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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 in
Washington State, Washington River Protection Solutions (WRPS) is responsible for managing highly
radioactive wastes stored in tanks at Hanford. WRPS identified the need to tests air-purifying respirator
(APR) and powered air-purifying respirator (PAPR) chemical cartridges commonly used by workers at
Hanford Tank Farms. The tests were conducted to determine the period of time that the cartridges would
provide adequate performance for APRs and PAPRs used to protect workers when exposed to a mixture
of Chemicals of Potential Concern (COPC) from any vapors exiting headspaces in the storage tanks. The
Occupational Safety and Health Administration (OSHA) Standard promulgated in Title 29 of the Code of
the Federal Regulations (CFR) 1910.134(d)(3)(iii)(b)(2) specifies that for protection against gases and
vapors, employers shall implement a 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
Cartridge Test Program is to obtain objective data to determine service lives for the APR and PAPR
cartridges used at Hanford Tank Farms. WRPS contracted with Pacific Northwest National Laboratory to
analyze the test data and offer an independent analysis and

any recommendations. This report summarizes data analysis of APR and PAPR cartridge testing on
BY-110 and BY-108 headspace vapors, respectively. Two different APR cartridges from SCOTT Safety
(Monroe, North Carolina) were assessed for the BY-110 headspace vapors, and two different PAPR
cartridges—one from MSA Safety Inc. (Pittsburgh, Pennsylvania) and another from 3M (Maplewood,
Minnesota)—were assessed for the BY-108 headspace vapors.

Volume 1 of this report documents the testing, data analysis, results, conclusions, and recommendations
resulting from the cartridge testing of vapors from the BY-110 and BY-108 headspaces. Volume 2
provides an introduction to the raw data, including analytical laboratory analysis results that supported the
analysis and conclusions documented in VVolume 1.
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Appendix C

Raw Analytical Data

In previously published cartridge reports, raw data for all contaminants analyzed during testing were
provided in Appendix C to the document. However, the extensive amount of data (over 900 pages for
this report) resulted in unwieldy document file sizes. To solve this problem, raw data are provided in a
separate Volume 2. Appendix C of Volume 1 provides introductory information regarding the content of
Volume 2, but the complete raw data set is provided only in this Volume 2.

C.1 Description

This appendix includes raw data of flow rate, temperature, pressure, as well as humidity, and analytical
data for the BY-108 and the BY-110 tank headspaces. Calculations using these data are given in
Appendix D.

Raw analytical data are included only in Volume 2. Washington River Protection Solutions (WRPS)
converted the data into Excel data spreadsheets that were transmitted to Pacific Northwest National
Laboratory. Comments on that conversion are provided below.

The analytical measurements listed in Results spreadsheet columns were transferred from entries labeled
‘result’ in the raw analytical .pdf files. Where a results entry was given as ‘ND’ in the .pdf, a ‘<’ symbol
was used. Where a detection limit (DL)/reporting limit (RL) was listed as ‘n/a,” the result entry in the
spreadsheet was set at the DL or RL.

The use of the RL or a DL varied among analytical laboratories. The term RL (equivalent to a limit of
guantification) was used instead of a DL by ALS Environmental Salt Lake City, Columbia Basin
Analytical Laboratory, and 222S—Wastren Hanford Laboratory (see Tables F.1 and F.2 in Appendix F
of Volume 1 for a complete correlation of which Chemicals of Potential Concern used an RL or a DL).
The WRPS laboratory provided a DL rather an RL. Neither RLs nor DLs were provided for Tentatively
Identified Compounds (TIC).

Chain of custody information is provided clearly in the raw analytical data .pdf files, including analyte
name, sample numbers, and laboratory-assigned numbers. Chemical Abstract Service numbers were
provided by the respective analytical laboratory.

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 follows

‘BL’ means blank measurements obtained from sorbent tubes that have not had any vapor stream passed
through them. ‘BA’ with either ‘IN” or ‘EF’ means measurements obtained for ambient air (i.e. fresh air
rather than tank vapor) running through the test system from the inlet (IN) or effluent (EF) locations
before initiation of tank vapor testing.

‘SD1’ designations correspond to testing with the SCOTT 7422-SD1 respirator cartridge, ‘SC1’
designations correspond to testing with the SCOTT 7422-SC1 respirator cartridge, ‘“TL1’ designations
correspond to testing with the MSA Optifilter TL respirator cartridge, and ‘TL2’ designations correspond
to testing with the 3M FR-57 respirator cartridge. The unique survey number also is assigned, identifying
the year and a five-digit ID for each of the cartridges tested. For the tank BY-108 headspace, the survey
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IDs included 18-01496 for TL1 and 18-01497 for TL2. For tank BY-110 headspace, the survey IDs
included 18-01494 for SD1 and 18-01495 for SC1.

Position designations ‘IN” with “1” and ‘EF’ with “1” correspond to the respirator cartridge inlet and
outlet measurements, respectively, at 0- to 2-hour time intervals. Position designations *2’ through “8’
correspond to the subsequent 2-hour measurements for inlet (IN) and outlet (EF): ‘2’ (2 to 4 hours),
‘3’ (4 to 6 hours), ‘4’ (6 to 8 hours), ‘5’ (8 to 10 hours), ‘6’ (10 to 12 hours), ‘7’ (12 to 14 hours), and
‘8’ (14 to 16 hours).

The sample IDs embed the information given above. For example, sample 1D 18-01497-8-TL2-IN-1
corresponds to a particular cartridge survey (18-01497) identified as the 3M FR-57 cartridge with the
(TL2), sample media line 8, influent (IN) sample bundle, and the first (0 to 2 hours) sample (1).

The target flow rate passing through the respirator cartridge was 30 L/min for the APR tests, and

95 L/min for the PAPR tests. The target sampling flow rates through the sorption tubes ranged between
30 and 2000 mL/min for different chemicals that were being collected. WRPS provided these flow
rates as Excel files according to Table C.1.

