipding Parameter; Alr Volume Hot Provided
Resull
Analyte [ sample) Result (main Result (ppm)  RL (ug'sanpde)
Pyrichine <0.60 M A 0,60
Z4-Dimethryigymiding =050 M MA 0.50
P Bol i lm o IHRER-V 13 3
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ALS ANALYTICGAL REPORT

Workceder [ 341872026 |

Clent Project 10 CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Poar

Analytical Results

Sample 1I0: S16T0Z21145 Collagted: O7MR20M6
Lk 10 1620245024 Sarnpling Location: CARTRIDGE EVALUATION Rescetved: 07202016
Meltod: NIOEH 1613 Mod. Media: SKG 22601, Chareoal Tube Analyred: 07272018
100/50mg
Sampling Parameer: Alr Velume Not Provided
Besull
Analyte (ugsample) Result {mgim)  Result (ppm) L fug/sample)
Pyriding 080 WA NA 0.50
Z.4-Dimelhiylpyricing 11 HA M4 0.50
Sample ID: S16TO21146 Collected: O7/182016
Lab 1D 1620246025 Sampling Location: CARTRIDGE EVALLUIATION Recened 077202016
Mo MIDEH 18713 Mod. Media; SKC 22801, Charcoal Tube Analysed; 0F2TI2016
'Im'ng
Sampling Paramelen AF Violumme Nol Provided
Result
Analyte (g sample) Result (mgim?) Resull (ppm)  RL (ug/sample)
Pyriding =050 M A 0.50
2 4-Dimsthyipyriding 0,50 M A, 0.50
Sampla 10 S16TO21147 Collected: 07M&2016
Lab 10: 1620248026 Sampling Location: CARTRIDGE EVALUATICON Rescerved: 0772002078
Method: MIQEH 1693 Mod. Media: SKC 272601, Chareaal Tube Analyzed: OTRTI016
100/50mg
Bampling Parameter: Alr Violunne Not Provided
Result
Anhyte [u sanple) Result (gl Result ippn) R (up/sample)
Py =11 6 Pl hid, 0,60
24 Dimattrypyricing =050 M M, 0.50
Cammants

Imﬂfcm; HIOSH 1613 Modl = (HEN: 173466

The referesnced method has not been validated for 2 d-dimethyd pyridine. Additionally, studses regarding meda collection
affciency, sample storage stability, analyie retention capability, ardior analyte desorption effickancy haes not baen parformadd

Report Authorization (5 iz an electronic signature that complies with 21 CFR Part 11)

Methied Analyst Peer Review
15 Emilie Prait I5F Thomas J. Mascian

NIOEH 1613 Mod Q770168 11:26 DFZRR0E 1431
Laboratory Contact Information

ALS Emvironmantal Phana: (B01) 266-7700

S0 W Levay Drnve Emal: alsitlabEal SGlobal com

Zalt Lake City, Ltah 84123 Wik www alssic.com
Py T 8 " $h,.|| -_'-.'rj?.ng a0 P LT HRER IS
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ALS ANALYTICGAL REPORT

Workorder: | 34-1620246
Cent Project ID- CARTRIDGE EVALUATION
Purchase Order: 55502 Reld
Project Manager: Rand Potar

General Lab Commeants
Thie results provided in this report relabs only ta the bems tested.

Samples were received in acceptable condition unless atherwise noted,
Samples have not besn blank comected unless otherwise nobed.

This test report shall not ba reproduced, except in full, without whitten approval of &15

ALS provides professional analytical sonices for all samples submitted, AL is not in o position bo interprel the data and
assumes ro respongibility for the quakty of the samples submited.

Al quality contrel samples processed with the samples in iz report yielded acceptable resuls unless sthersize nobed.

ALS is acoredibed for spociic Balds oftesting (scopes) in the fliswing testing sectars, The quakty system implemented 8t ALE
confonmrs to sccreditation requirements and is appied io ol anaktice! lesting performed by ALS, The following teble sts testing
sactor, accreditation body, sconed tation number and websilts, Fisaze contact thess sccrediting bodies or your AL 5 project

manage: for the current scope of accreditation that applies fo your mnalytical testing

Testing Sector Accraditation Body Centificate Websita
(St andard) Humber
Ermargrmapntal ACLARS fOwlr ELAP ) AN g Hesey aolassoorp com
LI (BRI ) DaTaN FREE Al Fo Ut o e R DA
Muvads LIT CeRaCe hitp Aindap e poabs dvailabsanscs him
Didghgmg LG Flp v deg Shabe ok usA S0naw
Ny LaE BT Tl o apuneli (pm oo ip oI el s oy P e e
Flonda [THI]) EETIDET Pl Ay dag shals A uslabeberssasiga’
Tomas (THI) TIDETO456-11=1 Kl s fo9q laves . gow'Bdigaiel gocred ool Rimi
Indusging Hypens AHALAP, LLC (20 17025 0nd BOISTE Pl vy phaacirediadpbg org
AIHALAP, LLC HLARPELL AF)
L] Tispling
L& 0 ACLARE (180 17035, CPEC) ADE -8 )y FID Aoy BCERE0T COm
Sod, Durst, Pasnt S AL AR, LLC (B0 11025 ST Rt Ay sbaaccrediadiaba org
AlHALAP, LLC ELLAP and
HLLAR)
Caotary Supplamants ACLASS (150 17035 ADE « 14 T bt e BolEssoorp.com
Diefinitions:

LOD = Limit of Dataction = MDL = Mathod Detection Lirit, A statistical astimate of mathod'me diaintirument sensitivity,

LOG = Limit of Cuaniitation = AL = Reporting Limit, & verified value of methedmedininsirumant sensitiity.

MO = Not Detected, Testing result not deteded shove the LOD or LOD.

BA = Mot Applicable.

** Ho result could be reported, see ssmple comments for details.

« Thit bESing resul is lass than Ihe rumsncal valus.

{1 This testing result is bebvasn the LOD and LOG and has higher anakytical uncertainty than values at o above the LOC.

ALS Ervvmionmental cenifies this analylical repar is in comphance with the Hanford SOW, bath
technically and for compleleness. Release of the data confained in this repor has been eledronically
authorized by the following laboratory representative:

P Bol 8 - $r-,.|, nJrJEI’nH IEP'M LT HRER V3§
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Quality Contral Sam ple
Batch Report

Workerder: 1620246
Limila: HislomcalPadonmancs Proparalion: NA Areilyaiac NIDSH 1813 Mod
Baain: ALS Laboratony Group Bach: M Baceh: iSvVOrE0TH HEM: 173460}
Propared By- hui, Ansdyzed By: Emils Frat

LMB; 506726
Analyzed: TG 15:38

Units: ugsample
v s MoL| AL
Erprictis ne ' i 2|
3 A-Dwmain pyrine HE [T |
LME: S007T32
Anlyzad: OTIVI0IE 0501
Uinits: up'sample
Analyte Rz MOL A
Oy pa,
MO [

Py 0200
2 s-Dnmsmipyridng [ :m'

LES: 08730 LESD: 504734
Aralyzed: DI201E 1058 Analyzed: OT/HH 18 218
Dilustion: 1 Dilistign: 1
Units: ugsampse _ Lnits!
Anaiyte _ Fas | %ee| GGLmny | ﬁ‘;ﬂl;l RPD| GG Limits
[ 1.98 300 a:rnl ate| 1411 141| ?nq 11§ oo| @21
2A-DAmetmipyrane 111 EEIENED EEEE D EE
LGE: S00T38 LESD: SoaTad
Analyzad: DUIT20IE 0821 Anslyzad: DRIZUZ01E 0220
Dilution: 1 Dilution: 1
Uinits: ug'sampls Uinkts: wodsampls
nants Rosun|  Target| %Ree] oCUmm Resut] %Ree] ROl ocLimits
i 1 a5 zoof e3a] ma] mia = BEE EE L
3 ADamem yipyridne 1.34] 168)  663] 517[ 1300 1o sa0l  1ee] oo] i

