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l. Executive Summary

In January 2005, the National Park Service contracted with Montana Tech of The
University of Montana and Boise State University to evaluate employee exposure to air
contaminants and noise associated with snowmobile operations in Yellowstone National
Park. The exposure evaluations were performed at the Park’s West Entrance and Madison
Warming Hut during the 2005 Martin Luther King three-day weekend (January 15", 16",
and 17"™) and the 2005 President’s Day three-day weekend (February 19™, 20", and 21%).
Employee exposure evaluations were also performed at the Mammoth Hot Springs
Maintenance shop on February 7, 2005.

The employee exposure evaluations were performed during anticipated peak levels of
snowmobile use in an attempt to obtain worst-case measurements during winter use work
activities. Due to the absence of inversions noted during the monitoring dates of the
current study, worst-case data were not collected. Personal and area air sampling and
noise monitoring were performed on Yellowstone National Park’s West Entrance
personnel, warming hut personnel, snowmobile mechanics, and park rangers. Personal
and area air samples were collected for the following contaminants:

Aldehyde screen

BETX (benzene, ethyl benzene, toluene, and xylenes)
Total hydrocarbons

Volatile organic compounds (VOCs)

Elemental and organic carbon

Oxides of Nitrogen

Carbon Monoxide

Respirable particulate matter (2.5 um and 4.0 pm)

The results of the current study were compared to established occupational exposure
limits [Permissible Exposure Limits (PELs), Threshold Limit Values (TLVs), National
Institute of Occupational Health Recommended Exposure Limits (NIOSH RELSs)] for all
of the contaminants listed above, with the exception of VOCs. VOC results were
compared to established recommended exposure limits [(Minimal Risk Levels (MRL)].
All employee exposure to the above air contaminants and noise were well below
established Occupational Safety and Health Administration (OSHA) Permissible
Exposure Limits (PELs) and other established recommended exposure limits.

The results from the current study were also compared with previous studies to evaluate
trends in occupational exposure to Park Service personnel. Comparison of the current
study with previous studies shows a general decrease in exposure to aldehydes, BETX,
VOCs, and respirable particulate matter. The results of noise exposure received by Park
Service Personnel were similar to those found in previous studies with the only area of



noise concern being the riders of snowmobiles whose 8-hour TWAs exceeded the OSHA
Hearing Conservation Amendment and approached the OSHA Engineering Standard.

I1. Introduction

In November 2004, The National Park Service published its final rule allowing up to 720
snowmobiles per day to enter Yellowstone National Park. The total daily commercially
guided snowmobile entry limits are 400, 220, 40, 30 and 30 for the West Entrance, South
Entrance, East Entrance, North Entrance, and Old Faithful, respectively. The final rule
also allows only those snowmobiles that meet the National Park Service Best Available
Technology requirements. '

Vehicle exhaust from snowmobiles contains numerous toxic compounds. Four-stroke
engines emit substantially less hydrocarbons (HC), particulate matter (PM), and carbon
monoxide, but more nitrogen oxides (NOy) than 2-stroke engines.” A comparison of 2-
stroke vs. 4-stroke engine exhaust emissions is shown in Table 1.

Table 1. Snowmobile Emission Factors

Source of Emission Factor Emission Factor, grams/hp-hr
2-stroke engines HC NOx CO PM
1. SWRI 98 Polaris Base 151 04 416 1.3
2. SwRI 98 Polaris Rich 180 0.3 474 1.7
3. SwWRI 98 Polaris Gasohol 127 04 377 1.0
4. SWRI 98 Polaris Gasohol/Bio Lube 104 04 332 1.7
5. SwRI 98 Polaris Aliphatic 201 05 424 20
6. SWRI 98 Arctic Cat Gasoline 156 0.5 363 3.5
7. SWRI 98 Arctic Cat Gasohol 164 0.5 342 34
8. SWRI 99 Polaris BASE 116 0.7 376 0.7
9. SwRI 99 Polaris BIO 120 0.7 391 14

4-stroke engines

10. EPA 4-stroke overhead engine 52 35 409 0.04

11. CARB 4-stroke <= 25 hp 4 1.8 240 0.09

12. CARB 4-stroke >25 hp 2 3 150  0.00

1-7. Emissions from Snowmobile Engines using Bio-based Fuels and Lubricants, White and Carroll,
1998

8-9. “Characterization of Snowmobile Particulate Emissions,” Carroll and White, 1999

10. Exhaust Emission Factors for Nonroad Engine Modeling—Spark Ignition, U.S. EPA Report No.
NR-010b (EPA420-R-99-009), 1999
11-12.  Emission Factors files (*.emf) used for Nonroad model at: http://www.epa.gov/oms/nonrdmdl.htm




Additional data on 4-stroke “best available technology” BAT snowmobile engine
emissions are presented in Table 2

Table 2. Summary of 4-Stroke Snowmobile Emission Engine Emission Factors of
2002

Snowmobile Engine Emission, grams/hp-hr

HC NOx CO PM Brake Specific Fuel
Consumption

Arctic Cat 4-Stroke, mean 462 793 59.6 0.065 0.602
Polaris 4-stroke, mean 238 520 59.0 0.085 0.694
4-stroke, mean 35 6.57 593 0.075 0.648

Lela, Chad; White, Jeff J; Haines, Howard; and Sacklin, John. July 2002. Laboratory Testing of
Snowmobile Emissions: Southwest Research Institute, Report number SwRI 08.05486, Table 9, Two-Stroke
VS. 4-Stroke, Snowmobile Engine Emissions, and Fuel Consumption Comparison.

In addition to the snowmobile emission data presented in Tables 1 and 2, there are BAT
requirements for snowmobile sound emissions. These BAT requirements are 73 dBA or
less at idling speed. The Society of Automotive Engineers testing procedures allow for a
2 dB tolerance over the sound level limit to provide for variations in test site, temperature
gradients, wind velocity gradients, test equipment, and inherent differences in nominally
identical vehicles. It has been observed that under some test site conditions, variability in
test results greater than 2 dB can be experienced.

During the months of January and February, 2005, an industrial hygiene survey was
performed in Yellowstone National Park. The major objective of the survey was to
evaluate Park Service personnel exposure to particulate matter, air contaminants, and
noise emitted by snowmobiles. Personal and area air sampling and noise monitoring
were performed on west entrance personnel, warming hut personnel, snowmobile
mechanics, and park rangers over the course of 8 working days. The employee exposure
evaluations were performed during anticipated peak levels of snowmobile use in an
attempt to obtain worst-case measurements during winter use work activities. Samples
were collected during the Martin Luther King three-day weekend (January 15" 16™, and
17th, 2005), on February 7th, 2005, and the President’s Day three-day weekend (February
19" 20™ and 21%, 2005).

The results of the current study are summarized in this report. The current results are also
compared to previous studies® * > ® to evaluate trends in occupational exposure to Park
Service personnel.

1. Material and Methods




Personal and area air samples were collected to determine Park Service employee
exposure to noise and specific toxic air contaminants. The area air samples were located
at workstations so that estimates of employee exposure could be determined. Personal
samples were collected on employees wearing sample media. Personal and area air
samples were collected for the following contaminants:

Aldehyde screen

BETX (benzene, ethyl benzene, toluene, and xylenes)

Total petroleum hydrocarbons

Volatile organic compounds (VOCs)

Elemental and organic carbon

Oxides of Nitrogen

Carbon Monoxide

Respirable particulate matter 2.5, 4.0, and 10 micrometer (um) aerodynamic
diameter

The bulk of the employee exposure monitoring was conducted at the West Entrance
kiosks because the majority of the snowmobiles enter the Park by this route. Sampling
was also performed at the Madison Warming Hut, at the Mammoth Maintenance Shop,
and on Park rangers operating snowmobiles. At the Park’s West Entrance all samples
were collected on a partial shift basis due to fact that Park employees only monitor
snowmobiles as they enter the Park and all entries were typically completed by
approximately noon each day. Similarly, samples collected at the Madison Warming Hut
and the Mammoth Hot Springs Mechanic Shop were also partial shift, due either to the
limited availability of an employee to be monitored or the time that a Park employee
spends in a potentially contaminated area. In all cases, the sample results were integrated
over an 8-hour time period to allow for appropriate comparison with established
occupational exposure limits. VOCs were compared to Minimal Risk Levels established
by the Agency for Toxic Substance and Disease Registry. See Appendix A for a
description of these established exposure limits.

A. Snowmobile Entries

In an effort to correlate the level of air and noise emissions with the number of winter
recreational vehicles entering through the Park’s West Entrance, the number and type of
snowmobiles and snow coaches were logged each sampling day by National Park Service
staff. As the bulk of air contaminant and noise exposure is associated with Park
employees monitoring traffic as it passes a kiosk, only vehicles entering the park were
logged.