Table C.1. Filenames of Sample Media VVolumes Provided by WRPS

Tank Cartridge Filename
BY-110 Headspace = SCOTT 7422-SC1 BY 110 SC-1  2_24 18.xlsx
BY-110 Headspace ~ SCOTT 7422-SD1 BY 110 SD-1 223 18.xlsx
BY-108 Headspace =~ MSA-TL (TL1) BY 108 TL 2_23 18.xlsx
BY-108 Headspace  3M FR-57 (TL2) BY 108 3M FR-57 2 24 18.xlsx

WRPS provided the temperature and humidity information in files listed in Table C.2. The information is
shown in the Section C.3. Several terms used in the DRI files are described below.

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

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

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

Table C.2. Files Containing Temperature, Pressure, Relative Humidity, and DRI Data

Tank Cartridge Filename
BY-110 Headspace SCOTT 7422-SC1 BY-110 SC1 2-24-18.xlsx
BY-110 Headspace SCOTT 7422-SD1 BY-110 SD1 2-23-18.xlsx
BY-108 Headspace MSA-TL (TL1) BY-108 TL1 GME 2-23-18.xlsx
BY-108 Headspace 3M FR-57 (TL2) BY-108 TL2 FR57 2-24-18.xlsx

The raw analytical data for chemicals in each analyte category are summarized in Section C.4. Some
analytes are measured using more than one method (primary and secondary). A crosswalk of COPC to
analyte category, media, and analytical method for both primary and secondary methods is provided in

C.2



Table C.3. In general, the primary method was used for cartridge performance analysis except in cases for

which the secondary method provides improved quantitation for the specific COPC and its concentration
range during a specific test.

Table C.3. Crosswalk of COPCs with Primary and Secondary Analyte Category, Media, and Analytical

Method

Primary Analysis Method

Secondary Analysis Method (Analyte

COPC# Analyte Name (Analyte Category | Media | Method) Category | Media | Method)
1 Ammonia Ammonia | Anasorb 747 | OSHA-ID-188
2 Nitrous Oxide Not Measured
3 Mercury Mercury | Anasorb C300 | NIOSH-6009
4 1,3-Butadiene 1,3-butadiene | Charcoal | NIOSH 1024
5 Benzene VOC | Carbotrap 300 | EPA TO-17 Mod
6 Biphenyl SVOC | Carbotrap 150 | EPA TO-17 Mod
7 1-Butanol VOC | Carbotrap 300 | EPA TO-17 Mod
8 Methanol Methanol | Silica Gel | NIOSH 2000
9 2-Hexanone VOC | Carbotrap 300 | EPA TO-17 Mod
10 3-Methyl-3-butene-2-one  VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
11  4-Methyl-2-hexanone VOC | Carbotrap 300 | EPA TO-17 Mod
12 6-Methyl-2-heptanone VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
13 3-Buten-2-one VOC | Carbotrap 300 | EPA TO-17 Mod
Aldehyde | DNPH Treated Silica Gel |
14 Formaldehyde EPA TO-11A
Aldehyde | DNPH Treated Silica Gel |
15  Acetaldehyde EPA TO-11A
Aldehyde | DNPH Treated Silica Gel |
16  Butanal/Butyraldehyde VOC | Carbotrap 300 | EPA TO-17 Mod EPA TO-11A
17  2-Methyl-2-butenal VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
18  2-Ethyl-hex-2-enal VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
New  2-Propenal/Acrolein Aldehyde | DNPH Treated Silica Gel |
P EPA TO-11A
19  Furan® VOC | Carbotrap 3001 EPA TO-17 Mod Furans | Tenax TA | EPA TO-17 Mod
20  2,3-Dihydrofuran Furans | Tenax TA | EPA TO-17 Mod
21 2,5-Dihydrofuran® VOC | Carbotrap 300! EPA TO-17 Mod Furans | Tenax TA | EPA TO-17 Mod
22 2-Methylfuran® VOC | Carbotrap 3001 EPA TO-17 Mod Furans | Tenax TA | EPA TO-17 Mod
23 2,5-Dimethylfuran Furans | Tenax TA | EPA TO-17 Mod
24 2-Ethyl-5-methylfuran VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
o5 A-(-Methylpropyl)-2.3- /5 1yca | Carbotrap 300 | EPA TO-17 Mod
dihydrofuran
o 3-(L1-Dimethylethyl)-2.3- /5 erca | carbotrap 300 | EPA TO-17 Mod
dihydrofuran
27  2-Pentylfuran Furans | Tenax TA | EPA TO-17 Mod
28  2-Heptylfuran Furans | Tenax TA | EPA TO-17 Mod
29  2-Propylfuran Furans | Tenax TA | EPA TO-17 Mod
30  2-Octylfuran VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
31 2-(3:0x0-3-phenylprop-1- ) rca | carbotrap 300 | EPA TO-17 Mod
enyl)furan
3p  Ze-Methylo-0xonepy) - yocTics | Carbotrap 300 | EPA TO-17 Mod
33 Diethylphthalate SVOC | Carbotrap 150 | EPA TO-17 Mod
34 Acetonitrile VOC | Carbotrap 300 | EPA TO-17 Mod Acetonitrile | Charcoal | NIOSH 1606
35  Propanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
36  Butanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
37  Pentanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
38  Hexanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
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Primary Analysis Method Secondary Analysis Method (Analyte

COPCH# Analyte Name (Analyte Category | Media | Method) Category | Media | Method)

39  Heptanenitrile VOCTIC? | Carbotrap 300 | EPA TO-17 Mod

40  2-Methylene butanenitrile ~ VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
41 2,4-Pentadienenitrile VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
42 Ethylamine Ethylamine | XAD-7 | OSHA-1D-34,36,40,41
Nitrosamines | Thermasorb/N |

NIOSH-2522 Mod

Nitrosamines | Thermasorb/N |

NIOSH-2522 Mod

Nitrosamines | Thermasorb/N |

NIOSH-2522 Mod

Nitrosamines | Thermasorb/N |
NIOSH-2522 Mod

43 N-Nitrosodimethylamine
44 N-Nitrosodiethylamine
45  N-Nitrosomethylethylamine

46 N-Nitrosomorpholine

47  Tributyl phosphate SVOC | Carbotrap 150 | EPA TO-17 Mod
48  Dibutyl butylphosphonate ~ SVOC | Carbotrap 150 | EPA TO-17 Mod
49  Chlorinated Biphenyls VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
50  2-Fluoropropene VOCTIC?| Carbotrap 300 | EPA TO-17 Mod