Th retevisticnd reafucd burs raod bty waledibisd e 2 A-chenilingd pyeschrs Akl ey, shucins risgsrdnng shadia Coligction efodncy. Sam e
83500 0 Shebibly, BOAHE FLENBON SECAbALy, NN NaE BHSSrTAION Sfloetrnct Nt ol Dadh [rtorened

5 Enniin Pl P i o). Wi
OTFTAA0N6 1128 OTARRY0NE 1431

B - ARG O igorTes]) el O (el of Conniy il ey FPD - Rtatn e Camo ravedg [Sptop /| Spuics Duplicale]

A - ARG PAELAL 1L SRR TNAR 4 (IR IR P A B - Mt Dabatad U - CHUMILAF A5 MAZE AREIS 54 AST 48 Aes )
i - Sormple e Radnio Duphoabe [ess than % imas Bhe reporhing mé A, - ML Appacatie

o - RSl i Aok 1Mk CHRIESHON FAMGH G0 Ut &5 Nl BT Mof MOy COMMELTISn, Wieh BODRCAbi

Pags 1af1 Trarasy, July 26, 201 QCE VAN
lﬂ-ml-li-ll'-ntiohl
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(__) RJ LEE GROUP "””“'“%WEE

Carl Hovalkd 1V 0318516

Washinglon River Protecton Solutions, LLC Comiract Mo 55503 RS
PO B 250 MSIN Hi=16
Richland, Wa 99352

Projecis Caririkdge Evaluation

Subject: Mitrosamines Analysis Report, Group Number 20062097
Enciased i the final report lor groaip AN606F aumber snalyeed for MNibroaarmine using MIOSH 2522-Moditied. Thia
roup nusmber AHAET has been assigned a Columbia Basin Analytical Laboralories kegin order numbser of WSIF0S9.

This weysort comsists of 4 summary veport off the sarmples, o Laboratory ripo of each nidm i, o single quakity
samiral report far the analys=is balch,and a copy of the chain of cusbody.

Gieneral Sel Co end

Columbia Easin Analytical Labombories received 25 snmples on OF £1918 1o be tesled For Nilrosmines, The samples
W u\ﬂyred I acvordance whth MPOSH 2522-WMaod| fled for H-P'Hl.ﬂwrdl.lmlh_rhmlm, H-Nllrmm_l,'k'm:ﬂ.umlm,
M-BMitrceadicthylamine, b-Mit di-n-propylamine, M-Mitresedi-n-batylaming, M-Milrccopiperidine,

P Moo rvoliclmeasd N-Mlmwmphzaim. Al iz ave bovn cormecbed Tor desorplion efliciency and
moasairaide lvels in the Blanks,

Comformmtional anslysiz ans penfprmad quelilelively e e excessive imberferemer i oll samples.

Fosilive Resulls

T v dolec batde nitrosamanes comoenlralions above (he reposting it in e samples.
16-05032-11-Al WiEAUIE-01 MN-Milresodiethy lamine 024 ug/ lube
Ti-5082-01-A1 WaEISa-01 MMitrceodimothy lmane ik ) pg b
1605982.11-A1  WEOPOS9.01 M-Nilropodi-n-propylamine 0155 yi/ tubse
16-05982-11-Al WisDAE9-01 M-Milnsomethylelhylamine D30 wgd ke
1a-05a82-11-A1 WinliF(5a-01 M-Mitnmomonpholine w3 s bl
16-05082-11-A1  WeOTOse.n N-Mitrosop periding 0z g b
16-05952-11-A1 WiOR0s9-01 M-MNitrosopy rmolkdine Fe g/ b
160508201 H1  WEOTOs-11 M-Mitrosodimethylamine 0060 g/ tubse
16-05982-11-111 WEIFOs9-11 M-Mitrososti-n-propylamine 024 Mg/ lube
160538 2-01-H1 WIS MW-Mitrsomctbyeibylamine 05 s/ iube c
18059831141 WaIT059-14 M:Mitrosodiclhylamine s HE/ lube
16-015983-11-Al WELFIS9-14 M-Milrcscdimethylamane LI P ] [ TTEY]
16-05383-11-A1 WEOTDS9-14 W-Mitresodi-n-butylamine 66 s/ b
16-018053-11-A1 WEOTUSE-14 M-Mitroodi-n-propylamne s g b
16-015983-11-A1 WHITOS9-14 M-Milrcsorethylehylamine 0249 b
16=05953-11-A1 WEOT(59=14 M=Mitrosomorpholine 057 MR Mube
1A0508311-A1  WEOTOS9-14 M-Nilrosopiperiding 0110 g/ tube

Columbia Basin Analyiseal Laboratories | 2710 Moeth 20 Aveniuss, Pasoo WA 93301 | 50954545959

C.324
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( VR] Lee Group

16-05963-11-A1 WBOPOS9-14  N-Nitrosapryrrolidine 0116 g/t
16-059E3-11-H1 WEOTIE9-24  N-Nitrosodimethylamine 019z e/ tube
16059601 1-111 WEOPIS-24  NeNitrosodisnebutylamine 0023 wgftube €
16-05983-11-H1 WEOPOSS-24  N-Nitrosodi-n-propylamine 0.0 g/ tube
16-05063-11-H1 WEOPIS9.24  N-Nitrosomethylethylamine 0.043 g/tube
16059631 1-H1 WEDPO5-24  N-Nitrosomorpholine 0.040 v/ tusbe
16-05963-11-H1 WEOTOS9. 4 N-Nilsosopiperidine 0.034 g/ tube
1e-05963-11-H1 WEOPOS-24  N-Nitrosapyrrolidine 0k g/ tube
1G0S98 1 1-IN-BASE  WEOP059-26  N-Nitrosodimethylamine 0.040 P tusbe
1-03960-11-IN-BASE  WEO7059-26  N-Nitrosadi-n-butylamsine 0.052 g/ tusbe
1605083 11-IN-BASE  We07039-26  N-Nitmsapiperidine 00124 g/ tube

Recovery Failures in the IOV, OOV's, LS, RL and MREL

Thiere wire red recovery failures in thie IOV, COV, LS, L0 There wene recovery’ failures in the MEL

RS0 Failures in the LOS and LOSDY

There wiere rer RS0 Gilires between Lhe iboratory eontrol samples
Measurable Blank Values

There were o measurabibe analytes in the blank samples.
Calibration Curves

The calllseation eurves for the Nitrosamines had an B-value that was 0.997 or better, over a range of 5.0 ng/ml. o 200
ng/mL.
General Lab Comments

The resulis prowiched in this repon relae andy to the iems ested. Samples were receivesd in aocepiabbe
conditions unleds sherwise noted in the cammenis abave. Samples have not been field blank cormected
uriless sherwisg nobed in the general st comments abavie. This best repont shall nod e reproduced,
except in full, without written approval of Columbia Basin Analytical Laboraiories,

1 certify that this analytical report is in camplisnee with ihe Hanford S0W, bath technically and for

compleleness, Rebease of the data contalned in this hard copy report has been suthorized by the
Labswatory Dinector ar a designee as verified by the following sigrature.

i -
;LJ(\R;%M&J}" -/%{:-\ — D&/ 16/ 18

Scientist 1l DeNomy Dage

This repori has been reviewed and approved by the following individual:

O e T
e C__‘ FET S 0818/ 16

Setentist | Fernanda Fincheira

I omn e anry quecstions, please led free B contact DeMNoamy Dage a ddage@nlz.oom or at
SOG4 085,

Coumnbia Harin Analyiacal | abaraborios | FTH0 Maarily 20th Ao, Pasgo WA T3 | 50 5950959
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Appendix D

Data Reduction Steps

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.”