B. Aldehydes

Aldehyde samples were collected according to National Institute for Occupational Safety
and Health (NIOSH) Manual of Analytical Methods (NMAM) 2539. The sampling media
consisted of a solid sorbent tube (10% 2-hydroxymethyl piperidine on XAD-2, 120
mg/60 mg). The samples were collected at a flow rate of 0.01 to 0.05 L/min using SKC



low flow sampling pumps. Sampling pumps were calibrated using a Gilian® Gilibrator™
before and after each sampling day. Samples were analyzed by Data Chem Laboratories,
an American Industrial Hygiene Association (AIHA) accredited laboratory. Samples
were analyzed by gas chromatography/mass spectrometry (GC/MS) for the following
compounds: acetaldehyde; acrolein, butyraldehyde, formaldehyde, heptanal, hexanal, iso-
valeraledhyde, propionaldehyde, and valeraldehyde. The estimated limit of detection
(LOD) for this method is 2 pug of aldehyde per sample. Three blank samples were
submitted for analysis for quality control assurance. (NIOSH NMAM 2539 can be
viewed in Appendix B).

C. BETX and Total Petroleum Hydrocarbons

BETX ((benzene, ethyl benzene, toluene, and xylenes) and total petroleum hydrocarbon
samples were collected according to NIOSH NMAM 1501. The sampling media
consisted of a solid sorbent tube (coconut shell charcoal, 100 mg/50 mg). The samples
were collected at a flow rate of 0.02 L/min using SKC low flow sampling pumps.
Sampling pumps were calibrated using a Gilian® Gilibrator™ before and after each
sampling day. Samples were analyzed by Data Chem Laboratories using GC for the
following compounds: benzene (LOD 0.5 pg/sample), toluene (LOD 0.7 pg/sample),
ethyl benzene (LOD 0.5 pg/sample), xylene (LOD 0.8 pg/sample), and total
hydrocarbons (LOD 0.6 pg/sample). Three blank samples were submitted for analysis for
quality control assurance. (NIOSH NMAM 1501 can be viewed in Appendix B).

D. Volatile organic compounds (VOCs)

VOC samples were collected according to Environmental Protection Agency (EPA)
analytical method TO-15 (Method TO-15 can be viewed in Appendix B). This method
documents sampling and analytical procedures for the measurement of subsets of the 97
volatile organic compounds (VOCs) that are included in the 189 hazardous air pollutants
(HAPs) listed in Title III of the Clean Air Act Amendments of 1990. VOCs are defined
here as organic compounds having a vapor pressure greater than 10 Torr at 25EC -1 C
and 760 mm Hg. The sampling media consisted of 400-ml stainless steel mini-canisters
used with a sampling regulator to allow for an extended sampling time. The method was
used for the determination of volatile organic compounds (VOCs) in air. Samples were
analyzed by Data Chem Laboratories through analysis by GC/MS.

E. Elemental and Organic Carbon

Elemental and organic carbon samples were collected according to NIOSH NMAM 5040.
The sampling media consisted of a 37-mm quartz fiber filters housed in SKC aluminum
cyclones with a cut point of 4.0 um. The samples were collected at a flow rate of 2.5
L/min using Mines Safety Appliances” (MSA) Escort EIf™ personal sampling pumps.
Sampling pumps were calibrated using a Gilian® Gilibrator™ before and after each
sampling day. Samples were analyzed by Data Chem Laboratories using evolved gas
analysis (EGA) by thermal-optical analyzer. The estimated limit of detection (LOD) for



this method is 1.0 pg per filter portion. Three blank samples were submitted for analysis
for quality control assurance. (NIOSH NMAM 5040 can be viewed in Appendix B).

F. Oxides of Nitrogen

Samples for oxide of nitrogen were collected using both integrated and direct reading
instrumentation. Integrated samples were collected according to NIOSH NMAM 6041.
The sampling media consisted of a solid sorbent tube (oxidizer + 2 triethanolamine-
treated molecular sieves). The samples were collected at a flow rate of 0.025 L/min
using SKC low flow sampling pumps. Sampling pumps were calibrated using a Gilian®
Gilibrator™ before and after each sampling day. Samples were analyzed by Data Chem
Laboratories using visible absorption spectrophotometry for nitric oxide (NO) and
nitrogen dioxide (NO,). The estimated limit of detection (LOD) for this method is 1.0 ug
NO; per sample. Six blank samples were submitted for analysis for quality control
assurance. (NIOSH NMAM 6041 can be viewed in Appendix B)

NO, was also measured using an Industrial Scientific iTX® Multi-Gas Monitor™. The
instrument was equipped with an electrochemical sensor that measures nitrogen dioxide
ranging from 0.2 ppm to 99.9 ppm, in 0.1 ppm increments. The Multi-Gas Monitor was
setup to data log every 10 seconds while monitoring. Montana Tech received the Multi-
Gas monitor from the manufacturer within 1 month of its use in our research, making the
instrument in compliance with the manufacturer’s recommendations. In addition, the
Multi-Gas Monitor was “bump” tested in accordance with Industrial Scientific’s
recommendations. The data recorded during our research was downloaded and analyzed
using Industrial Scientific’s software. The instrument was zeroed and calibrated with a
certified NO, span gas each day prior to use.

G. Carbon Monoxide

Carbon monoxide was measured using an Industrial Scientific iTX® Multi-Gas
Monitor™. The Multi-Gas Monitor was equipped with an electrochemical sensor that
measures carbon monoxide ranging from 0 to 999 ppm, in 1 ppm increments. The Multi-
Gas Monitor was setup to log data every 10 seconds during the monitoring period.
Montana Tech received the Multi-Gas monitor from the manufacturer within 1 month of
its use in our research, making the instrument in compliance with the manufacturer’s
recommendations. In addition, the Multi-Gas Monitor was “bump” tested in accordance
with Industrial Scientific’s recommendations. The data recorded during our research was
downloaded and analyzed using Industrial Scientific’s software. The instrument was
zeroed and calibrated with a certified CO span gas each day prior to use.

H. Respirable particulate matter

Samples for respirable particulate matter (2.5, 4.0, and 10 micrometer (um) aerodynamic
diameter) were collected using both integrated and real time aerosol samplers. Integrated
samples were collected according to NIOSH NMAM 0500. The sampling media
consisted of a 37-mm polyetrafluoroethylene (PTFE) filter with a 0.45 um pore size



housed in SKC aluminum cyclones with a cut point of 4.0 um. The samples were
collected at a flow rate of 2.5 L/min using MSA Escort Elf personal sampling pumps.
Sampling pumps were calibrated using a Gilian® Gilibrator™ before and after each
sampling shift. Samples were analyzed by Data Chem Laboratories using gravimetric
analysis. The estimated limit of detection (LOD) for this method is 0.03 mg per sample.
Three blank samples were submitted for analysis for quality control assurance. (NIOSH
NMAM 0500 can be viewed in Appendix B).

Real time respirable particulate samples were collected with the following direct reading
instrumentation:

Thermo-Electron® (MIE) DataRAM™

The DataRAM is a light-scattering photometer (i.e., nephelometer) that incorporates a
pulsed, high output, near-infrared light emitting diode source, a silicon detector / hybrid
preamplifier, collimating optics, and a source reference feedback PIN silicon detector.
The intensity of the light scattered over the forward angle of 45° to 90° by the airborne
particles passing through the sensing chamber is linearly proportional to their
concentration. The DataRAM's optical configuration produces optimal volume response
to particles in the size range of 0.1 to 10pum, achieving high correlation with standard
gravimetric measurements of the respirable and thoracic fractions. The DataRAM was
configured using a sampling head that selectively measures particulate mass at a 50% cut
point of 2.5 um (PM; ).

TSI® P-trak™ ultra-fine particle counter

The TSI® P-trak™ measures particle number concentrations in the 0.02 to 1 um particle
size range. Suspended particles are drawn through the machine by a built-in pump. Upon
entering the instrument, particles pass through a saturator tube where they mix with
alcohol vapor. The particle/alcohol mixture is drawn into a condenser tube where alcohol
condenses on the particles causing them to grow into droplets, facilitating particle
counting. The droplets then pass through a focused laser beam, producing flashes of light.
The light flashes are sensed by a photodetector and counted to determine particle number
counts.

1. Noise

Quest Q400 type 2 personal dosimeters were used to evaluate noise exposure to Park
Service personnel as they monitored snowmobiles and snow coaches entering the West
Entrance to Yellowstone National Park. The internal settings of each dosimeter matched
the OSHA criteria for evaluating noise exposure (i.e. a threshold of 80 dB and 90 dB, a
criterion level of 90 dB, an exchange rate of 5 dB, and a slow time constant). For all
sampling events, pre- and post-calibrations were performed on each dosimeter using a
Quest Model CA-12B acoustical calibrator. All calibrations were made at a sound
pressure level of 114dB at 1000 Hz. All noise samples were taken in the hearing zone of
affected personnel and the instruments were configured to not interfere with an
employee’s normal job activities.
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V. Results and Discussion

The integrated monitoring data for aldehydes, BETX and total hydrocarbons, elemental
and organic carbon, and oxides of nitrogen (NO and NQO,), and respirable particulate are
presented in Tables 1A-1E respectively in Appendix C. OSHA PELs, American
Conference of Governmental Industrial Hygienists Threshold Limit Values (ACGIH-
TLVs), and NIOSH Recommended Exposure Limits (RELs) are also shown in the tables
for comparison with exposure measurements. See Appendix D for copies of Data Chem
Laboratories analytical reports for all integrated sample analysis, with the exception of
the VOCs analytical reports. The VOCs analytical reports are shown in Appendix E.