- Pyridines | Coconut Shell Charcoal |
51  Pyridine VOC | Carbotrap 300 | EPA TO-17 Mod NIOSH-1613

. - Pyridines | Coconut Shell Charcoal |

52  2,4-Dimethylpyridine VOC | Carbotrap 300 | EPA TO-17 Mod NIOSH-1613
53  Methyl nitrite VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
54 Butyl nitrite VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
55  Butyl nitrate VOC | Carbotrap 300 | EPA TO-17 Mod

56  1,4-Butanediol, dinitrate VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
57  2-Nitro-2-methylpropane VOCTIC | Carbotrap 300 | EPA TO-17 Mod
58 L2s3-Propanetriol, 13-\ 0rica) Carbotrap 300 | EPA TO-17 Mod

dinitrate
59  Methyl Isocyanate VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
New Dimethyl Mercury Not Measured

@ A 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. TIC compounds are measured
through both the Carbotrap 300: EPA TO-17 and Carbotrap 150: EPA TO-17 modified methods. A few compounds are
measured in the TIC analysis and another analytical technique. In these cases, the TIC analysis results were not retained
because they are qualitative only and inferior to the other calibrated method.

b Furan, 2,5-dihydrofuran, and 2-methylfuran are quantified using the secondary method, as the primary method was
determined to perform inadequately for these lower-boiling point furan compounds.

C.2 Miscellaneous Notes

All analytical flags assigned by each analytical laboratory are provided in Appendix D. Sample lines
occasionally experienced flow control issues, and these instances are documented in Appendix D with a
quality flag of “‘S™ associated with the impacted data point.

Methanol was measured in the PAPR test rig only. A thirteenth sample media line was added to the new
rig so methanol could be measured using a dedicated sorption tube.
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A swap of influent and effluent sorbent tubes was identified and documented in the following email
exchange.
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C.3 Experimental Parameters

C31l

Flow Rates

SCOTT 7422-5D1 Cartridge (2/23/18) BY-110

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach.

Analyte Tinelgase 1| Base 2 Al A2 Bl B2 Cc1 c2 D1 D2 1! E2 F1 F2 G1 G2 H1 H2
SVOC A 0 0] 3.69| 4.01] 3.68| 4.09| 3.80| 4.00| 3.82| 4.04| 3.72| 3.99| 3.65| 3.97| 3.65| 4.04| 3.88| 3.99
VoC B 0 0] 3.74f 3.93] 3.89| 4.01| 4.02| 3.71| 3.89| 3.68| 3.91| 4.13| 4.00] 4.25| 4.28| 4.01] 3.76] 3.75

Furans C 0 0] 608 6.17| 6.22| 5.81| 587| 6.25| 586| 6.03] 563| 577| 6.24] 5.84] 608 6.12| 554] 578

Ethylamine D 0 0| 11.8| 12.5| 11.8| 12.6| 11.6| 12.6( 11.7| 12.3| 11.9| 12.2 0| 12.1] 129| 12.4| 116 124
Acetonitrile E 0 0| 12.0f 12.1] 12.1] 12.1] 11.9| 11.9( 12.3] 11.8| 10.9| 11.6| 12.8| 11.5| 12.7| 11.8| 12.4| 11.8]
Mercury F 0 0] 30.6| 29.4] 30.2| 30.2] 30.0f 29.8] 29.8| 29.3] 29.6| 28.7] 29.6| 29.6] 29.9] 30.3] 29.9] 30.2
Ammonia G 0 0| 239 247 239| 25.0| 235| 245| 273| 248| 256| 24.1| 23.1| 243| 25.0| 251 30.1] 25.1
Aldehyde H 0 0| 24.6| 25.0| 24.4| 24.6| 24.3| 245| 24.1| 24.1| 23.6| 23.6| 23.2| 23.4| 27.3| 24.2| 23.8| 24.2
1, 3-Butadiene | 0 0| 25.3| 24.5| 25.1| 24.4| 24.9| 24.3| 24.6| 24.5| 24.1| 23.8| 24.0| 23.5| 24.3| 23.8| 24.5| 23.7
Pyridine J 0 0| 11e| 127| 117| 121 118| 122| 114 122| 117| 125| 116| 124| 114| 121] 113| 123
Nitrosamines K 0 0| 241 243| 241| 244 239| 239| 237| 240| 239| 242| 238] 232| 240| 241| 239| 241
Flow Rates {ml/min)

Sample Box Number | Mach. | Mach.

Analyte TinelBase 1| Base 2 Al A2 Bl B2 C1 c2 D1 D2 El E2 F1 F2 G1 G2 H1 H2
SVOoC A 0 0| 30.8| 33.4| 30.7| 34.1] 31.7| 33.4| 31.9| 33.7| 31.0] 33.3] 30.5| 33.1| 30.4| 33.7| 32.4| 333
voc B 0 0| 31.2| 32.8] 32.4| 33.5| 33.5| 30.9| 32.4| 30.7| 32.6| 34.5| 33.4| 35.4| 357| 33.4| 31.4| 313

Furans = 0 0] 50.6| 51.4| 51.9| 48.4| 489| 52.1| 48.8| 50.3| 47.0| 48.1] 52.0| 48.7| 50.7| 51.0| 46.2| 48.2