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.

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 =2425——
MV

where C is the concentration of COPC in ppmv; r is the analytical result with units of ug/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.

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, OF 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 (Pcartridge) 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 (Pupstream — Prube) + Pstandard.

For measurements made at the outlet of the respirator cartridge the pressure correction factor is
(Pupstream -P cartridge — Ptube) - Pstandard-

D.1



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) (Pube, inches of WC)
A 5.0 12.4 8.7
B 6.9 7.2 7.1
C 23 2.5 2.4
D 0.8 0.8 0.8
E 1.9 2.1 2.0
F 3.8 6.8 53
G 1.6 1.7 1.7
H 7.7 6.5 7.1
I 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 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 category instead of volatile organic compound (VOC) (or
volatile organic analyte) were used. For acetonitrile, results from the VOC category were used.
For butanal, the results from the VOC category instead of the aldehydes category were used. For
pyridine and 2,4-dimethylpyridine, the results from the VOC category 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 OEL range. COPCs with these highlights (only) are plotted and
shown in Appendix E.
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Measurement Approx. DL

COPC# Analyte End Time (h)  Position Conc. (ppm) OEL [ppm) Fraction of OEL <Di? (%OEL)
1 Ammonia 2 5982-A1 416 25 1663% 2.35%
1 Ammonia 16 5882-H1 433 25 1733% 2.35%
: L Ammenia 2 5982-A2 61 25 243% 2.35%
1 Ammenia 4 598281 345 25 1379% 2.35%
1 Ammaonia & 5882-C1 405 25 1619% 235%
1 Ammenia 8 5982-D1 141 25 563% 2.35%
1 Ammonia 1o 5982-E1 366 5 1466% 2.35%
1 Ammaonia 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 Ammenia 2 5983-A1 403 25 1611% 2.35%
1 Ammonia 16 5883-H1 479 25 1915% 2.35%
1 Ammaonia 2 5983-A2 53 25 212% 2.35%
1 Ammenia 4 598381 256 25 1185% 2.35%
1 Ammonia b 5983-C1 402 5 1608% 2.35%
1 Ammaonia B 5983-D1 284 25 1137% 2.35%
1 Ammenia 10 5983-E1 A78 25 1912% 2.35%
1 Ammonia 12 5983-F1 442 25 1767% 235%
b Ammonia 14 588361 410 25 1640% 2.35%
1 Ammenia 16 5983-H2 ABS 25 1859% 2.35%
3 Mercury 2 5982-A1 0.00159 0.003 52.0% 743%
3 Mercury 16 5982-H1 0.00128 0.003 42.0% 7.43%
3 Mercury 2 5982.A2 0.00022 0.003 7.15% YES 7.43%
3 Mercury 4 5982.81 0.00022 0.003 724% YES 743%
3 Mercury B 5982-C1 0.00022 0.003 7.10% YES 7.43%
3 Mercury 8 598201 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 Mercury 14 £982-G1 0.00022 0.003 YES 743%
3 Mercury 16 5982-H2 0.00022 0.003 YES 7.43%
3 Mercury 2 5983-A1 0.00153 0.003 7.43%
3 Mercury 16 5983-H1 0.00156 0.003 7.43%
3 Mercury 2 5983-A2 0.00021 0.003 YES T43%
3 Mercury 4 5983-B1 0.00022 0.003 YES 7.43%
| Maercury B 5883-C1 0.00022 0.003 YES 7.43%
3 Mercury 8 5983-D1 0.00022 0.003 YES 743%
3 Mercury 10 5983-E1 0.00022 0.003 YES 7.43%
3 Mercury 12 5983.-F1 0.00022 0.003 ] YES 743%
3 Mercury 14 5983-G1 0.00022 0.003 7.12% YES 7.43%
3 Mercury 16 5883-H2 0.00041 0,003 13.5% 743%
4 1,3-Butadiene 2 5882-A1 10 1.0 102% 2.02%
4 1,3-Butadiene 16 5982-H1 11 Lo 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 6 5982-C1 0.37 1.0 37.2% 2.02%
4 1 3-Butadiene B8 588201 0.90 1.0 B9.7% 2.02%
4 1,3-Butadiene 10 5982.E1 18 1.0 184% 2.02%
4 1,3-Butadiene 3 5982-F1 10 1.0 100% 2.02%
4 1,3-Butadiene 14 58982-G1 2.7 1.0 268% 2.02%
4 1,3-Butadiene 16 5982-H2 15 Lo 153% 2.02%
4 1 3-Butadiene 2 5883-A1 14 1.0 138% 2.02%
4 1,3-Butadiene 16 5983-H1 L2 1.0 125% 2.02%
4 1,3-Butadiene 2 5983-A2 0.019 1.0 1.87% YES 2.02%
4 1 3-Butadiene 4 5583-81 0.020 1.0 2.00% YES 2.02%
4 1,3-Butadiene B 5883C1 0.35 10 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-F1 LY. 1.0 123% 2.02%
4 1,3-Butadiene 12 5983-F1 18 10 181% 2:.02%
4 1,3-Butadiene 14 5883-G1 2.4 10 241% 2.02%
4 1 3-Butadiens 16 5883-H2 21 1.0 214% 2.02%
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™M t Approx. DL
copcH Analyte EndTime (h]  Position Conc. {ppm} OEL (ppm) Fractionof QEL T ouremen 5

<DL? {%OEL)
5 Benzene 2 5882-A1 0.00276 0.50 0.551% 0.024%
5 Benzene 16 58982-H1 0.00404 0.50 0.208% 0.024%
5 Benzene 2 5882-A2 0.00011 0.50 0.022% YES 0.024%
5 Benzene 4 5682-81 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 B 5982-D1 0.00011 0.50 0.022% YES 0.024%
s Benzene 10 5982-E1 0.00011 0.50 0.021% YES 0.024%
5 Benzene 14 5982-G1 0.0001% 0.50 0.037% 0.024%
5 Benzene 16 5882-H2 0.00025 0.50 0.050% 0.024%
5 Benzene 2 58983-A1 0.00431 0.50 0.863% 0.024%
5 Benzene 16 5983-H1 0.00320 0.50 0.640% 0.024%
5 Benzene 2 5983-A2 0.00011 0.50 0.021% YES 0.024%
5 Benzene 4 5583-B1 0.00011 0.50 0.022% YES 0.024%
5 Benzene B 5983-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%
5 Benzene 12 5983-F1 0.00011 0.50 0.021% YES 0.024%
-1 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 0.00009 0.20 0.047% YES 0.048%
6 Biphenyl 16 5982-H1 0.00008 0.20 0.040% YES 0.048%
(] Biphenyl 2 598242 0.00008 0.20 0.042% YES 0.048%
[ Biphenyl 4 5982-B1 0.00005 0.20 0.043% YES 0.0ME8%
6 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-E1 0.00009 0.20 0.044% YES 0.048%
[ Biphenyl 12 5982-F1 0.00008 0.20 0.042% YES 0.048%
3 Biphenyl 16 5982-H2 0.00009 0.20 0.045% YES 0.048%
&  Biphenyl 2 5983-A1 0.00018 0.20 0.088% YES 0.092%
6 Biphenyl 16 5983-H1 0.00018 0.20 0.088% YES 0.092%
6 Biphenyl 2 5983-A2 0.00016 0.20 0.082% YES 0.092%
[ Biphenyl 4 5983-81 0.00017 0.20 0.085% YES 0.092%
[ Biphenyl & 5983-C1 0.00017 0.20 0.0B6% YES 0.092%
[ Biphenyl 8 5983-D1 0.00018 0.20 0.092% YES 0.092%
[ Biphenyl 10 5983-E1 0.00018 0.20 0.092% YES 0.092%
[ Bighenyl 12 5983-F1 0.00018 0.20 0.090% YES 0.092%
[ Biphenyl 14 5983-G1 0.00018 0.20 0.090% YES 0.092%
6 Biphenyl 16 5983-H2 0.00018 0.20 0.088% YES 0.092%
7 1-Butanel 2 5982-A1 0.78 20 3.89% 0.005%
7 1-Butanol 16 5882-H1 0.34 20 1.68% 0.005%
7 1-Butanol 2 5982-A2 0.00154 20 0.008% 0.005%
7 1-Butanel 4 5982-B1 0.00083 20 0.004% YES 0.005%
7 1-Butanol B 5982-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 5882-H2 0.00151 20 0.008% 0.005%
7 1-Butanol 2 5883-A1 0.86 20 0.005%
7 1-Butanol 16 5983-H1 10 20 0.005%
7 1-Butanol 2 5983-A2 0.00083 20 YES 0.005%
7 1-Butanol 4 5983-B1 0.00085 20 YES 0.005%
7 1-Butanol ] 5883-C1 0.00083 20 YES 0.005%
7 1-Butanel 8 5983-D1 0.00088 0 YES 0.005%
7 1-Butanol 10 5983-F1 0.00083 20 YES 0.005%
7 1-Butanol 12 5883-F1 0.00083 20 YES 0.005%
7 1-Butanol 14 5983-G1 0.00080 20 YES 0.005%
7 1-Butanol 16 5883-H2 0.00097 20 YES 0.005%
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M t Approx. DL
copc# Analyte EndTime (h]  Position Conc. (ppm) OEL {ppm) Fractionof OEL oo uremen X