A. Snowmobile and Snow Coach Entries

Table 2 below summarizes the number of snowmobiles and snow coaches that entered
through the West Entrance to Yellowstone National Park during the 2005 Martin Luther
King and Presidents’ Day weekends. The entries were logged each day by the Park

Service Employees.
Table 3. Number of West Entrance Entries by Date

Date # Snowmobiles # Snow Coaches
1/15/05 163 21
1/16/05 142 12
1/17/05 109 19
2/19/05 279 25
2/20/05 227 23
2/21/05 164 15

In an effort to characterize the time frame of entry for snowmobiles and snow coaches
passing the West Entrance kiosks, Figure 1 below provides a time series describing the
number of vehicles entering the Park on February 19" 2005. As can be seen in Figure 1,
early to midmorning is the dominant period for entries to be made through the West
Entrance, with little to no traffic in the afternoon. This traffic pattern was consistent
throughout the duration of this project.

Number of Snowmobile and Snow Coach Entries = 279
16
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Time (AM)

Figure 1. Snowmobile and Snow Coach Entries on 2/19/05
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B. Aldehyde Results

A total of six samples for employee exposure to aldehydes were collected for this project.
During the Martin Luther King weekend on January 15, 16, and 17, 2005, two samples
were collected at the West Entrance kiosks and one sample was collected at the Madison
Warming Hut. One aldehyde sample was collected at the Mammoth Maintenance Shop
on February 7, 2005, and two samples were collected at the West Entrance kiosks during
President’s Day weekend on February 19 and 20, 2005. Samples were analyzed by
GC/MS for the following compounds: acetaldehyde; acrolein, butyraldehyde,
formaldehyde, heptanal, hexanal, iso-valeraledhyde, propionaldehyde, and valeraldehyde.
The estimated limit of detection (LOD) for this method is 2 ug of aldehyde per sample.
All samples for aldehydes were area samples located at workstations so that estimates of
employee exposure could be determined. All samples were reported as less than the LOD
for the analytical method and thus were below established occupational exposure limits
(see Appendix C Table 1A).

C. BETX and Total Hydrocarbon Results

A total of ten samples for employee exposure to BETX and total hydrocarbons were
collected. Three samples were personal samples and seven samples were area samples
located in employee workstations. During the Martin Luther King weekend on January
15, 16, and 17, 2005, three samples were collected at the West Entrance kiosks and one
sample was collected at the Madison Warming Hut. One sample was collected at the
Mammoth Maintenance Shop on February 7, 2005, and five samples were collected at the
West Entrance kiosks during President’s Day weekend on February 19, 20, and 21, 2005.
Samples were analyzed using GC for benzene, toluene, ethyl benzene, xylene, and total
hydrocarbons. All samples were well below established occupational exposure limits,
with the exception of area sample 2BWH, collected for toluene on 1/16/2005 in the
Madison Warming Hut (see Appendix C Table 1B).

D. Volatile Organic Compound (VOC) Results

A total of 11 mini-can samples for VOCs were collected. One area sample was collected
in kiosk A each day on January 15, 16, and 17, 2005. One personal sample was collected
on a Park Ranger on January 16, 2005 while he performed his ranger duties operating a
BAT 2003 Polaris Frontier Touring snowmobile. One personal sample was collected on a
Mammoth Maintenance Shop worker on February 7, 2005. One area sample was
collected in kiosk A each day on February 19, 20, and 21, 2005. One area sample was
also collected in the office building at the West Entrance on February 19, 2005. One
personal sample was collected on a park ranger at Old Faithful on February 20, 2005,
operating a 2004 BAT Arctic Cat T660 Touring. One area sample was also collected at
the air intake to the ventilation system for the kiosks at the West Entrance on February
21, 2005.

12



The results of the mini-can samples for VOCs are shown in Table 3. The results for the
various compounds identified in the samples are expressed in part per million (ppm).
The results in Table 3 are best interpreted by comparison with sample 222A1. This
sample was collected near the air intake to the ventilation system for the kiosks at the
West Entrance on February 21, 2005, to serve as a control sample. The only contaminant
detected in this sample was acetone at 0.0013 ppm. Overall the total VOC concentration
range was low. Samples 116G and 220K A showed the highest concentrations of total
petroleum hydrocarbons (0.63 and 0.22 ppm respectively). Both of these samples were
area samples located in kiosk A. It is interesting to note that sample 2190B, which was
collected in the office building at the West Entrance on February 19, 2005, showed
similar constituents as were found in the area kiosk samples. The two samples collected
on rangers operating snowmobiles (samples 116SM and 220R) were similar to each other
and were not significantly different in compounds or concentrations from samples
collected in the kiosks. See Appendix E for copies of Data Chem Laboratories analytical
reports for VOCs analysis.

The following describes the sample type and location of the mini-can samples.

#1 mini-can -- Area sample in kiosk A at the West Entrance.

116 G---------- Area sample in kiosk A at the West Entrance.

116 SM ------- Personal sample worn by a Park Ranger operating 2003 BAT
Polaris Frontier Touring snowmobile.

117 G---------- Area sample in kiosk A at the West Entrance.

MC27 --------- Personal sample collected from a mechanic at the Mammoth
maintenance shop.

219KA -------- Area sample in kiosk A at the West Entrance.

2190B -------- Area sample collected in the West Entrance office.

220KA -------- Area sample in kiosk A at the West Entrance.

220R----------- Personal sample worn by a law enforcement ranger operating a
2004 BAT Arctic Cat T660 Touring snowmobile.

220KA -------- Area sample in kiosk A at the West Entrance.

222A1 --------- Area sample collected near the air intake to the kiosk ventilation
system

(Refer to figure 1 in Appendix F for sampling locations)

The Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk Levels
(MRLs) that have been established for compounds listed in Table 3 are shown in Table 4.
An MRL is an estimate of the daily human exposure to a hazardous substance that is
likely to be without appreciable risk of adverse non-cancer health effects over a specified
duration of exposure. These substance specific estimates, which are intended to serve as
screening levels, are used by ATSDR health assessors and other responders to identify
contaminants and potential health effects that may be of concern at hazardous waste sites.
All of the compounds reported above the limit of detection in Table 3 are below all
established recommended MRL (acute, intermediate, and chronic) levels in Table 4.
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Table 4. Volatile Organic Compounds Identified by Method TO-15

*ND — None Detected 1/15/2005 | 1/16/2005 | 1/16/2005 | 1/17/2005 | 2/7/2005 | 2/19/2005 | 2/19/2005 | 2/20/2005 | 2/20/2005 | 2/21/2005 | 2/21/2005
?S}ElcarlnnmI 116 G 116 SM 117G MC27 219KA 2190B 220KA 220R 222KA 222Al
Analyte PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM

Dichlorodifluoromethane 0.00047 0.00052 0.0032 0.0004 0.0016 0.00096 0.00045 0.00055 ND ND ND
Chloromethane 0.0028 ND 0.0015 0.0012 0.0015 0.0015 0.00052 0.00071 0.00058 ND ND
Freon 114 ND ND ND ND ND ND ND ND ND ND ND
Vinyl Chloride ND ND ND ND ND ND ND ND ND ND ND
Bromomethane ND ND ND ND ND ND ND ND ND ND ND
Chloroethane ND ND ND ND ND ND ND ND ND ND ND
Freon 11 ND 0.00026 0.00097 0.00022 0.00035 | 0.0008 0.00037 0.00037 0.0002 ND ND
cis-1,2-Dichloroethane ND ND ND ND ND ND ND ND ND ND ND
Carbon Disulfide ND 0.00035 ND ND ND 0.00066 0.00035 ND 0.00029 ND ND
Freon 113 ND ND ND ND ND ND ND ND ND ND ND
Acetone 0.011 0.0062 ND 0.033 0.270 0.020 0.0088 0.019 0.011 0.0012 0.0013
Methylene Chloride 0.0015 0.00047 0.0044 0.00038 0.0017 0.0008 0.00067 0.00042 0.00032 ND ND
Trans-1,2-Dichloroethene ND ND ND ND ND ND ND ND ND ND ND
1,1-Dichloroethane ND ND ND ND ND ND ND ND ND ND ND
Vinyl Acetate ND ND ND ND ND ND ND ND ND ND ND
1,1-Dichloroethene ND ND ND ND ND ND ND ND ND ND ND
2-Butanone 0.017 0.0035 0.017 0.0053 0.048 0.0036 ND 0.0029 0.0021 ND ND
Chloroform ND ND ND ND 0.00017 | 0.0006 0.00027 0.00021 0.00016 ND ND
1,1,1-Trichloroethane ND ND ND ND ND ND ND ND ND ND ND
Carbon Tetrachloride ND ND ND ND ND ND ND ND ND ND ND
Benzene 0.00086 0.0022 0.0024 0.00038 0.0022 0.0014 0.00082 0.00069 0.001 ND ND
1,2-Dichloroethane ND ND ND ND ND ND ND ND ND ND ND
Trichloroethene ND ND 0.00022 0.00022 0.00026 | 0.0011 0.00026 0.00021 0.00018 ND ND
1,2-Dichloropropane ND ND ND ND ND ND ND ND ND ND ND
Bromodichloromethane ND ND ND ND ND ND ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND ND ND ND ND ND ND
4-Methyl-2-Pentanone 0.0014 0.0023 0.0038 0.0044 0.0017 0.00079 ND ND ND ND ND