Ethylamine D 0 0| 983| 104| 98.4| 105| 96.7| 105| 97.2| 103| 99.4( 102 0| 101 108| 103 97.0] 103
Acetonitrile E 0 0| 100{ 101] 101| 101 99.0f 95.0( 103| 98.1] 91.1| 96.5| 107| 95.7| 106| 98.4| 103| 98.1
Mercury F 0 0| 255 245| 251| 252| 250| 248| 248| 244| 247| 239| 246| 246| 249| 253| 249| 252
Ammonia G 0 0] 200f 206| 199| 208| 196| 204| 227| 207| 214| 201| 193] 203| 208| 209| 251 209
Aldehyde H 0 0] 205 209] 204| 205| 202| 205| 201| 201| 196 196| 193] 195| 228 201] 198| 202
1, 3-Butadiene | 0 0| 210{ 204| 210f 204| 207| 203| 205| 204| 201| 198| 200| 196| 203| 199 204| 198|
Pyridine J 0 0| 965| 1058| 975| 1005| 981| 1020 950| 1015| 978| 1045| 969 1035| 949| 1010| 944| 1025
Nitrosamines K 0 0| 2010| 2024| 2010| 2035| 1995| 1990| 1975| 2000| 1990( 2015| 1985| 1935| 2000| 2010{ 1995| 2005
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SCOTT 7422-5C1 Cartridge (2/24/18) BY-110

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach. | | 15 | 7 | g2 | c1 | c2 [ o2 | o2 | 61 | e2 |, | /2| 61| G2 m]me
Analyte Line | Base 1 | Base 2
SVOC A | 354] 3.39] 3.92| 3.67| 3.73] 4.23| 402 4.30| 4.42] 3.89| 3.77] 4.00] 3.90| 4.01] 401 3.76| 3.71] 3.97
voC B | 401 4.00| 4.44] 409 394] 4.22] 391] 389 3.73] 3.94] 3.86] 3.88| 3.85| 3.91| 3.85] 3.74] 4.00] 3.92
Furans c | 573 565 6.52| 540 536 599 573 594| 545 595 6.22| 587 559 5.75| 6.02] 580 561 5.75
Ethylamine | D | 12.0] 11.8] 11.6| 11.3| 108| 13.5| 11.1] 11.6| 115 11.5| 12.2| 12.0] 11.9] 119 113| 115| 11.4] 114
Acetonitrile | E 121 107| 12.8] 11.1| 12.6] 11.4| 11.4] 115 116] 11.7] 12.5| 12.3| 115 12.2| 11.5 12.0| 11.7] 118
Mercury F 29.1| 300| 31.7| 305| 29.2] 31.7| 29.2] 31.5| 29.0 31.0| 284] 30.7| 29.0] 29.1| 295 28.8] 24.7| 298
Ammonia | G | 23.7] 23.5| 23.1| 24.4] 22.2| 257| 23.1] 252| 23.2| 246| 245| 24.6| 24.1| 244| 225 236 22.8 229
Aldehyde H | 234 235| 23.1| 22.8| 23.8| 23.7| 23.8] 23.2| 233| 23.0| 23.1| 244| 230| 24.8] 22.7| 241| 225 24.1
1, 3-Butadiene | | 23.4| 23.2| 23.2| 243| 238| 25.3| 23.8] 25.0| 23.6] 250| 23.1| 24.4] 23.1| 240| 239| 234 236 232
Pyridine ] 115] 114] 108| 108| 108| 112| 109 110| 112| 116| 121 120] 120] 118| 117] 123| 117] 121
Nitrosamines | K 240]  239| 235| 232| 241| 232| 236 229| 233| 230 235| 232| 234] 236] 233| 232| 229] 233
Flow Rates (ml/min)
Sample Box Number { Mach. | Mach. |\, | 05 | g9 | g2 | ca | c2 | o1 | o2 | ex | 2| /1| r2 | 62| G2 | b2 | w2
Analyte Line| Base 1 | Base 2
SVOC A | 295 283| 32.7| 30.6| 31.1]| 353| 33.5 35.8| 369| 32.4| 31.4| 333| 325| 334| 33.4| 314] 310] 33.1
voC B | 335 333| 370] 341| 328| 352| 326| 324| 311 32.8] 32.2| 324| 32.1| 326 32.1] 312| 33.4] 32.7
Furans C | 477 47.1| s44| 450| 44.7| 49.9| 47.8] 49.5| 454] 49.6| 51.8| 489| 46.6| 480| 50.2| 48.4| 46.8| 47.9
Ethylamine | D | 99.8] 983| 96.8| 945 91.2| 112.2| 929 96.6| 959| 959| 101| 99.8] 990 989| 945 955/ 947 952
Acetonitrile | E 101] 888| 107| 92.1] 104.7] 95.2| 954| 956 96.8] 97.8| 104] 103| 95.6] 102| 955| 99.8] 97.3| 980
Mercury F 242]  250| 264| 254 243| 264| 243| 262 242| 259| 237 256| 241| 242| 246 240| 206| 248
Ammonia | G 197] 196] 193] 203| 185| 214| 193] 210| 194] 205| 205| 205| 201 203| 187] 197| 190] 191
Aldehyde H 195| 195| 193] 190] 198| 198] 198] 193] 195| 191| 193] 204| 192| 207| 189] 201 187] 200
1, 3-Butadiene | | 195] 193] 193] 203| 198] 211| 198| 208| 197| 208| 192] 203| 192| 200 199 195| 197| 193
Pyridine J 961] 952| 896] 904] 900] 930| 908 913] 935| 969] 1007| 1002] 1000] 984| 979| 1025| 977] 1010
Nitrosamines | K | 2003| 1994] 1960| 1935 2005| 1935| 1970 1910] 1940| 1920[ 1955| 1930 1950| 1965| 1945| 1935] 1910] 1940
MSA Optifilter TL Cartridge (2/23/18) BY-108
Volumes Air Collected (L
Sample Box Number | Mach. | Mach. | 0|05 | 51 | 82 | ca | 2 | o2 | o2 | &2 | 2 | m1 | 2 | 61| 62| W1 | m
Analyte Line | Base 1 | Base 2
SVOC A | 366| 3.71] 388 3098 3.79] 4.07] 3.76] 3.88| 3.60| 3.69| 3.93| 3.97| 393 408 4.42] 4.27] 3.87] 301
voC B | 378] 3.96] 395 3.91] 415 3.90] 3.94] 3.73| 3.66] 3.58| 3.97] 358 4.19] 393 4.26] 407 3.94] 3.97
honol | C | 4.38| 414 4.17] a01] 4.22] 438] 397| 4.04] 368 388 3.62] 397] 400 391 4.33] 429 378 aie|
Furans D | 602 648 585 623 635 649] 576] 6.14] 605 577] 597] 585 600] 7.07| 626| 683 664 641
Ethylami E | 127] 123| 124] 114] 121] 115| 117] 112| 114] 120] 11.7] 119] 119] 120] 11.9] 127 11.7] 120
Acetonitrile | F | 129] 121] 125 117] 127 12.4] 123] 117] 118 119] 11s| 115 11.9] 11.2| 129 126] 11.9] 120
Mercury | G | 30.4] 300| 295 302] 299] 298| 298] 205 298| 293 293 296] 302] 315| 314 31.4] 200] 31|
A i W | 242] 239| 233| 249| 23] 255| 232| 249 238 247 234] 247 236| 250| 247 253| 233 23|
Aldehyde | 1 | 233] 251] 251] 249] 251] 247 251 243 251 23.5| 250| 228 25.1] 23.1] 256| 245| 248 252
1,3-Butadiene | J | 24.6| 231 234] 231 237| 229] 236| 245| 235]| 247 234 250] 235| 244| 246| 248 233 250
Pyridine | K | 119| 125] 115] 112] 115| 121 120| 124| 120 124] 120] 1i8| 119] 119] 120] 118] 126] 121
Nitrosamines | L 223|  228] 232] 245| 233| 232] 235] 238| 235] 240| 232| 236 233| 251 242| 241 2a7] 247
AVG Flow Rate (ml/min
Sample Box Number § Mach. | Mach. | 0 | 05 | 51 | 82 | ca | 2 | o2 | o2 | &2 | 2 | 0 | 2 | 61 | G2 | W1 | 2
Analyte Line| Base 1 | Base 2
SVOC A | 305| 309 323] 33.2] 316| 340] 31.3] 324] 300 30.7] 328 33.1] 32.7] 339] 36.2] 350 322 32
voc B | 315| 330 329 326 346 325 328 311 305 298 33.1] 299 349 327 350 33.3] 329 331
Methonol | C | 365| 345| 348 335| 352| 365| 331 337 307 323 302 33.1] 333| 325| 355| 35| 315 347
Furans D | so02| 540 488 519| s529] sai| 480| 512| 504 481 498] 488| 500| 589 51.3| 560 553 534
hyl E 106] 102] 10a] 94.9] 100] 958| 97.5| 93.5| 953] 100] 97.8] 989 99.2] 996 97.9] 104] 97.2] 100
Acetonitrile | F 107]  101] 104] 979] 106] 103] 103| 97.2] 98.4] 989 96.1] 96.1| 99.1] 93.4] 105| 103| 995 100
Mercury | G | 254] 250] 24| 251| 249| 28| 2as| 245| 249 24a| 24a| 247] 251| 263| 257| 257| 241| 264
Ammonia | H | 202] 199 194] 208| 198] 213] 194] 207| 199] 206] 195| 206] 197] 208] 202] 208] 194] 199
Aldehyde | | 19a]  209] 209] 208] 209] 206] 210] 202] 209] 196] 208] 190] 209 192] 210] 201] 206] 210
1, 3-Butadi ) 205|  192] 195] 192] 197] 191] 197] 20a] 196] 206| 195| 208| 196 203 201] 203| 198] 20|
Pyridine | K | 995| 1040] 956] 932] 962] 1010| 1000| 1030| 1000] 1035| 998| 98] 992] 993] 983] 967| 1049| 1010
Nitrosamines | L | 2025 1900| 1935| 2040| 1945| 1930| 1960] 1985| 1955| 2000| 1930| 1970] 1945| 2095| 1984| 1976| 2060 2060
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3M FR57 Cartridge (2/24/18) BY-108