<DL? [%0EL)
5 2-Hexanone 2 58982-A1 0.018 5.0 0.367% 0.003%
9 2-Hexanone 16 5982-H1 0.016 5.0 0.322% 0.003%
g 2-Hexanane 2 5882-A2 0.00003 5.0 0.002% YES 0.003%
5 2-Hexanone 4 5982-81 0.00008 50 0.002% YES 0.003%
9 2-Hexanone & 5982-C1 0.00008 5.0 0.002% YES 0.003%
9 2-Hexanone ] 5982-D1 0.00008 5.0 0.002% YES 0.003%
2 2-Hexanone 10 5982-E1 0.00008 5.0 0.002% YES 0.003%
9 2-Hexanone 14 598251 0.00016 5.0 0.003% YES 0.003%
9  2-Hexanone 16 5982-H2 0.00016 5.0 0.003% YES 0.003%
-] 2-Hexanane 2 5983-A1 0.018 5.0 0.355% 0.003%
9 2-Hexanone 16 5983-H1 0.016 5.0 0.324% 0.003%
L] 2-Hexanone 2 5983-A2 0.00008 5.0 0.002% YES 0.003%
9 2-Hexanone 4 5983-B1 0.00008 5.0 0.002% YES 0.003%
9 2-Hexanane 5} 5883-C1 0.00008 5.0 0.002% YES 0.003%
9  2-Hexanone 8 5883-D1 0.00009 5.0 0.002% YES 0.003%
9 2-Hexanone 10 5983-E1 0.00008 5.0 0.002% YES 0.003%
9  2-Hexanone 12 5983-F1 0.00008 5.0 0.002% YES 0.003%
] 2-Hexanane 14 5983-G1 0.00008 5.0 0.002% YES 0.003%
g 2-Hexanone 16 5983-H2 0.00010 5.0 0.002% YES 0.003%
11 4-Methyl-2-hexanane 2 5982-A1 0.00133 0.50 0.266% 0.030%
11 4-Methyl-2-hexanone 16 5982-H1 0.00135 0.50 02705 0.030%
11 4-Methyl-2-hexanone 2 5882-A2 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 4 5982-B1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone [ 5982-C1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone S 558201 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 S5982-H2 0.00015 0.50 0.0308% 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 5883-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 5983-B1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 1 5983-C1 0.00008 0.50 0.016% YES 0.030%
11 4-Methyl-2-hexanone 8 5883-01 0.00008 0.50 0.017% YES 0.030%
11 4-Methyl-2-hexanone 10 5983-F1 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-hexanane 14 5983-G1 0.00008 0.50 0.015% YES 0.030%
11 4-Methyl-2-hexanone 16 5883-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-2-one 16 5982-H1 0.047 0.20 23.5% 0.090%
13 3-Buten-2-one 2 5982-A2 0.00017 0.20 D.0B7% 0.090%
13 3-Buten-Z-one 4 5582-B1 0.00017 0.20 0.0B4% YES 0.090%
13 3-Buten-2-one ] 5982-C1 0.00019 0.20 0.094% 0.090%
13 3-Buten-2-one - 5982.D1 0.00035 0.20 0.177% 0.090%
13 3-Buten-2-one 10 5982-F1 0.00080 0.20 0.399% 0.090%
13 3-Buten-2-one 14 5882-G1 0.,00018 0.20 0.090% YES 0.090%
13 3-Buten-2-one 16 5982-H2 0.00330 0.20 1.65% 0.090%
13 3-Buten-2-one 2 5983-A1 0.00015 0.20 0.077% YES 0.090%
13 3-Buten-2-one 16 5883-H1 0.041 0.20 20.3% 0.090%
13 3-Buten-2-one - 5983-A2 0.00017 0.20 0.0B4% YES 0.090%
13 3-Buten-2-one 4 5983-B1 0.00017 0.20 0.0B6% YES 0.090%
13 3-Buten-2-one ] 5983-C1 0.00017 0.20 0.083% YES 0.090%
13 3-Buten-Z-one 1 5883-D1 0.00024 0,20 0.120% 0.090%
13 3-Buten-2-one 10 5983-F1 0.00021 0.20 0.104% 0.090%
13 3-Buten-2-one hir ) 5983-F1 0.00061 0.20 0.306% 0.090%
13 3-Buten-2-one 14 5883-G1 0.00373 0.20 1.86% 0.090%
13 3-Buten-2-one 16 5983-H2 0.00088 0.20 0.442% 0.090%
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™ ¢ bl
copcH Analyte EndTime(h} Position Cone. (ppm} OEL (ppm) Voot | THRmTemnt. APDEoN