Table 4. Volatile Organic Compounds (Continued)

*ND — None Detected 1/15/2005 | 1/16/2005 | 1/16/2005 | 1/17/2005 | 2/7/2005 | 2/19/2005 | 2/19/2005 | 2/20/2005 | 2/20/2005 | 2/21/2005 | 2/21/2005
?S}ElcarlnnmI 116 G 116 SM 117G MC27 219KA 2190B 220KA 220R 222KA 222Al
Analyte PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM

Toluene 0.0065 0.069 0.0062 0.0028 0.0071 0.0043 0.015 0.022 0.0019 ND ND
Trans-1,3-Dichloropropene ND ND ND ND ND ND ND ND ND ND ND
1,1,2-Trichloroethane ND ND ND ND ND ND ND ND ND ND ND
Tetrachloroethene 0.0011 0.00024 0.00073 ND 0.0005 0.00052 0.00053 ND ND ND ND
2-Hexanone ND ND ND ND ND 0.00064 ND 2 ND ND ND
Dibromochloromethane ND ND ND ND ND ND ND ND ND ND ND
1,2-Dibromoethane ND ND ND ND ND ND ND ND ND ND ND
Chlorobenzene ND ND ND ND ND ND ND ND ND ND ND
Ethylbenzene 0.001 0.045 0.0011 0.00035 0.011 0.001 0.0082 0.014 0.0005 ND ND
m,p-Xylene 0.0041 0.220 0.0048 0.0015 0.030 0.0035 0.035 0.067 0.0023 ND ND
0-Xylene 0.0015 0.110 0.0017 0.00063 0.0075 0.0013 0.018 0.034 0.00072 ND ND
Styrene 0.0057 0.00055 0.0014 0.00043 0.00046 | 0.00078 0.00028 0.00049 0.00022 ND ND
Bromoform ND ND ND ND ND ND ND ND ND ND ND
1,1,2,2-Tetrachloroethane ND ND ND ND ND ND ND ND ND ND ND
Benzyl Chloride ND ND ND ND ND ND ND ND ND ND ND
4-Ethyl toluene 0.00025 0.034 0.00039 ND 0.00072 | 0.00088 0.0027 0.00028 0.0002 ND ND
1,3,5-Trimethylbenzene 0.00027 0.051 0.00041 ND 0.0012 0.00057 0.0034 0.015 0.00019 ND ND
1,2,4-Trimethylbenzene 0.00089 0.220 0.0017 0.00061 0.0031 0.001 0.012 0.064 0.00043 ND ND
1,3-Dichlorobenzene ND ND ND ND ND ND ND ND ND ND ND
1,4-Dichlorobenzene ND ND ND ND 0.00024 | 0.00046 0.00022 0.00021 0.00016 ND ND
1,2-Dichlorobenzene ND ND ND ND ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene ND ND ND ND ND ND ND ND ND ND ND
Hexachlorobutadiene ND ND ND ND ND ND ND ND ND ND ND
Methyl t-Butyl Ether ND ND ND ND ND ND ND ND ND ND ND
Total Petroleum

Hydrocarbon 0.034 0.630 0.070 0.018 0.030 0.092 0.220 0.017 0.00043 ND




Table 5. ATSDR Minimal Risk Levels (MRLSs) December 2004

Analyte ATSDR Minimal Risk Levels (MRLs) December 2004
Dichlorodifluoromethane
Chloromethane Inh Acute-0.5ppm, Int-0.2ppm, Chr-.05ppm
Freon 114
Vinyl Chloride Inh Acute-0.5ppm, Int-0.3ppm, Oral Chr-0.003 mg/kg/day
Bromomethane Inh Acute-0.05ppm, Int-0.05ppm, Chr-0.005ppm, Oral Int-0.003 mg/kg/day
Chloroethane Inh Acute-15ppm
Freon 11
Cis-1,2-Dichloroethane Oral Acute-1 mg/kg/day, Int-0.3 mg/kg/day
Carbon Disulfide Inh Chr-0.3ppm, Oral Acute-0.01 mg/kg/day
Freon 113
Acetone Inh Acute-26ppm, Int-13ppm, Chr-13ppm, Oral Int-2 mg/kg/day
Methylene Chloride Inh Acute-0.6ppm, Int-0.3ppm, Chr-0.3ppm, Oral Acute-0.2 mg/kg/day, Chr-0.06 mg/kg/day
trans-1,2-Dichloroethene Inh Acute-0.2ppm, Int-0.2ppm, Oral Int-0.2 mg/kg/day

1,1-Dichloroethane

Vinyl Acetate Inh Int-0.01ppm
1,1-Dichloroethene Inh Int-0.02ppm, Oral Chr-0.009 mg/kg/day
2-Butanone
Inh Acute-0.1ppm, Int-0.05ppm, Chr-0.02ppm, Oral Acute-0.3mg/kg/day, Int-0.1mg/kg/day,
Chloroform Chr-0.01mg/kg/day

1,1,1-Trichloroethane

Inh Acute-2ppm, Int-0.7ppm, Oral Int-20mg/kg/day

Carbon Tetrachloride

Inh Int-0.03ppm, Chr-0.03ppm, Oral Acute-0.05mg/kg/day, Int-0.02mg/kg/day

Benzene Inh Acute-0.05ppm, Int-0.004ppm
1,2-Dichloroethane Inh Chr-0.6ppm, Oral Int-0.2mg/kg/day
Trichloroethene Inh_ Acute-2ppm, Int-0.1ppm, Oral Acute-0.002mg/kg/day

1,2-Dichloropropane

Inh Acute-0.05ppm, Int-0.007ppm, Oral Acute-0.1mg/kg/day, Int-0.07mg/kg/day, Chr-
0.09mg/kg/day

Bromodichloromethane

Oral Acute-0.04mg/kg/day, Chr-0.02mg/kg/day

Cis-1,3-Dichloropropene

Inh Int-0.003ppm, Chr-0.002ppm

4-Methyl-2-Pentanone

Toluene

Inh Acute-1ppm, Chr-0.08ppm, Oral Acute-0.8mg/kg/day, Int-0.02mg/kg/day

trans-1,3-Dichloropropene

1,1,2-Trichloroethane

Oral Acute-0.3mg/kg/day, Int-0.04mg/kg/day

Tetrachloroethene Inh Acute-0.2ppm, Chr-0.04ppm, Oral Acute-0.05mg/kg/day
2-Hexanone

Dibromochloromethane

1,2-Dibromoethane

Chlorobenzene Oral Int-0.4mg/kg/day

Ethylbenzene Inh Int-1.0ppm

m,p-Xylene Inh Acute-1.0ppm, Int-0.7ppm, Chr.-0.1ppm Oral Int-0.2mg/kg/day
0-Xylene Inh Acute-1.0ppm, Int-0.7ppm, Chr.-0.1ppm Oral Int-0.2mg/kg/day
Styrene Inh Chr-0.06ppm, Oral Int-0.2mg/kg/day

Bromoform Oral Acute-0.7mg/kg/day, Int-0.2mg/kg/day, Chr-0.2mg/kg/day
1,1,2,2-Tetrachloroethane | Inh Int-0.4ppm, Oral Int-0.6mg/kg/day

Vinyl Chloride Inh Acute-0.5ppm, Int-0.3ppm, Oral Chr-0.003 mg/kg/day
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Table 5. ATSDR Minimal Risk Levels (MRLs) December 2004 (Continued)

Analyte ATSDR Minimal Risk Levels (MRLs) December 2004

Benzyl Chloride

4-Ethyl toluene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

1,3-Dichlorobenzene Oral Acute-0.4mg/kg/day, Int-0.03mg/kg/day

1,4-Dichlorobenzene Inh_Acute-2ppm, Int.-0.1ppm, Chr-0.02ppm, Oral Int-0.07mg/kg/day

1,2-Dichlorobenzene Oral Acute-0.8mg/kg/day, Int-0.4mg/kg/day, Chr.-0.4mg/kg/day

1,2,4-Trichlorobenzene

Hexachlorobutadiene Oral Int-0.0002mg/kg/day

Methyl t-Butyl Ether Inh Acute-2ppm, Int-0.7ppm, Chr-0.7ppm, Oral Acute-0.4mg/kg/day, Int-0.3mg/kg/day
E. Elemental and Organic Carbon Results

A total of 16 personal and area samples for elemental and organic carbon were collected.
During the Martin Luther King weekend on January 15, 16, and 17, 2005, five personal
samples and one area sample were collected at the West Entrance kiosks and one area
sample was collected at the Madison Warming Hut. Two personal samples were collected
at the Mammoth Maintenance Shop on February 7, 2005. Four personal samples and two
area samples were collected at the West Entrance kiosks, and one area sample was
collected at the Madison Warming Hut during President’s Day weekend on February 19,
20, and 21, 2005. Samples were analyzed for elemental and organic carbon using evolved
gas analysis (EGA) by thermal-optical analyzer. There are currently no PELs, TLVs, or
RELs for elemental or organic carbon. All samples were well below TLVs proposed by
ACGIH in 1996 and 2001 (see Appendix C Table 1C).