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach. |\ | 05 | 51 | g2 | ca | c2 | o1 | 02| ex | e2 | ;| /2 | 61| G2 | b2 | w2
Analyte Line| Base 1 | Base 2
SVOC A | 431] 393| 454] 421] 4.12| 406 305| 432| 409 398 4.18| 4.14] 3.87] 397] 391| 378 3.81| 364
VOC B | 408 3.63] 399| 4.14] 3.95| 3.77| 390 3.82] 422 3.91 4.16| 401| 422 3.84| 412| 4.14] 4.04] 4.08|
Methonol | C | 446 3.02] 439] 4.27| 421 425| 387| 4.36] 4.16] 4.17| 4.08| 430 3.90| 4.03| 397| 3.91] 389 384
e D | 596] 582 674] 672| 5.83| 646 5.84] 658 5.63] 571 5.80] 6.67] 574] 606 567| 583 631 572
Ethylamine | E | 127| 123] 13.2] 120] 12.2| 121 1.8 12.0| 128 119] 12.8] 120| 124] 121| 123]| 119] 122] 118
Acetonitrile | F | 1L7| 13.0] 120| 13.5| 124| 12.6] 124| 12.0] 123| 12.5| 123| 120| 12.4] 128] 122| 13.0] 120] 120
Mercury | G | 314 299| 305| 29.6| 30.8] 29.8] 296] 298] 30.0| 29.8] 20.6] 293| 29.1] 29.4| 200| 289 29.8] 307
A ia | H | 240] 23.1] 238 23.8| 239] 23.8] 240| 24.2| 22.8| 242| 24.8| 24.1] 250| 244| 24.5| 243| 238 242
Aldehyde | | | 23.3| 230] 24.0| 23.1| 245 22.2] 249| 239| 246 23| 24.2| 242| 24.2| 24.1] 24.6| 240| 245 23.9
1,3-Butadiene | J | 26.2| 22.4] 256 22.3| 256| 219 257| 23.9| 25| 236| 251| 236 24.7| 234| 244| 23.7| 242| 237
Pvrldine K 117 118 117 107 115 113 117 124 117 130 118 121 119 125 114 125 113 131
Nitrosamines | L | 239] 235| 227] 224 229] 226| 232| 236] 231] 242] 242| 230| 235| 247] 235 242 239] 238
AVG Flow Rate (ml/min)
Sample Box Number | Mach. | Mach.
e —TTne] Base 1 | Bases| A1 | A2 [ 81 | B2 | ct| @ o102 | e | E2| F| R |6 G| K| K
SVOC A | 359 327] 379 350] 343 33.8] 329] 360] 34.1] 33.2] 34.8| 345 32.2] 33.1] 32.6| 315| 318 304
voc B | 340 303 332| 345 320| 314 325 31.8| 352| 326| 347 335| 352 320| 343| 345| 337 340
Methonol | C | 37.1] 32.7] 365| 356 35.1] 354] 323| 36.3] 347] 34.8] 34.0| 358| 32.5| 33.6| 33.1] 326] 32.4] 320
Furans D | 497 485| 56.2| 56.0| 48.6] 53.8| 48.6| 549 46.9) 47.6] 483 55.6] 47.9] 505| 47.3| 486| 526 47.7
Ethylamine | E | 106| 103| 110] 100] 102| 101] 986| 100] 107] 992 106] 100] 103] 101| 103| 99.4] 102| 985
Acetonitiile | F | 97.2] 108| 99.9] 112| 104] 105| 104] 99.8] 102] 105| 103] 107] 103| 108] 102] 109] 100] 107
Mercury | G | 262| 249| 254| 247| 257| 248| 246| 249] 250| 248| 247| 244| 242| 245| 241 241| 248] 256
Ammonia | H | 200] 193] 199 199] 199] 199] 200] 202| 190] 201| 207] 201| 208| 203| 20a| 202| 198] 201
Aldehyde | 194 199 200 192 204 185 208 199 205 199 201 202 202 201 205 200 204 199
1, 3-Butadiene | J 218]| 187| 213| 186| 214] 183| 214] 199 214] 197| 209] 197] 208| 195] 203| 197| 202] 197
Pyridine K | o75| 982] o72| 88| 960| 939| 975] 1035| 979] 1085| 985 1010] 990| 1040| 50| 1040] 945| 1095
Nitrosamines | L | 1990| 1955 1890| 1865 1905| 1880| 1930| 1965 1922| 2020 2015| 1920| 1960| 2055| 1955| 2015 1990| 1980
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C.3.2 Temperature, Pressure, and Relative Humidity