< DL? [%OEL)
14 Formaldehyde 2 5982-A1 0,026 0.30 0.631%
14  Formaldehyde 16 5982-H1 0.00799 0.30 0.631%
14  Formaldehyde 2 5982-A2 0.00189 0.30 YES 0.631%
14  Formaldehyde 4 5982.81 0.00183 0.30 YES 0.631%
14  Formaldehyde & 5982.C1 0.00180 0.30 YES 0.631%
14 Formaldehyde 8 588201 CLO0L1ES .30 YES 0.631%
14  Formaldehyde 10 5982-F1 0.00184 0.30 YES 0.631%
14 Formaldehyde 12 59832.F1 0.00179 0.30 YES 0.631%
14  Formaldehyde 14 5982-G1 0.00180 0.30 YES 0.631%
14  Formaldehyde 16 5982-H2 0.00181 0.30 YES 0.631%
14 Formaldehyde 2 5983-A1 0.018 0.30 0.631%
14 Formaldehyde 16 5983-H1 0.012 0.3 0.631%
14  Formaldehyde 2 5983-A2 0.00175 0.30 YES 0.631%
14 Formaldehyde 4 5983-B1 000256 .30 0.631%
14 Formaldehyde b 5983.C1 0,00198 .30 0.631%
14 Formaldehyde 8 5983-D1 0.00231 0.30 0.631%
14  Formaldehyde 10 5983-£1 0.00196 0.30 0.631%
14  Formaldehyde 12 5983-F1 0.00184 0.30 YES 0.631%
14  Formaldehyde 14 598361 0.00184 0.30 YES 0.631%
14  Formaldehyde 16 5983-H2 0.00186 0.30 YES 0.631%
15 Acetaldehyde 2 5982-A1 0.28 25 1.12% 0.005%
15 Acetaldehyde 16 5882-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 & 58982-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 0:18 25 0.758% 0.005%
15 Acetaldehyde 16 5982-H2 0.17 25 0.699% 0.005%
15 Acetaldehyde 2 5983-A1 0.25 25 1.000% 0.005%
15  Acetaldehyde 18 5983-H1 0.28 25 1.11% 0.005%
15 Acetaldehyde 2 5983.-A2 0.062 25 0.248% 0.005%
15 Acetaldehyde 4 5983-B1 0.076 25 D.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 0.13 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 0.1% 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 S982-A2 0.00021 25 0.001% YES 0.001%
16  Butanal 4 5982.B1 0.00020 25 0.001% YES 0.001%
16 Butanal & 5882-C1 L0020 25 0.001% YES 0.001%
16  Butanal B 5982-D1 0.00021 il 0.001% YES 0.001%
16  Butanal 10 5982-F1 0.00020 25 0.001% YES 0.001%
16  Butanal 14 5982-G1 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 5883-B1 L0026 25 0.001% 0.001%
16 Butanal b 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%
15 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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Measurement Approx. DL

coPCH Analyte End Time (h)  Position Conc. [ppm) OEL (ppm) Fraction of OEL <DI? (%0EL)
19 Furan 2 5982-A1 0.00001 0.001 0.873% YES 0.933%
19 Furan 16 5352-H1 0.00001 0.001 0.861% YES 0.933%
19 Furan r 5982-A2 C.00001 0.001 0.929% YES 0.933%
19 Furan 4 5982-B1 000001 0.001 0.925% YES 0.533%
19 Furan b 588201 0.00001 0.001 1.02% 0.933%
19 Furan B 5982.01 0.00001 0.001 0.933% YES 0.933%
19 Furan 10 5982-E1 0.00001 0.001 1.26% 0.933%
19 Furan 12 5982-F1 0.00001 0.001 0.844% YES 0.933%
19 Furan 14 5982-G1 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 F. 5983-A1 0.00005 0.001 A BE% 0.933%
19 Furan 16 53983-H1 0.00001 0.001 0.889% YES 0.533%
19 Furan 2 598342 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 0.906% YES 0.933%
19 Furan B 59583.01 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 C.00001 0.001 0.500% YES 0.933%
20 2,3-Dihydrofuran 2 5982.A1 0.00074 D.001 74.5% 1.81%
20  2,3-Dihydrofuran 16 5982-H1 0.00002 0.001 167% YES LEI%
20 2,3-Dihydrofuran 2 5882-A2 0.00002 0.001 181% YES 1.81%
20 2,3-Dihydrofuran 4 5982-81 0.00002 0.001 1.80% YES 1LE1%
20 2,3-Dihydrofuran B 5982-C1 0.00002 0.001 1.78% YES 1.81%
20 2,3-Dihydrofuran 8 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 1.81%
20 2,3-Dihydrofuran 12 5982-F1 0.00002 0.001 1.64% YES 1.81%
20 2,3-Dihydrofuran 14 588261 0.00002 0.001 1.69% YES 1E81%
20 2,3-Dihydrofuran 16 5982-H2 0.00002 0.001 1.659% YES 181%
20  2,3-Dihydrofuran 2 5953-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 5883-A2 0.00002 0.001 1.72% YES 181%
20 2,3-Dihydrofuran 4 5983-B1 0.00002 0.001 1.71% YES 1.81%
20 2,3-Dihydrofuran & 5983-C1 0.00002 0.001 1.76% YES 1.81%
20 2,3-Dihydrofuran 8 5983-D1 0.00002 0.001 1.71% YES 1.81%
20 2,3-Dihydrofuran 10 58983-E1 0.00002 0.001 1.74% YES 181%
20 2,3-Dihydrofuran 12 5983-F1 0.00002 0.001 1.74% YES 1.81%
20  2,3-Dihydrofuran 14 5983.G1 0.00002 0.001 1.71% YES LEI%
20 2,3-Dihydrofuran 16 5983-H2 0.00002 0.001 1.75% YES 1.81%
21 2,5-Dihydrofuran 2 5982-A1 0.00021 0.001 231%
21 2,5-Dihydrofuran 16 5982.H1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran 2 S982-A2 0.00002 0.001 YES 2.31%
21 2 5-Bihydrofuran 4 588281 0.00002 0.001 YES 2.31%
21 2,5-Dihydrofuran B 5982.C1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran 8 5882-D1 0.00002 0001 YES 231%
21 2 5-Dihydrofuran 13 5982-F1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran 12 5982-F1 0.00003 0.001 231%
21 2, 5-Dihydrofuran 14 £982-G1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran 16 5982.H2 0.00002 0.001 YES 231%
21 2 5-Dihydrofuran 2 5983-A1 C.00014 0.001 2.31%
21 2 5-Bihydrofuran 16 5883-H1 000016 0.001 2.31%
21 2,5-Dihydrofuran 2 5983-A2 0.00002 0.001 YES 2.31%
21 2,5-Dihydrofuran 4 5883-B1 0.00002 0001 YES 231%
21 2 5-Dihydrofuran b 5983-C1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran B 5983-D1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran 10 5983-£1 0.00002 0.001 YES 231%
21 2,5-Dihydrofuran 32 5983-F1 0.00002 0.001 YES 1.31%
21 2,5-Dihydrofuran 14 5983-G1 0.00002 0.001 YES 2.31%
21 2,5-Dihydrofuran 16 5983-H2 0.00002 0.001 YES 2.31%
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Measurement Approx. DL

coPC# Analyte End Time (k)  Position Conc. (ppm) OEL (ppm) Fraction of OEL “mi (%0EL)
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% 198%
22 2-Methylfuran 2 5982-A2 0.00002 0.001 197% YES 1.98%
22 2-MethyHuran 4 588281 0.00002 0.001 1.96% YES 1.98%
22 2-Methylfuran 6 5982.C1 0.00002 0.001 1.95% YES 1.98%
23 2-MethyHuran 8 588201 0.00002 0.001 1.98% YES 1.98%
22 2-Methylfuran 10 59821 0.00002 0.001 1.85% YES 1.98%
2-Methylfuran 12 5982-F1 0.00002 0.001 1.79% YES 1.98%

22 2-Methylfuran 14 5982-G1 0.00002 0.001 1.85% YES 1.958%
2-Methylfuran 16 598242 0.00004 0.001 4.40% 1.98%

22 2-Methylfuran 2 5883-A1 0.0000% 0.001 : 1.98%
22 2-Methylfuran 16 5983-H1 0.00012 0.001 1.98%
22 2-Methylfuran 2 5883-A2 0.00002 0.001 YES 1.98%
22 2-Methylfuran 4 5983-B1 0.00002 0.001 YES 1.98%
22 2-Methylfuran o 5983-C1 0.00002 0.001 YES 1.98%
2-Methylfuran 8 5983-D1 0.00002 0.001 YES 1.98%