F. Oxides of Nitrogen Results

A total of eight area samples were collected for nitrogen dioxide and nitric oxide. During
the Martin Luther King weekend on January 15, 16, and 17, 2005, three area samples
were collected at the West Entrance kiosks and one area sample was collected at the
Madison Warming Hut. One area sample was collected at the Mammoth Maintenance
Shop on February 7, 2005. Three area samples were collected at the West Entrance
kiosks during President’s Day weekend on February 19, 20, and 21, 2005. Samples were
analyzed using visible absorption spectrophotometry for nitric oxide (NO) and nitrogen
dioxide (NO,). All samples were below established occupational exposure limits for NO
and NO; (see Appendix C Table 1D). ATSDR does not have an MRL for these
compounds. Sample 220N2, collected at kiosk A on February 20, 2005, showed a time
weighted average (TWA) NO; concentration of 0.97 ppm. This level approached the
NIOSH short term exposure limit of 1.0 ppm.
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NO, was also measured using an Industrial Scientific iTX® Multi-Gas Monitor™. The
results of the NO, direct reading monitoring are shown in Table 6. These results were
below applicable occupational exposure limits.

Table 6. Real Time Nitrogen Dioxide Concentrations

Date Location Start Stop NO, Avg | NO,8 Hour NO, Peak (STEL)
(Ppm) TWA

1/15/2005 | Kiosk A | 8:19 AM 1:03 PM 0.00 0.00 0.1 ppm @ 9:55 AM
1/16/2005 | Kiosk A | 7:39 AM | 12:57PM 0.16 0.11 0.2 ppm @ 10:03 AM
1/17/2005 | MWH' 8:20 AM | 11:24 AM 0.00 0.00 0.0ppm @ 11:13 AM
2/07/2005 MMS® 8:04 AM | 11:22 AM 0.00 0.00 0.0 ppm @ 8:04 AM
2/19/2005 | Kiosk A | 7:36 AM | 12:50 PM 0.00 0.00 0.0 ppm @ 7:36 AM
2/20/2005 | Kiosk A | 6:54 AM | 2:03PM 0.00 0.00 0.0 ppm @ 1:58 PM
2/21/2005 | Kiosk A | 7:23 AM | 12:35PM 0.19 0.13 0.2 ppm @ 10:47 AM

'Madison Warming Hut; “Mammoth Maintenance Shop
G. Carbon Monoxide Results

Carbon monoxide (CO) was measured using an Industrial Scientific iTX® Multi-Gas
Monitor™. The results of the CO monitoring are shown in Table 7. The OSHA PEL for
CO is 50 ppm and the ACGIH TLV is 25 ppm. The NIOSH REL for CO is 35 ppm with
a 200 ppm ceiling. None of the CO levels observed in this study exceeded the
established occupational exposure limits.

Table 7. Real Time Carbon Monoxide Concentrations

Date Location Start Stop CO Avg | CO 8Hour CO Peak (STEL)
(ppm) TWA

1/15/2005 | Kiosk A | 8:19 AM 1:03 PM 0.57 0.34 6.5 ppm @ 9:40 AM
1/16/2005 | Kiosk A | 7:39 AM | 12:57PM 0.72 0.48 8.9 ppm @ 9:36 AM
1/17/2005 | MWH' 8:20 AM | 11:24 AM 0.00 0.00 0.0 ppm @ 8:20 AM
2/07/2005 MMS* 8:04 AM | 11:22 AM 0.29 0.12 3.5ppm @ 11:22 AM
2/19/2005 | Kiosk A | 7:36 AM | 12:50 PM 2.12 1.39 14.0 ppm @ 9:19 AM
2/19/2005 | Kiosk B 8:10 AM | 12:32PM 0.00 0.00 0.00 ppm @ 8:10 AM
2/20/2005 | Kiosk A | 6:54 AM | 2:03 PM 1.73 1.55 33.6 ppm @ 9:05 AM

2/20/05 PR’ 8:17AM | 3:46 PM 3.74 3.33 22.2 ppm @ 9:55 AM
2/21/2005 | Kiosk A | 7:23 AM | 12:35PM 0.58 0.38 8.0 ppm @ 9:38 AM

'Personal Sample on Park Ranger
?Personal Sample on Park Ranger

H. Respirable Particulate Matter Results

A total of 13 integrated samples for respirable particulate (PM4) were collected. During
the Martin Luther King weekend on January 15, 16, and 17, 2005, two personal samples
and four area samples were collected at the West Entrance kiosks. One personal and one
area sample were collected at the Mammoth Maintenance Shop on February 7, 2005.
Three personal samples and two area samples were collected at the West Entrance kiosks
during President’s Day weekend on February 19, 20, and 21, 2005. Samples were
analyzed by gravimetric analysis and all results were below the limit of detection for the
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analytical method, and thus were below established occupational exposure limits (see
Appendix C Table 1E).

Samples for respirable particulate were also collected using real time aerosol monitors
and these results are outlined below.

1. Particle Count Data

A TSI® P-Trak was used to measure particle number concentration in kiosk A at the West
Entrance and at the Madison Warming Hut. In kiosk A, the instrument was located on the
north side bench on January 15 and 16, 2005. The data results are shown in Table 8 and
Figure 2. Particle counts peaked during the morning hours and correlated with
snowmobile traffic through the West Entrance. Average particle counts were higher in
kiosk A on January 16. This day was considerably warmer than January 15, and it was
observed that the kiosk window was left open for longer periods of time on January 16.

Table 8. P-Trak particle count data in the West Entrance Kiosk A

Date Start Stop Ave. Conc. Min Time of | Max | Time of
Time Time (pt./cc) (pt./cc) Min (pt./cc) Max
1-15-05 | 8:15:24 | 13:10:24 8056 1478 8:53:24 | 79622 | 10:25:24
1-16-05 | 7:57:45 | 13:07:45 10515 734 12:55:45 | 66051 | 9:22:45
West Entrance Kiosk A —1/15/2005
Particle Count Data —1/16/2005
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Figure 2. Graph of particle counts with time in kiosk A at the West Entrance

The same instrument was used to measure particle number concentration in Madison
Warming Hut on January 17, 2005. The instrument was located on the bench opposite the
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vending machine. The peak particle level occurred in the morning hours at 9:22 AM. The
data are shown in Table 9 and Figure 3.

Table 9. P-Trac particle count data in the Madison Warming Hut

Date Start Stop Ave. Conc. Min Time of | Max | Time of
Time Time (pt./cc) (pt./cc) Min (pt./cc) Max
1-17-05 | 7:57:45 | 13:07:55 10515 734 12:55:45 | 66051 | 09:22:45
Madls_on Warming Hut ‘ 11712005 ‘
Particle Count Data
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Figure 3. Graph of particle counts with time in the Madison Warming Hut
2. Particle Mass Concentration Data

A Thermo-Electron® (MIE) DataRAM™ was used to obtain real time particle mass
concentration data. Previous studies have shown that PM, 5 measurements from real time
instruments are well correlated and highly predictive of measurements from the
gravimetric sampling method for aerosols in workplace environments’. Real time PM, s
samples were collected in kiosk A at the West Entrance on January 15™ and February
19th, 20th, and 21*, 2005. PM, s samples were also collected in the Madison Warming
Hut on January 17", 2005, and in the Mammoth Maintenance Shop on February 7",
2005. Real time PM;(, measurements were collected in kiosk A at the West Entrance on
January 16", 2005. The results of the real time particle concentration sampling are shown
in Table 10. The data are represented graphically in Figures 4 through 10.

As can be seen in Figures 4, 5, and 8, the highest ambient particle concentrations
monitored at the entrance station kiosks appear to correspond with the periods of peak
snowmobile and snow coach traffic entering the park (midmorning). The same appears
to be true for the ambient particle concentrations measured at the Madison Warming Hut
on 2/19/05, with peak concentrations occurring during periods when many snowmobile
and snow coach riders frequent the facility. It is important to note that on February 20"
and 21%, 2005 ambient PM; s particle concentrations were consistently lower at the

20



entrance kiosks. During these days it was observed that the snowmobile guides were
stopping their vehicles approximately 20 to 30 feet in front of the kiosk window and
walking to the window with their paperwork. As is shown in Figure 10, the highest
ambient PM, s particle concentrations measured during this study were observed in the
Mammoth Maintenance Shop. While local exhaust is employed to control particle
emissions from running diesel engines in the shop, this finding is expected given the
lower dilution factor present in an enclosed building. In terms of occupational exposure,
no particle size selective exposure limits exist to exclusively evaluate PM;o and PM;s. In
terms of public health, while the real time monitors employed in this study are not EPA
reference sampling methods, all average concentrations are well below the EPA’s 24-
hour National Ambient Air Quality Standards for these agents.