SCOTT 7422-5D1 Cartridge (2/23/18) BY-110

| Influent- Pre | After Sample Taken

|Reading UOM Baseline [A B C D E F G H
|Relative Humidty % 73.3 65.4 67.2 73.9

Temperature F 45.4 50.7 43.7 36.8

Pressure Torr 739.8 739.5 7359.1 735.7

NH3 ppm

VOC ppm

| Influent - Post | After Sample Taken

|Reading uom Baseline |A B C D E F G H
|Relative Humidty % 68.3 77.7 75.9 74.0 78.5
Temperature F 43.9 35.2 359 39.0 35.4
Pressure Torr 737.9 734.4 732.5 730.9 728.4
NH3 ppm

VOC ppm

| Effluent - Pre | After Sample Taken

|Reading uom Baseline |A B C D E F G H
|Relative Humidty % 29.4 27.7 31.2 314

Temperature F 54.3 57.2 50.6 45.9

Pressure Torr 438.0 434.2 433.9 428.0

NH3 ppm

VOC ppm
| Effluent- Post | After Sample Taken
|Reading uom Baseline |A B C D E F G H
|Relative Humidty % 33.6 34.6 30.7 317 32.8)
Temperature F 50.1 44.0 49.3 52.5 46.4
Pressure Torr 442.6 436.6 436.8 436.1 433.0
NH3 ppm 12

vOoC ppm 0.25 0.6

Source: Scott SD-1.pdf pg. 4/6 pge. 8* Pg. 12* Pg. 16 Pg. 20 Pg. 26 Pg. 28 Pg. 32 Pg. 36

* includes additional 15 min. increment readings available in source file (field notes) for RH, T, and P between Pre and Post readings for influent and exhaust.
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SCOTT 7422-SC1 Cartridge (2/24/18) BY-110

| Influent- Pre | After Sample Taken

|Reading Juom  |Baseline [A B C D E F G H
Relative Humidity % 65.9 63.9 62.2 67.4 77.9 69.9 68.2 776 76.8)
Temperature F 46.2 50.4 59.5 57.0 52.7 49.7 53.0 519 Sl,ll
Pressure Torr 7338 720.9 721.4 723.9 723.1 7226 720.9 717.3 ?16.4'
NH3 ppm

VOoC ppm

| Influent - Post | After Sample Taken

|Reading uom  |[Baseline |A B G D E F G H
Relative Humidity % 63.6 64.1 72.4 71.5 84.6
Temperature F 50.7 56.8 55.5 52.2 46.3)
Pressure Torr 742.8 719.7 721.0 722.0 714.9
NH3 PpmM >99
VocC ppm 4

I Effluent - Pre | After Sample Taken

|Reading Juom  |Baseline [A B C D E F G H
Relative Humidity % 32.3 32.6 30.8 31.3 33.5 317 30.1 34.2 35.0
Temperature F 49.6 55.3 66.1 65.4 59.1 58.1 63.9 57.8 56.9
Pressure Torr 436.1 447.3 435.9 452.6 453.1 452.8 458.2 453.8 454.7
NH3 ppm
VoC ppm

| Effluent- Post | After Sample Taken

|Reading uoM  |[Baseline |A B c D E F G H
Relative Humidity % 45.3 32.1 323 48.2 38.2
Temperature F 53.1 66.2 65.4 66.5 52.5
Pressure Torr 742.6 456.8 458.4 462.2 459.5
NH3 ppm =99
VocC ppm 4
Source: Scott SC-1.pdf pg. 4 pg. 8* Pg. 12* Pg. 16 Pg. 20 Pg. 24 Pg. 28 Pg. 32 Pg. 36

* includes additional 15 min. increment readings available in source file (field notes) for RH, T, and P between Pre and Post readings for influent and exhaust.
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MSA Optifilter TL Cartridge (2/23/18) BY-108