22 2-Methylfuran 10 5983-E1 0.00002 0.001 YES 1.98%
22 2-Methylfuran 1r 5983-F1 0.00002 0.001 YES 1.98%
22 2-Methylfuran 14 5883-G1 0.00002 0.001 YES 1.98%
22 2-Methylfuran 16 5983-H2 0.00002 0.001 YES 1.98%
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 5982.A2 0.00003 0.001 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 B 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 5882-G1 0.00003 0.001 YES 3.16%
23 2,5-Dimethylfuran 16 £982-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 5883-A2 0.00003 0.001 YES 3.16%
23 2, 5-Dimethylfuran 4 5983-81 0.00003 0.001 YES 3.16%
23 2.5-Dimethylfuran B 5983.C1 0.00003 0.001 YES 3.16%
23 2,5-Dimethylfuran B 5983-D1 0.00003 0.001 YES 3.16%
23 2, 5-Dimethylfuran 10 5883-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 5983-G1 0.00003 0.001 YES 3.16%
23 25-Dimethylfuran 16 5983-H2 0.00003 0.001 YES 3.16%
27 2-Pentylfuran 2 5982.41 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 16 5982-H1 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 2 5982-A2 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 4 5982-B1 0.00002 0.001 1.74%
27 2-Pentyifuran ] 5882-C1 0.00002 0.001 1.74%
27 2-Pentylfuran 8 538201 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 10 5982-E1 0.00002 0.001 1.74%
27 2-Pentylfuran 12 5982-F1 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 14 5882.G1 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 16 5982-H2 0.00002 0.001 1.74%
27 2-Pentylfuran 2 5983-A1 0.00004 0.001 1.74%
27 2-Pentylfuran 16 59E83-H1 0.00002 0.001 YES 1.74%
27 2-Pentylfuran 2 5883-A2 0.00002 0.001 YES 1.74%
27 2-Pentylfuran a 5383-81 0.00002 0.001 1.74%
27 2-Pentylfuran B 5983-C1 0.00002 0.001 1.74%
27 2-Pentyifuran 8 5983-D1 0.00002 0.001 241% 1.74%
27 2-Pemylfuran 10 58831 0.00002 0.001 1.66% YES 1.74%
27 2-Pentylfuran 13 5983F1 0.00002 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 0.00002 0.001 1.66% YES 1.74%
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Measurement Appros. DL

coPC# Analyte End Time (h)  Position Conc. [ppm) OEL (ppm) Fraction of OEL R (%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 ] 5a82.C1 0.00001 0.001 1.13% YES 1.15%
28  2-Heptylfuran ] fa82.p1 0.00001 0.001 1.15% YES 1.15%
25 2-Heptylfuran 10 5882-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 5982G1 0.00001 0.001 1.35% 1.15%
28 2-Heptylfuran 16 5982-H2 0.00001 0.001 1.06% YES 1.15%
28 2-Heptylfuran 2 598341 0.00005 0.001 4.51% 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 598381 0.00001 0.001 1.08% YES 1.15%
28  2-Heptylfuran B 5983-C1 0.00001 0.001 111% YES 1.15%
28  2-Heptylfuran ] 598301 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 5882-A1 0.00003 0.001 YES 2.82%
29 2-Propylfuran 16 58982-H1 0.00003 0.001 YES 2.82%
29  2-Propylfuran 2 5982.A2 0.00003 0.001 YES 2.82%
29  2-Propylfuran 4 598281 0.00003 0.001 YES 2.82%
29  2-Propylfuran ] 5982.C1 0.00003 0.001 YES 2.82%
29 2-Propylfuran 8 5982-01 0.00003 0.001 YES 2.82%
29 2-Propylfuran 10 5982-F1 0.00003 0.001 YES 2.82%
29  2-Propylfuran 12 5982-F1 0.00003 0.001 YES 2.82%
29  2-Propylfuran 14 588261 0.00003 0.001 YES 282%
29 2-Propylfuran 16 5982-H2 0.00003 0.001 YES 2.82%
29 2-Propylfuran 2 5983-A1 0.00002 0.001 YES 2.82%
29  2-Propylfuran 16 5983-H1 0.00011 0.001 2.82%
29  2-Propylfuran 2 5983-A2 0.00003 0.001 YES 2.82%
29  2-Propylfuran 4q 598381 0.00003 0.001 YES 2.82%
29 2-Propylfuran 5] 5983-C1 0.00003 D.001 YES 2.82%
29 2-Propylfuran 2 5983-D1 0.00003 0.001 YES 2.82%
29  2-Propylfuran 10 5983-F1 0.00003 0.001 YES 2.82%
29  2-Propylfuran 12 5983-F1 0.00003 0.001 YES 2.82%
29 2-Propylfuran 14 5983-G1 0.00003 0.001 YES 2.82%
29 2-Propylfuran 16 5983-H2 0.00003 0.001 YES 1.82%
33  Diethylphthalate 2 S982-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 54582-81 0.00008 0.55 0.015% YES 0.017%
33 Diethylphthalate & 5a982.C1 0.00009 0.55 0.016% YES 0.017%
33 Diethylphthalate g 5982-01 0.0000% 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 5883-A1 0.00021 0.55 0.039% YES 0.041%
33 Diethyiphthalate 16 5983-H1 0.00021 055 0.039% YES 0.041%
33  Diethylphthalate 2 5983-A2 0.00020 0.55 0.036% YES 0.041%
33  Diethylphthalate 4 5958381 0.00021 0.55 0.038% YES 0.041%
33 Diethylphthalate B 5983-C1 0.00021 0.55 0.038% YES 0.041%
33 Diethylphthalate ] 5983-D1 0.00022 0.5% 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 5953-H2 0.00021 0.55 0.035% YES 0.041%
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Measurement Approx. DL

COPC# Analyte End Time (h}  Position Conc. (ppm) OEL [ppim) Fraction of OEL <DL? (%OEL)
34  Acetonitrile s 5982-A1 0.085 20 0.424% 0.001%
34 Acetonitrile 16 5982-H1 0.14 20 0.695% 0.001%
34 Acetonitrile 2 5982-A2 0.021 0 0.105% 0.001%
34 Acetonitrile 4 5082-81 0.46 20 2329% 0.001%
34 Acetonitrile [ 5982-C1 0.076 20 0.380% 0.001%
34 Acetonitrile 8 5382-D1 0.12 20 D.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 5.45% 0.001%
34 Acetonitrile 3 5983-C1 0.18 20 D.922% 0.001%
34  Acetonitrile 8 5983.D1 0.18 20 0.893% 0.001%
34 Acetonitrile 10 5983-E1 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 5882-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 3 5982-C1 0.00034 6.0 0.006% 0.003%
35 Propanenitrile g 5982-D1 0.00167 6.0 0.028% 0.003%
35  Propanenitrile 10 S882-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 5982-H2 0.054 6.0 0.899% 0.003%
35  Propanenitrile 2 5883-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 0.00033 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 g 5983-D1 0.00080 6.0 0.013% 0.003%
35  Propanenitrile 10 S883-E1 0.00264 6.0 0.044% 0.003%
35 Propanenitrile 12 5883-F1 0.00628 6.0 0.105% 0.003%
35  Propanenitrile 14 5883-G1 0.013 6.0 D.223% 0.003%
35  Propanenitrile 16 5983-H2 0.038 6.0 0.633% 0.003%
36 Butanenitrile & 5982-A1 0.010 8.0 0.126% 0.003%
36  Butanenitrile 16 5382-H1 0.018 8.0 0.231% 0.003%
36  Butanenitrile 2 5982-A2 0.00012 8.0 D.002% YES 0.003%
36  Butanenitrile 4 598281 0.00012 8.0 0.002% YES 0.003%
36 Butanenitrile b 5882-C1 0.00012 8.0 0.002% YES 0.003%
35 Butanenitrile 8 5382-D1 0.00012 8.0 D.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 B0 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 D.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 6 5383-C1 0.00012 8.0 0.001% YES 0.003%
36 Butanenitrile 8 5883.D1 0.00013 8.0 0.002% YES 0.003%
36 Butanenitrile 10 5983-E1 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%
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Measurement Approx. DL