Table 10. Real time particle mass concentration data

Date Location Cut Start Stop Avg. Conc Max Time of
Point Time | Time (ug/m® | (ug/m3) | Max
1/15/2005 | Kiosk A PM, s 8:15 13:13 3.6 15.9 10:29
1/16/2005 | Kiosk A PMyo 7:42 13:21 5.2 20.3 9:19
1/17/2005 | Warming Hut PM, 5 8:24 11:24 9.9 55.6 9:05
Mammoth Maint.

2/7/2005 | Shop PM,s 8.08 11:13 27.8 77.6 10:12
2/19/2005 | Kiosk A PM,s 6:56 12:59 4.1 17.4 8:37
2/20/2005 | Kiosk A PM,s 6:47 13:15 1.4 134 13:13
2/21/2005 | Kiosk A PM, s 7:10 12:34 1.1 13.8 11.51

West Entrance Kiosk A PM 2.5
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Figure 4. Real time PM s particle concentrations -West Entrance Kiosk A (1/15/05)
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Figure 5. Real time PM particle concentrations - West Entrance Kiosk A (1/16/05)
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Figure 6. Real time PM;s particle concentrations - Madison Warming Hut (1/17/05)
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Figure 7. Real time PM s particle concentrations -West Entrance Kiosk A (2/19/05)
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Figure 8. Real time PM; s particle concentrations - West Entrance Kiosk A (2/20/05)
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Figure 9. Real time PM;5 particle concentrations -West Entrance Kiosk A (2/21/05)
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Figure 10. Real time PM particle concentrations - Mammoth Maint Shop (2/07/05)



I Noise Results

Summarized in Table 10 are the results of personal dosimetry performed during this
project. As can be seen from the results, the noise exposures received by employees
monitoring snowmobile and snow coach traffic as it enters the Park and employees
working in the Mammoth Maintenance Shop are well below both the OSHA Engineering
Standard for noise exposure (90 dBA 8-hr TWA) and the OSHA Hearing Conservation
Amendment (85 dBA 8-hr TWA). It should be noted that the investigators performing
this study observed the use of hearing protection by all employees operating
snowmobiles. The personal dosimetry results in Table 11 do not reflect employees
wearing earplugs. Earplugs offer different levels of protection; each is specific to the
manufacturer’s recommendations. According to the National Park Service, the majority
of the hearing protection worn in the park has a noise reduction rating (NRR) of 29
decibels. Using the OSHA recommended method for reducing noise levels using hearing
protection — (NRR — 7) + 2, would give a noise reduction of 11 decibels.

Table 11. Personal Noise Dosimetry Results

8-hr TWA | 8-hr% | 8-hr TWA | 8-hr%
Date Location dBA)" | Dose” | (dBA)’ | Dose’
1/15/05 75 12.5 67 4
1/16/05 . 57 1 38 <1
2/19/05 Wesfg;fg:;fmk 56 1 37 <1
2/20/05 55 1 35 <]
2/21/05 60 2 41 <1
1/16/05 Snowmobile Rider 1¢ 85 50 83 38
1/16/05 Snowmobile Rider 2 € 85 50 83 38
1/17/05 Snowmobile Rider 1€ 90 100 89 87
1/17/05 Snowmobile Rider 2 © 91 115 86 57
2/21/05 Snowmobile Rider 1° 79 22 61 2
2/21/05 Snowmobile Rider 2 ° 83 38 N/AE N/AE
2/7/05 Maint. Shop Helper 1 68 5 66 4
2/7/05 Maint. Shop Helper 2 71 7 70 7

Dosimeter settings set to evaluate compliance with the OSHA Hearing Conservation Amendment
(threshold = 80dB; Exchange Rate = 5 dB; Criterion Level = 90 dB; Time Constant = slow)

BDosimeter Settings set to evaluate compliance with the OSHA Engineering Standard (threshold = 90dB;
Exchange Rate = 5 dB; Criterion Level = 90 dB; Time Constant = slow)

“BAT 2003 Polaris Frontier Touring Snowmobile

PBAT 2004 Arctic Cat T660 Touring Snowmobile

"No Data Collected
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V. Comparison of the Current Study with Previous Air Quality Studies
A. Previous Air Quality Studies

Numerous ambient and occupational air quality studies have been conducted at
Yellowstone National Park. Some of these studies have indicated that standards may have
been exceeded at Yellowstone National Park, particularly on those days with peak
snowmobile traffic, and that the accumulation of a large number of snowmobiles in a
small area can result in short-term exposures to very high levels of CO, PM, and HC
(including toxic organics).”

Radtke® conducted personal exposure measurements for carbon monoxide and noise at
the West Entrance to Yellowstone National Park. This study concluded that carbon
monoxide and noise did not appear to be a significant hazard for employees at the West
Entrance but other contaminants in the exhaust emissions should be investigated and
noise exposures during snowmobile mobile patrols need to be evaluated.

A 2000 OSHA study* conducted personal and area sampling for benzene, gasoline,
formaldehyde, carbon monoxide, diesel exhaust, welding fume, and noise. The study
concluded that exposures were below OSHA PELs and ACGIH TLVs, but exposure of
one West Entrance employee to benzene, formaldehyde, carbon monoxide, and noise
exceeded NIOSH RELs. This study also found that a West District Patrol Ranger was
overexposed to noise at a level of 93 decibels.

A 1999 study’ in Yellowstone National Park included both fixed-site and personal
exposure monitoring for particulate matter (PM), carbon monoxide, and volatile organic
compounds (VOCs). The maximum time-weighted concentration of PM2.5 at the West
Entrance on a busy President’s day weekend (i.e., February 13 and February 14, 1999)
was 78 ug/m’ based on 4-hour morning and afternoon samples. Morning 4-hour
concentrations for February 13 and 14 were 116 and 112 ug/m’, respectively. The
morning concentration (nominally 8:30 a.m. to 12:30 p.m.) represented approximately
80% of the exposure and coincides with the time that approximately 90% of the
snowmobiles entered the park on those days. Personal exposure measurements of PM less
than 4.0 microns in size (PMy) were conducted on park employees in a variety of job
categories. Results indicated exposure varied by job category, with a snowmobile
mechanic having the greatest PMy ¢ exposure, followed by employees who worked the
West Entrance station, and then snowmobile patrol rangers. West Entrance station
employees who worked in the express lane (with more snowmobiles) had double the PM
exposure of those who worked in the regular lanes. PM4 o concentrations were measured
at levels up to 160 ug/m’.

The 1999 study’ also found that West Entrance station employees had the greatest VOC
exposure, followed by snowmobile patrol rangers, followed by a snowmobile mechanic.
Of the VOCs measured, toluene had the highest relative concentration and benzene
exposure for some employees could approach the RELSs as established by NIOSH. The
study supported “the hypothesis that Park employees and the surrounding environment
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are exposed to high levels of many toxic pollutants as a result of snowmobile use within
the Park”. At the time of the 1999 study’, commercial four-stroke snowmobiles did not
exist and only snowmobiles powered by 2-stoke engines were being used in Yellowstone
National Park.

A 2004 study® evaluated occupational exposures to aldehydes, VOCs, respirable
particulate, carbon monoxide, and noise. The majority of the monitoring was conducted
at the West Entrance kiosks, with some monitoring performed at the Madison Warming
Hut, the Mammoth Mechanic Shop, and the Old Faithful Ranger Station. This study
concluded that concentrations of all airborne contaminants were well below current
standards and recommended exposure limits. However, aldehydes were detected in four
samples, benzene was detected in three samples, xylene was detected in two samples, and
toluene was detected in several samples. The highest toluene exposure of 66 ppm was
measured on a personal sample taken at the West Entrance kiosk B. The greatest 8 hour
PM, o exposure was 0.6 mg/rn3 at the West Entrance kiosk A. Noise exposure for all
kiosk attendants and other Park personnel not riding snowmobiles were all well below
current standards. This study stated that noise exposures to park rangers and other
personnel operating snowmobiles would likely exceed current exposure standards if the
duration of snowmobile operation were to exceed approximately four hours per day.

B. Findings of Current Study

Air quality studies at Yellowstone National Park have shown a direct relationship
between the number of snowmobiles entering the park and the magnitude of their
emissions. In 2005, all recreational snowmobiles met the BAT requirements, and all
were commercially guided. The vast majority of NPS-owned administrative
snowmobiles were also BAT. It has also been observed that meteorology also plays an
important role in that cold, stable atmospheric conditions with low wind speeds hinder
the dispersion of air pollutants and allow them to accumulate in the immediate area of
their release. Prior to the establishment of an express lane in late 1995 at Yellowstone’s
West Entrance station, all snowmobiles entering the park were required to stop at one of
the entrance station kiosks to pay entrance fees and receive information about the park.
This resulted in long lines of snowmobiles and the accumulation of snowmobile
emissions over a relatively small area leading to high levels of CO near the kiosks,
particularly on days with poor dispersion conditions.”