Influent- Pre | After Sample Taken
Reading rUOM |Baseline |A B C D Ei F G H
Relative Humidty % 48.0 69.0 811 67.6 68.0 80.1
Temperature F 44.3 44.3 48.8 44.0 36.1 42.6
Pressure Torr 733.1 709.3 708.4 706.6 704.6 698.4
NH3 ppm
VocC ppm
Influent - Post | After Sample Taken
Reading UOM  [Baseline [A B C D E F G H
Relative Humidty % 83.1 73.6 66.4 87.7
Temperature F 45.6 35.9 38.0 37.5
Pressure Torr 708.1 701.8 700.9 696.7
NH3 ppm
VocC ppm
| Effluent - Pre | After Sample Taken
Reading Juom |Baseline [A B C D E F G |H
Relative Humidty % 48.6 47.5 54.0 57.3 60.2 66.6
Temperature F 42.6 49.9 57.0 49.3 41.2 47.3
Pressure Torr 730.6 706.6 705.7 704.1 702.0 695.8)
NH3 ppm
vocC ppm
[ Effluent- Post | After Sample Taken
Reading Juom  [Baseline |A B C D E F G H
Relative Humidty % 55.7 65.2 64.3 79.2
Temperature F 54.7 39.5 40.8 43.1
Pressure Torr 705.4 699.2 698.3 694.0|
NH3 ppm 0 5 5
voC ppm 0 1.250 1.440
Source: MSA TL.pdf pg. 4 pg. 8* Pg. 12* Pg. 16 Pg. 20 Pg. 24/26 Pg. 28 Pg. 32 Pg. 36

* includes additional 15 min. increment readings available in source file (field notes) for RH, T, and P between Pre and Post readings for influent and exhaust.
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3M FR57 Cartridge (2/24/18) BY-108

Influent- Pre | After Sample Taken
Reading uom Baseline |A B C D E F G H
Relative Humidty % 60.7 72.4 77.5 88.1 77.2 75.8 72.0 77.9 72.9
Temperature F 48.2 53.6 55.1 53.5 55.8 50.5 53.3 51.3 53.4
Pressure Torr 697.8 681.4 680.6 679.0 682.0 682.2 682.4 681.0 679.7
NH3 ppm
VoC ppm
Influent - Post | After Sample Taken
Reading uom Baseline |A B C D E F G H
Relative Humidty % 80.7 88.1 80.8 75.8 72.0 77.9 72.9 81.4
Temperature F 55.0 53.5 55.7 50.5 53.3 51.3 53.4 50.4/
Pressure Torr 681.2 679.3 682.0 682.2 682.4 681.0 679.7 676.8
NH3 ppm
VocC ppm
| Effluent - Pre | After Sample Taken
Reading uom Baseline |A B (c. D E F G H
Relative Humidty % 51.7 53.4 59.1 64.8 67.6 69.7 68.4 66.4 68.4
Temperature F 49.9 57.9 62.0 61.1 59.7 53.5 55.4 55.7 55.9
Pressure Torr 693.4 677.1 676.4 675.0 677.8 678.0 678.2 676.8 675.5
NH3 ppm >100
voC ppm 16.2
Effluent- Post | After Sample Taken
Reading uom Baseline |A B C D E F G H
Relative Humidty % 60.1 64.8 68.2 69.7 68.4 66.4 68.4 70.5
Temperature F 62.1 61.1 60.4 53.5 55.4 55.7 55.9 54.7
Pressure Torr 676.9 675.1 677.8 678 678.2 676.8 675.5 672.8
NH3 ppm
VoC ppm
Source: FR-57.pdf pg. 4 pg. &% Pg. 12* Pg. 16 Pg. 20 Pg. 26 Pg. 28 Pg. 32 Pg. 36

* includes additional 15 min. increment readings available in source file (field notes) for RH, T, and P between Pre and Post readings for influent and exhaust.
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C.4 Raw Data

C.4.1 SVOC and SVOCTIC
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C.74
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C.79
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Cc.81
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C.83



C.84



C.85
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C.87



C.88



C.89
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C.a1



C.92
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C.94



C.95
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C.99



C.100
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C.119
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C.121



C.122



C.123
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C.125
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C.4.2 VOC and VOCTIC

C.127



C.128



C.129



C.130



C.131
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C.133
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C.137
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C.175
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C.177
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C.179