COPC# Analyte End Time (h)  Position Conc. (ppm) DEL (ppm) Fraction of OEL <Di? (%0EL)
37  Pentanenitrile 2 5982-A1 0.00335 6.0 0.056% 0.003%
37 Pentanenitrile 16 5982-H1 0.011 6.0 D.188% 0.003%
37 Pentanenitrile 2 5982-A2 0.00014 6.0 0.002% YES 0.003%
37 Pentanenitrile a 5982-81 0.00013 6.0 0.002% YES 0.003%
37 Pentanenitrile & 5882-.C1 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile 2 5982-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 b.0 0.008% 0.003%
37 Pentanenitrile 16 S982-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 5983-H1 0.00496 6.0 D.0B3I% 0.003%
37 Pentanenitrile 2 5883-A2 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile a 5983-B1 0.00014 6.0 0.002% YES 0.003%
37  Pentanenitrile & 5983-C1 0.00013 6.0 0.002% YES 0.003%
37  Pentanenitrile a 5983-D1 0.00014 6.0 0.002% YES 0.003%
» 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 D.003% YES 0.003%
38 Hexanenitrile 2 5882-A1 000221 6.0 0.037% 0.003%
38 Hexanenitrile 16 5982-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 Hexarenitrile 10 5982-E1 0.00011 6.0 D.002% YES 0.003%
38 Hexanenitrile 14 598261 0.00018 6.0 0.003% YES 0.003%
38 Hexanenitrile 16 5982-H2 000018 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 598381 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile & 5983.C1 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 8 5983-D1 0.00011 6.0 0.002% YES 0.003%
38  Hexanenitrile 10 5983-F1 0.00011 6.0 D.D02% YES 0.003%
38 Hexanenitrile 12 5883-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-B1 0.00501 5.0 0. 100% YES 0.103%
42 Ethylamine B 5982-C1 0.00494 50 0.099% YES 0.103%
42 Ethylamine 8 588201 0.00515 50 0.103% YES 0.103%
42 Ethylamine 10 5982-F£1 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 588251 0.00464 5.0 0.093% YES 0.103%
42 Ethylamine 16 S5982-H2 0.00473 50 0.095% YES 0.103%
42 Ethylamine 2 5983-A1 0021 5.0 0.421% 0.103%
42 Ethylamine 16 5983-H1 0.014 5.4 D.286% 0.103%
42 Ethylamine 2 5983-A2 0.00420 5.0 0.084% YES 0.103%
42 Ethylamine 4 5983-B1 0.00474 5.0 0.095% YES 0.103%
42 Ethylamine & 5983-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 000488 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%



Measurement Approx. DL

copC# Analyte End Time [h})  Position Conc. (ppm) DEL (ppm]) Fraction of ODEL <Di? (%0EL)
43 N-Nitrosodimethylamine 2 5982.A1 0.00040 0.0003 134% 11.7%
43 N-Nitrosodimethylamine 16 5882-H1 0.00009 0.0003 29.3% 11.7%
43 N-Nitrosodimethylamine 2 5982-A2 000003 0.0003 11.4% YES 11.7%
43 N-Nitrosodimethylamine 4 5982-81 0.00004 0.0002 11.7% YES 11.7%
43 N-Nitrosodimethylamine B 5982-C1 0.00003 0.0003 11.6% YES 11.7%
43 MN-Nitrosadimethylamine 8 5882.01 0.00004 0.0003 11.7% YES 11.7%
43 N-Nitrosodimethylamine 10 5982-E1 0.00003 0.0003 11.3% YES 11.7%
43 N-Nitrosadimethylamine 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 5983-A1 0.00018 0.0003 B60.6% 11.7%
43 MN-Nitrosodimethylamine 16 5983-H1 0.00028 0.0003 894.0% 11.7%
43 N-Nitrosodimethylamine 2 5983-A2 0.00003 0.0003 11.4% YES 11.7%
43 MN-Nitrosadimethylamine 4 5883-B1 000004 0.0003 11.7% YES 11.7%
43 N-Nitrosodimethylamine & 5883-C1 0.00004 0.0003 11.7% YES 11.7%
43 N-Nitrosadimethylamine 2 598301 0.00003 0.0003 11.3% YES 11.7%
43 N-Nitrosodimethylamine 10 5983-E1 0.00003 0.0:003 11.4% YES 11.7%
43 N-Nitrosadimethylamine 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 MN-Nitrosodimethylamine 16 5983-H2 000003 0.0003 11.3% YES 11.7%
44 MN-Nitrosadiethylamine 2 5882-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 0.0:001 23.7% YES 24.4%
44 N-Nitrosodiethylamine 4 5982-B1 0.00002 0.0001 24.4% YES 24.4%
44 N-Nitrosodiethylamine B 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%
a4 MN-Nitrosodiethylamine 10 5982-E1 000002 0.0001 23.5% YES 24 4%
44 N-Nitrosodiethylamine 12 5882-F1 0.00002 00001 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-Nitrosadiethylamine 2 588341 0.00003 0.0001 34,5% 24.4%
44 N-Nitrosodiethylamine 16 5583-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 1 5983-C1 0.00002 0.0001 24.4% YES 24.4%
a4 MN-Nitrosadiethylamine B 5983-D1 000002 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 0.0:001 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 000003 0.0003 5.56% YES 9.85%
45  M-Nitrosomethylethylamine 4 558281 0.00003 0.0003 % 825% YES 9.85%
45 MN-Nitrosomethylethylamine b 5882-C1 0.00003 0.0003 5.7TR YES 9.85%
45  N-Nitrosomethylethylamine B 58832-01 0.00003 0.0003 9E2% YES 9.85%
45  N-Nitrosomethylethylamine 10 5982-E1 0.00003 0.0003 9 ] YES 9.85%
45 N-Nitrosomethylethylamine 12 5982-F1 0.00003 0.0:003 9 YES 9.85%
45 N-Nitrosomethylethylamine 14 5982.G1 0.00003 0.0003 9 YES 9.85%
45 N-Nitrosomethylethylamine 16 5982-H2 0.00003 0.0:003 YES 9.85%
45  N-Nitrosomethylethylamine 2 5883-A1 0.00030 0.0003 9.85%
45  M-Nitrosomethylethylamine 16 5883-H1 0.00005 0.0003 9.85%
45 MN-Nitrosomethylethylamine 2 5983-A2 0.00003 0.0003 S59% YES 9.85%
45  N-Nitrosomethylethylamine 4 5983-81 0.00003 0.0003 9. HL% YES 9.85%
45  N-Nitrosomethylethylamine & 5883-C1 0.00003 0.0003 9.85% YES 9.85%
45 N-Nitrosomethylethylamine B 5983-D1 0.00003 0.0:003 9.52% YES 9.85%
45 N-Nitrosomethylethylamine 10 5983-E1 0.00003 0.0003 9.56% YES 9.85%
45  N-Nitrosomethylethylamine 12 5983-F1 0.00003 0.0003 9 54% YES 9.85%
45  N-Nitrosomethylethylamine 14 5983-G1 000003 0.0003 5.38% YES 9.85%
45  M-Nitrosomethylethylamine 16 5883-H2 0.00003 0.0003 o, 50% YES 9.85%
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Measurement Approx. DL