The results of the current study indicate that occupational exposures to airborne
contaminants are significantly less than exposures measured in previous studies. During
the current study period in January 2005, a total of 414 snowmobiles and 52 snow
coaches entered through the West Entrance during the Martin Luther King three-day
weekend on January 15, 16, and 17. For the same holiday weekend in 1999°, just fewer
than 1,800 snowmobiles entered through the West Entrance. During the current study
period in February 2005, a total of 670 snowmobiles and 63 snow coaches entered
through the West Entrance compared to over 2000 snowmobiles entering on the same
dates during the 1999 study.” During the current study, there were no long lines of
snowmobiles waiting to pass through the West Entrance. Groups of snowmobiles ranging
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from one machine to approximately 15 machines would approach the West Entrance at
various times staggered throughout the morning hours. Many, but not all, snowmobile
guides and snow coach drivers would shut off their vehicles when they reached the kiosk
window. As mentioned previously in this report, during the February monitoring
activities, it was observed that many of the snowmobile guides would stop their machines
20 feet before the kiosks and walk to the window. This practice appeared to reduce the
airborne emission exposure to kiosk attendants.

As stated previously, an attempt was made to obtain worst case sampling data. Due to the
absence of inversions noted during the monitoring dates of the current study, worst-case
data were not collected. High temperatures ranged from 26, 28, and 29 degrees
Fahrenheit (°F) on January 15, 16, and 17 respectively. Low temperatures ranged from -
23,-8,and 15 F on January 15, 16, and 17 respectively. Winds were calm on all three
days and January 16 was the only day which received precipitation (0.028 inches of
moisture, 4 inches of snow). On February 19, 20, and 21, high temperatures ranged from
35, 31, and 25 degrees (°F) respectively. Low temperatures ranged from 4, 1, and -1 °F
on February 19, 20, and 21 respectively. Winds were approximately 7 miles per hour
(MPH) on February 19, 10 MPH on February 20, and calm on February 21.

PM4  sampling during the current study was performed according to the same methods as
those during the 1999 and 2004 studies™ °. In these previous studies, maximum 8-hour
PM4 o TWA concentrations were measured 0.16 mg/m3 and 0.6 mg/m3 at the West
Entrance kiosks respectively. All eleven PMy o samples collected at the West Entrance
kiosks during the current study showed concentrations below the limit of detection for the
analytical method. Five of these samples were personal samples and represent employee
exposure when they were either in the kiosks, out checking the snowmobiles, or in the
office. The PM; s measurement methods and sampling locations differed between the
current study and the 1999 study,” and are not directly comparable. However, both the
eight hour average PM s concentrations and peak PM, s concentrations in the West
Entrance kiosks were significantly lower in the current study. Additionally, a review of
the PM; s monitoring data from the Yellowstone National Park West Entrance ambient air
monitoring station for February 19, 20, and 21, 2005, showed a maximum concentration
of 7.0 ug/m”.

The results of the current study are similar to the 2004 study® in that exposures to
aldehydes, BETX, VOCs, and PM4 concentrations were well below current occupational
standards and recommended exposure limits. However, in the current study, all integrated
samples for aldehydes, specific BETX compounds, and PMyy concentrations were less
than the limit of detection. The 2004 study® found detectable levels of aldehydes, PM.
concentrations, and specific BETX compounds, including an exposure to toluene of 66
ppm at the West Entrance kiosk B.

In the current study, VOCs were detected in the parts per billion range, and all reported
analytical concentrations were changed to parts per million in Table 3, and each of the
levels were below the Minimal Risk Levels (MRLs). The 1999 study” reported that the
average maximum exposure to benzene for the West Entrance employees was 0.09 ppm,
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and the median benzene exposure to this same group of workers was 0.059 ppm. The
study also stated that benzene exposure for some employees could approach the RELs as
established by NIOSH, and that MRLs for benzene were exceeded by five employees at
the West Entrance, one mobile patrol employee, and the mechanic. The methods of
sampling for VOCs in the current study were different from those performed during the
1999 study.’ In the current study, active sampling was employed using sorbent tubes for
personal sampling and mini-canisters equipped with pressure regulators for area sampling
and all sampling results were integrated over an 8-hour work shift. In the 1999 study”,
passive vapor badges were used to perform personal sampling and Tedlar bags were used
to evaluate area sampling peak (15 minute) exposures. The limit of detection for the
passive vapor badge sampling was not given in the report, but it is assumed to be similar
to the limits of detection for the solid sorbent tubes used in the current study. The mini-
canisters used in the current study and the Tedlar bags used in the 1999 study’ both
employed analytical method TO-15.

The results of carbon monoxide and noise exposure received by Park Service Personnel
were similar to those found in previous studies. The only noise concern relates to the
riders of snowmobiles whose 8-hour TWAs exceeded the OSHA Hearing Conservation
Amendment and approached the OSHA Engineering Standard.

Retrofitting the air intake system at the kiosks appeared to significantly reduce employee
exposure. This retrofitting took place in 2003 and consisted of extending the air intake
from behind the office building at a distance of approximately 115 feet and performing
preventive maintenance on the system. Thus, properly ventilated entrance station booths
are an important consideration in protecting employee health. Air is supplied to the
kiosks through a 24 inch duct with the intake 115 feet from the entrance station. Refer to
Appendix F, figures 2 and 3 for pictures and a brief description of the kiosks at the West
Entrance. During the February monitoring schedule, a ventilation survey was performed
in kiosks A and B at the West Entrance. The survey showed that both kiosks are under
strong positive pressure. At the time of the survey, both kiosks were achieving slightly
over one air exchange per minute with the window opened 30 inches.

VI.  Risk Assessment
A. Occupational Exposure

Vehicle exhaust, including that from snowmobiles, contains numerous toxic compounds.
The focus of the current study was to evaluate occupational exposure to toxic air
pollutants and noise emitted by snowmobiles operating in Yellowstone National Park.
The sampling strategies employed were designed to assess occupational exposures
through a combination of personal and area sampling. Our sampling strategy was not
designed to specifically address non-occupational exposures to toxic air pollutants and
noise emitted by snowmobiles.

The results of the current study suggest that occupational exposures to all contaminants,
with the exception of noise, are well below current standards and recommended

29



occupational exposure limits. These monitoring results also indicate that levels of
individual pollutants, including carcinogens such as benzene, resulting from the
combustion of 4-stroke snowmobile engines, appear to be less than Minimal Risk Levels
(MRLs) established by ATSDR. An MRL is an estimate of the daily human exposure to a
hazardous substance that is likely to be without appreciable risk of adverse non-cancer
health effects over a specified duration of exposure. These substance specific estimates,
which are intended to serve as screening levels, are used by ATSDR health assessors and
other responders to identify contaminants and potential health effects that may be of
concern at hazardous waste sites. MRLs are based on either acute (1 to 14 days),
intermediate (15 to 365 days), or chronic (365 days or more) exposure duration.

The average benzene concentration based on the current study’s mini-canister samples
was 0.0013 ppm, (4.0 ug/m’). A Park employee exposed to 4.0 ug/m’ benzene for a 20-
year employment period would be exposed to approximately 44,200 ug of benzene (4.0
ug/m’ x 10 m’/day x 65 days/year x 20 years). Under this scenario, the average daily
mass of benzene attributable to snowmobile emissions for an employee who is exposed
for 20 years of a 70 year total life would be 44,200 ug / (365 days/year x 70 years) = 1.7
ug/day.

For perspective purposes, for a 70 year lifetime of exposure to benzene at 1 ug/m’, the
unit risk is approximately 2 to 8 per million (2 to 8 x 10%.* For non-occupational
exposure to benzene at an average concentration of 1.0 ug/m’ and a breathing volume of
20 m’/day, the total amount of benzene mass inhaled per day would be 20 ug (1.0 ug/m’
x 20 m*/day). In the sample calculation above, and assuming working 65 working days
per year, and a working lifetime of 20 years, a winter season exposure to an average
benzene concentration of 4 ug/m’ would result in a risk approximately 0.1 times the unit
risk [(2.0 ug/day)/(20 ug/day)].

There are many uncertainties associated with risk assessment. The exposure assessment
in the current study involved a limited time period. Although this time period was
thought to represent worst-case exposures, it cannot be construed to represent all possible
exposure scenarios to snowmobile emissions and/or other toxic contaminants that Park
employees may encounter at work or during non-occupational activities. The current
study focused on winter use exposure conditions for a small number of Park employees..
Worker exposure to gasoline and diesel powered vehicle emissions during other seasons
of the year could increase cancer and non-cancer risks. The current study focused on
integrated shift exposure and did not evaluate short-term peak exposures for the
gaseous/vapor contaminants. EPA cancer risk estimates are based on a lifetime or
prolonged exposure. Exposure to high concentrations for short time periods presents
uncertainties in assessing risk. Studies have indicated that short-term exposures at higher
doses may increase cancer risk beyond that of an equivalent dose administered over a
longer period of time.> '

This exposure assessment was conducted for a limited number of toxic contaminants. In

addition, there is limited data available to estimate the risk of adverse health effects from
exposures to chemical mixtures. While it is recognized that the effect most commonly
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observed when two chemicals are administered together is additive; synergistic,
potentiation, and antagonistic effects may also arise from the cumulative, simultaneous
exposure to various air pollutants.®'' Therefore, it is important that employee and public
exposure to exhaust gases and vapors be minimized.