C.180



C.181



C.182



C.183



C.184



C.185



C.186



C.187



C.188



C.189



C.190



C.191



C.192



C.193



C.194



C.195



C.196



C.197



C.198



C.199



C.200



C.201



C.202



C.203



C.204



C.205



C.206



C.207



C.208



C.209



C.210



C.211



C.212



C.213



C.214



C.215



C.216



C.217



C.218



C.219



C.220



C.221



C.222



C.223



C.224



C.225



C.226



C.227



C.228



C.229



C.230



C.231



C.232



C.233



C.234



C.235



C.236



C.237



C.238



C.239



C.240



C.241



C.242



C.243



C.244



C.245



C.246



C.247



C.248



C.249



C.250



C.251



C.252



C.253



C.254



C.255



C.256



C.257



C.258



C.259



C.260



C.261



C.262



C.263



C.264



C.265



C.266



C.4.3 Methanol

C.267



C.268



C.269



C.270



C.271



C.272



C.273



C.274



C.275



C.276



C.277



C.278



C.279



C.280



C.281



C.282



C.283



C.284



C44 Furans

C.285



C.286



C.287



C.288



C.289



C.290



C.291



C.292



C.293



C.294



C.295



C.296



C.297



C.298



C.299



C.300



C.301



C.302



C.303



C.304



C.305



C.306



C.307



C.308



C.309



C.310



C.311



C.312



C.313



C.314



C.315



C.316



C.317



C.318



C.319



C.320



C.321



C.322



C.323



C.324



C.325



C.326



C.327



C.328



C.329



C.330



C.331



C.332



C.333



C.334



C.335



C.336



C.337



C.338



C.339



C.340



C.341



C.342



C.343



C.344



C.345



C.346



C.347



C.348



C.349



C.350



C.351



C.352



C.353



C.354



C.355



C.356



C.357



C.358



C.359



C.360



C.361



C.362



C.363



C.364



C.45 Amines

C.365



C.366



C.367



C.368



C.369



C.370



C.371



C.372



C.373



C.374



C.375



C.376



C.377



C.378



C.379



C.380



C.381



C.382



C.383



C.384



C.385



C.386



C.387



C.388



C.389



C.390



C.391



C.392



C.393



C.394



C.395



C.396



C.397



C.398



C.399



C.400



C.401



C.4.6 Acetonitrile

C.402



C.403



C.404



C.405



C.406



C.407



C.408



C.409



C.410



C.411



C.412



C.413



C.414



C.415



C.416



C.417



C.418



C.419



C.420



C.421



C.422



C.423



C.424



C.425



C.426



C.427



C.428



C.429



C.430



C.431



C.432



C.433



C.434



C.4.7 Mercury

C.435



C.436



C.437



C.438



C.439



C.440



C.441



C.442



C.443



C.444



C.445



C.446



C.447



C.448



C.449



C.450



C.451



C.452



C.453



C.454



C.455



C.456



C.457



C.458



C.459



C.460



C.461



C.462



C.4.8 Ammonia

C.463



C.464



C.465



C.466



C.467



C.468



C.469



C.470



C.471



C.472



C.473



C.474



C.475



C.476



C.AT77



C.478



C.479



C.480



C.481



C.482



C.483



C.484



C.485



C.486



C.487



C.488



C.489



C.490



C.491



C.492



C.4.9 Aldehydes

C.493



C.494



C.495



C.496



C.497



C.498



C.499



C.500



C.501



C.502



C.503



C.504



C.505



C.506



C.507



C.508



C.509



C.510



C.511



C.512



C.513



C.514



C.515



C.516



C.517



C.518



C.519



C.520



C.521



C.522



C.523



C.524



C.525



C.526



C.527



C.528



C.529



C.530



C.531



C.532



C.533



C.534



C.535



C.536



C.537



C.538



C.539



C.540



C.541



C.542



C.543



C.544



C.545



C.546



C.547



C.548



C.549



C.550



C.551



C.552



C.553



C.554



C.555



C.556



C.557



C.558



C.559



C.560



C.561



C.562



C.563



C.564



C.565



C.566



C.567



C.568



C.569



C.570



C.571



C.572



C.573



C.574



C.575



C.576



C.577



C.578



C.579



C.580



C.581



C.582



C.583



C.584



C.585



C.586



C.587



C.588



C.589



C.590



C.591



C.592



C.593



C.594



C.595



C.596



C.597



C.598



C.599



C.600



C.601



C.602



C.603



C.604



C.605



C.606



C.607



C.608



C.609



C.610



C.611



C.612



C.613



C.614



C.615



C.616



C.4.10 1,3-Butadiene

C.617



C.618



C.619



C.620



C.621



C.622



C.623



C.624



C.625



C.626



C.627



C.628



C.629



C.630



C.631



C.632



C.633



C.634



C.635



C.636



C.637



C.638



C.639



C.640



C.641



C.642



C.643



C.644



C.645



C.646



C.647



C.648



C.649



C.650



C.651



C.652



C.653



C.654



C.655



C.656



C.657



C.658



C.659



C.660



C.661



C.662



C.663



C.664



C.665



C.666



C.667



C.668



C.669



C.670



C.671



C.672



C.673



C.674



C.675



C.676



C.677



C.678



C.679



C.680



C.4.11 Pyridines

C.681



C.682



C.683



C.684



C.685



C.686



C.687



C.688



C.689



C.690



C.691



C.692



C.693



C.694



C.695



C.696



C.697



C.698



C.699



C.700



C.701



C.702



C.703



C.704



C.705



C.706



C.707



C.708



C.709



C.710



C.711



C.712



C.713



C.714



C.715



C.716



C.4.12 Nitrosamines

C.717



C.718



C.719



C.720



C.721



C.722



C.723



C.724



C.725



C.726



C.727



C.728



C.729



C.730



C.731



C.732



C.733



C.734



C.735



C.736



C.737



C.738



C.739



C.740



C.741



C.742



C.743



C.744



C.745



C.746



C.747



C.748



C.749



C.750



C.751



C.752



C.753



C.754



C.755



C.756



C.757



C.758



C.759



C.760



C.761



C.762



C.763



C.764



C.765



C.766



C.767



C.768



C.769



C.770



C.771



C.772



C.4.13 Chain of Custody Forms

C.773



C.774



C.775



C.776



C.777



C.778



C.779



C.780



C.781



C.782



C.783



C.784



C.785



C.786



C.787



C.788



C.789



C.790



C.791



C.792



C.793



C.794



C.795



C.796



C.797



C.798



C.799



C.800



C.801



C.802



C.803



C.804



C.805



C.806



C.807



C.808



C.809



C.810



C.811



C.812



C.813



C.814



C.815



C.816



C.817



C.818



C.819



C.820



C.821



C.822



C.823



C.824



C.825



C.826



C.827



C.828



C.829



C.830



C.831



C.832



C.833



C.834



C.835



C.836



C.837



C.838



C.839



C.840



C.841



C.842



C.843



C.844



C.845



C.846



C.847



C.848



C.849



C.850



C.851



C.852



C.853



C.854



C.855



C.856



C.857



C.858



C.859



C.860



C.861



C.862



C.863



C.864



C.865



C.866



C.867



C.868



C.869



C.870



c.871



C.872



C.873



C.874



C.875



C.876



C.877



C.878



C.879



C.880



C.881



C.882



C.883



C.884



C.885



C.886



C.887



C.888



C.889



C.890



C.891



C.892



C.893



C.894



C.895



C.896



C.897



C.898



C.899



C.900



C.901



C.902



C.903



C.904



C.905



C.906



C.907



C.908



C.909



C.910



CJo11



C.912



C.913



C.914



C.915



C.916



C.917



C.918



C.919



C.920



C.921



C.922



C.923



C.924



C.925



C.926



C.927



C.928



C.929



C.930



C.931



C.932



C.933



C.934



C.935



C.936



C.937



C.938



C.939



C.940



C.941



C.942



C.943



C.944



C.945
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