copcy Analyte End Time (h]  Position Conc. (ppm) OEL (ppm) Fraction of OEL <bl? (%0EL)
46 N-Nitrosomorpholine 2 5982-A1 0.00011 0.0006 358%
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%
a6 MN-Nitrosomarpholine & 5982-C1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpheline B 5982-D1 0.00002 0.0006 YES 3.58%
45  N-Nitrosomorpholine 10 5982-E1 0.00002 0.0006 YES 3.58%
46  N-Nitrosomorpholine 12 5982-F1 0.00002 0.00086 YES 358%
46 N-Nitrosomorpholing 14 5982-G1 0.00002 0.00086 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%
a6 MN-Nitresomarpholine 16 5983-H1 0.00004 0.0006 3.58%
46 N-Nitrosomorpholine 2 5983-A2 0.00002 0.0006 YES 358%
46  N-Nitrosomorpheline 4 5983-B1 0.00002 0.0006 YES 3.58%
456  M-Nitrosomaorpholine & 5953-C1 0.00002 0.0008 YES 3.58%
46  N-Nitrosomorpholine 8 5983-D1 0.00002 0.00086 YES 358%
46 N-Nitrosomorpholine 10 5983-E1 0.00002 0.0008 YES 358%
46 N-Nitrosomorpholine 12 S983-F1 0.00002 0.0006 YES 3.58%
46 N-Nitrosomorpholine 14 5983-G1 0.00002 0.0006 YES 3.58%
a6 MN-Nitresomarpholine 16 5983-H2 0.00002 0.0006 YES 3.58%
47 Tributyl phosphate 2 59582.A1 0.00016 0.20 D.0B1% YES 0.084%
47 Tributyl phosphate 16 5982-H1 0.00014 0.20 D.072% YES 0.084%
47  Tributyl phosphate 2 5982-A2 0.00015 0.20 D.073% YES 0.084%
47 Tributyl phosphate 4 595281 0.00015 0.20 0.075% YES 0.084%
47 Tributyl phosphate B 5982-C1 0.00016 0.20 D.0B0% YES 0.084%
47 Tributyl phosphate B 595201 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 5983-A1 0.00014 0.20 0.071% YES 0.084%
47 Tributyl phosphate 16 5983-H1 0.00014 0.20 D.071% YES 0.084%
47  Tributyl phosphate 2 S983-A2 0.00013 0.20 0.067% YES 0.084%
47 Tributyl phosphate 4 59583-B1 0.00014 0.20 0.065% YES 0.084%
47 Tributyl phosphate 6 5983-C1 0.00014 0.20 0.070% YES 0.084%
47 Tributyl phosphate 8 5953-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 D.073% YES 0.084%
47 Tributyl phosphate 16 5983-H2 0.00014 0.20 D.071% YES 0.084%
48  Dibutyl butylphosphonate 2 5982-A1 0.00008 0.007 1.20% YES 1.46%
48 Dibutyl butylphosphonate 16 5952-H1 0.00007 0.007 1.05% YES 1.46%
48  Dibutyl butylphesphonate 2 5982-A2 0.00008 0.007 1.07% YES 1.46%
48  Dibutyl butylphoesphonate 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 B 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 butylphesphonate 12 5982-F1 0.00008 0.007 1.08% YES 1.46%
48  Dibutyl butylphosphonate 16 S982-H2 0.00008 0.007 111% YES 1.46%
48 Dibutyl butylphosphonate 2 5953-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 595342 0.0000% 0.007 1.30% YES 1.46%
48  Dibutyl butylphosphonate 4 5983-B1 0.00005 0.007 1.35% YES 1.46%
48  Dibutyl butylphosphonate ] 5983-C1 0.00010 0.007 1.36% YES 1.46%
48  Dibutyl butylphosphonate 8 5953-01 0.00010 0.007 1.45% YES 1.46%
48  Dibutyl butylphesphonate 10 5983-E1 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 butylghosphonate 14 5983-G1 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 598261 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 020006 0.15%
5L Pyridine 2 H983-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 B 5983.D01 0.00145 1.0 0.145% YES 0.15%
51  Pyridine 10 5983-F1 0.00146 1.0 0.146% YES 0.15%
51 Pyridine 12 5983-F1 0.00146 10 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  2,4-Dimethylpyridine 1 5982-A1 0.00270 0.50 0.540% 0.22%
52  2,4-Dimethylpyridine 16 5952-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, A-Dimethylpyridine 4 5982-B1 0.00104 0.50 0.207% YES 0.22%
52  24-Dimethylpyridine B 5982-C1 0.00103 0.50 0.206% YES 0.22%
52  2A-Dimethylpyridine 8 5982-D1 0.00105 0.50 0.210% YES 0.22%
52 2 A4-Dimethylpyridine 10 5982-E1 0.00101 0.50 0.203% YES 0.22%
52 2,4-Dimethylpyridine 12 5982-F1 0.00099 0.50 0.199% YES 0.22%
52  2,4-Dimethylpyridine 14 5982.G1 0.00104 0.50 0.207% YES 0.22%
52  2,4-Dimethylpyridine 16 R982-H2 0.00104 0.50 0.209% YES 0.22%
52  2,A-Dimethylpyridine 2 5983-A1 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, A-Dimethylpyridine 4 5983-B1 0.00098 0.50 0.196% YES 0.22%
52  2A-Dimethylpyridine B 5983-C1 0.00109 0.50 0.218% YES 0.22%
52 2, 4-Dimethylpyridine 8 5983-D1 0.00107 0.50 0.214% YES 0.22%
52  2,A4-Dimethylpyridine 10 5983-F1 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  2,4-Dimethylpyridine 14 5983-G1 0.00107 0.50 0.213% YES 0.22%
52  2,4-Dimethylpyridine 16 5983-H2 0.00104 0.50 D.208% YES 0.22%

D.14



Appendix E

Plots of Other COPCs with Significant (2-10% of OEL)
Detected Values






Appendix E

Plots of Other COPCs with Significant (2-10% of 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
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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Furan (see Figure E.3) — The DL for furan corresponds to approximately 0.93% of its OEL. All inlet and
outlet values measured for the two respirator cartridges were less than 10% of the OEL for furan—
specifically less than 5%. The first inlet value for the SCOTT 7422-SC1 cartridge measured the highest
concentration at 4.86% of OEL. Only two outlet values for SCOTT 7422-SD1 were above the DL,
reaching up to 1.3% of OEL, which is much below 10% of OEL. These elevated outlet concentrations do
not support a conclusion of respirator cartridge breakthrough.
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2,5-Dimethylfuran (see Figure 4) — The DL for 2,5-Dimethylfuran corresponds to approximately 3.16 %
of the OEL for 2,5-Dimethylfuran. All inlet concentrations measured for both cartridges were lower than
the DL. All outlet values measured for the two respirator cartridges were less than the DL. Based on the
outlet measurements, there is no evidence of breakthrough over the measured time period for either
cartridge tested.
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2-Pentylfuran (see Figure E.5) — The DL for 2-Pentylfuran corresponds to approximately 1.74% of the
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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E.5



2-Heptylfuran (see Figure E.6) — The DL for 2-Heptylfuran corresponds to approximately 1.15% of the
OEL for 2-Heptylfuran. 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 OEL, respectively. All other outlet
measurements were below the DL. Therefore, no evidence of breakthrough is observed in the data.
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Ethylamine (see Figure E.7) — The DL for ethylamine corresponds to approximately 0.10% of the OEL
for ethylamine. All inlet concentrations were above the DL. The 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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Figure E.7. Plot of Measured Ethylamine 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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Appendix F

Historical Data Comparison

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)
o 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)

e A laboratory control sample that was out of range (Data Qualifier flag a)
e 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, ¢, 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)
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.

F.1



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—Iess 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 of the 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
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.

! 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 Because the SWIHD HS database contained no BY-108 data, the TWINS IH data were the only concentrations
present in the two-database combination.
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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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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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Table F.1. COPC Comparison to Historical BY-108 Measurements (continued)
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