B. Public Exposure

The sampling strategy in the current study was not designed to specifically address non-
occupational exposures to toxic air pollutants and noise emitted by snowmobiles.
Consequently, it is not possible to directly apply the results of this study to public
exposure.

The level of exposure experienced by workers or the general population is a function of
the environment, the receptors, and any resulting interactions between the two.
Environmental factors that must be considered include the sources of the chemicals and
the nature of the exposure. If it is indirect exposure, then the pathways for transfer and
the impact of environmental conditions on that transfer must be considered. Wide
variations in concentration and receptor characteristics may exist, even within a single
scenario. In occupational settings contaminant concentrations are characterized as the
highest concentration (8-hour time-weighted average or ceiling level). The approach in
environmental risk assessment is to develop an estimate of the high-end concentration
(e.g., upper 95% confidence level) and the mean concentration.

Occupational exposure limits such as PELs, TLVs and RELs are generally set for
“healthy workers.” In most cases, they do not take into account the variable
susceptibility of individual employees with preexisting health problems or genetic risk
factors. The public health based values of ATSDR and EPA are generally much lower
than the occupational exposure limits. This arises from a variety of considerations,
including the potential for exposure to vulnerable populations, such as the sick, the
elderly and the very young. In addition, environmental exposure limits consider a
continuous or 24 hour a day exposure. There is a general attitude that risk rates for the
public sllzlould be considerably lower than risk rates acceptable in an occupational
setting.

The level of exposure to a chemical will be influenced by the characteristics of the
receptors, such as activities, age, size, etc. Occupational exposure to a chemical may be
higher than casual recreational exposure to the same chemical in the environment.
Occupational exposures are generally higher than environmental exposures because of
the activities performed by workers and their proximity to the source. As described
above, occupational exposure limits are usually much higher than the public health based
values because workers are considered to be healthier than the general population and
their exposures are assumed to be limited to the shift duration. Additionally, it is
assumed that workplace exposures will be reduced through the use of engineering,
administrative, and personal protective equipment controls.

In the views of the authors, public exposure to snowmobile and snowcoach emissions in
Yellowstone National Park consist of the following:
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e People that ride snowmobiles under the supervision of a guide.

e People riding in snowcoaches.

e Cross-country skiers or people on snow shoes who enter the park by the
above two methods or on their own.

National Park Service Employees, snowmobile guides, snowcoach drivers, and
contractors are not considered by these authors as being in a public exposure category.
These employees would have exposure to snowmobile and snowcoach emissions for a
significant greater number of days per season than the general public.

In the current study, VOCs were detected in the parts per billion concentration range.
Samples collected in the West Entrance kiosks and personal samples on Park rangers
operating snow machines showed reported analytical concentrations below the Minimal
Risk Levels (MRLs). If the current study results are truly representative of worker
exposure to VOCs from snowmobile emissions during winter use activities, it is
reasonable to assume that public exposure to snowmobile emissions will be less than
established MRLs. As noted above, peak exposures to VOCs were not evaluated. Peak
exposures to snowmobile emissions will most likely occur to workers and the public and
the effect of these peak exposures on health risks is unknown.

VII. Conclusions and recommendations

A. Worker exposure to toxic air contaminants were below established
occupational standards and established recommended exposure limits.

B. Worker exposure to toxic air contaminants were less than Minimal Risk
Levels (MRLs) established by ASDTR.

C. The results of the current study indicate that occupational exposures to
airborne contaminants are less than exposures measured in previous studies.
The reduction in exposure levels mostly likely results from the use of 4-stroke
snowmobiles and the reduction in the number of snowmobiles entering the
Park. The numbers of snowmobiles entering the West Entrance at the times of
study were less the allowable limit. An increase in snowmobile traffic to the
allowable limit may increase exposures.

D. Noise exposures received by employees monitoring snowmobile and snow
coach traffic as it enters the Park and employees working in the Mammoth
Maintenance Shop are below both the OSHA Engineering Standard for noise
exposure (90 dBA 8-hr TWA) and the OSHA Hearing Conservation
Amendment (85 dBA 8-hr TWA).

E. In all but two samples, the 8-hour projected TWA results of employees riding
snowmobiles exceeded the OSHA Hearing Conservation Amendment and for
the same samples approached the OSHA Engineering Standard. Park Service
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employees operating snowmobiles would likely exceed the OSHA
engineering standard and the OSHA Hearing Conservation Amendment if the
duration of snowmobile operation were to exceed approximately 7 hours and
4'% hours, respectively.

Personal exposure monitoring of Park employees for snowmobile emissions
should be expanded in both time and job classes to obtain a more
representative distribution of exposures.

. Future research should consider the bioassay of human samples such as blood
and/or urine for xenobiotics or metabolites of selected xenobiotics. This
would provide information on the employees’ body burden of selected
contaminants for correlation with airborne exposure data.

. Personal exposure monitoring for gasoline and diesel emission contaminants
should be conducted on Park personnel during the summer months. Sampling
should include analysis for size-selective particulate matter, elemental carbon,
particulate organic carbons, and selected vapor phase VOCs such as
oxygenated polynuclear aromatic hydrocarbons.
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Occupational Safety and Health Administration (OSHA)

Health standards are promulgated under the OSHAct by the Department of Labor with
technical advice from NIOSH. OSHA'’s limits are called Permissible Exposure Limits
(PELs). OSHA'’s PELs are expressed as a time-weighted average and are defined as the
consentration of a substance to which most workers can be exposed without adverse
effect averaged over a normal 8-hour workday or a 40-hour workweek.

www.epa.gov/ttn/atw/hlthet/hapglossaryrev.html

OSHA sets PELs to protect workers against the health effects of exposure to hazardous
substances. PELs are regulatory limits on the amount or concentration of a substance in
the air. They may also contain a skin designation. PELs are enforceable.

http://www.osha.gov/SLTC/pel/
National Institute for Occupational Safety and Health (NIOSH)

The NIOSH recommended exposure limits (RELs) are time-weighted average (TWA)
concentrations for up to a 10-hour workday during a 40-hour workweek. A short-term
exposure limit (STEL) is designated by “ST” preceding the value; unless noted
otherwise, the STEL is a 15-minute TWA exposure that should not be exceeded at any
time during a workday. A ceiling REL is designated by “C” preceding the value; unless
noted otherwise, the ceiling value should not be exceeded at any time. Any substance
that NIOSH considers to be a potential occupational carcinogen is designated by the
notation “Ca”.

(Fundamentals of Industrial Hygiene 3™ Ed.)

American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold Limit Values

Threshold Limit Values refer to airborne concentrations of substances, and it is believed
represent conditions under which nearly all workers may be repeatedly exposed, day after
day, without adverse effect. Control of the work environment is based on the assumption
that for each substance there is some safe or tolerable level of exposure below which no
significant adverse effect occurs. These tolerable levels are called Threshold Limit
Values. The copyrighted trademark, “Threshold Limit Value” refers to limits published
by the American Conference of Governmental Industrial Hygienists (ACGIH). The
TLVs are reviewed and updated annually to reflect the most current information on the
effects of each substance assigned a TLV.

Three categories of Threshold Limit Values are specified as follows:
Time-Weighted Average (TLV-TWA). The is the time-weighted average

concentration for a normal 8-hour workday or 40-hour workweek, to which nearly all
workers may be repeatedly exposed, day after day, without adverse effect.
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Short-Term Exposure Limit (TLV-STEL). This is the maximal concentration
to which workers can be exposed for a period of up to 15 minutes continuously without
suffering from any of the following:

1. TIrritation

2. Chronic or irreversible tissue change

3. Narcosis of sufficient degree to increase the likelihood f accidental injury,

impair self-rescue, or materially reduce work efficiency.

A STEL is a 15-minute TWA exposure that should not be exceeded at any time during a
workday, even if the 8-hour TWA is within the TLV. Exposures at the STEL should not
be longer than 15 minutes and should not be repeated more than four times daily. There
should be at least 60 minutes between successive exposures at the STEL.

The TLV-STEL is not a separate, independent exposure limit; it supplements the TWA
limit when there are recognized acute effects from a substance that has primarily chronic
effects. The STELs are recommended only when toxic effects in humans or animals have
been reported from high short-term exposures.

Ceiling (TLV-C). This is the concentration that should not be exceeded during
any part of the working exposure. To assess a TLV-C, the conventional industrial
hygiene practice is to sample during a 15-minute period, except for those substances that
can cause immediate irritation with exceedingly short exposures.

For some substances, irritant gases for example, only one category, the TLV-C, may be
relevant. For other substances, two or three categories may be relevant, depending on
their physiological action. If any one of these three TLVs is exceeded, a potential hazard
from that substance is presumed to exist.

The amount by which threshold limits can be exceeded for short periods without injury to
health depends on many factors, such as the nature of the contaminant, whether very high
concentrations, even for a short period, produce acute poisoning, whether the effects are
cumulative, the frequency with which high concentrations occur, an the duration of such
periods. All factors must be considered when deciding whether a hazardous condition
exists.

(Fundamentals of Industrial Hygiene 3™ Ed.)

ATSDR

An MRL is an estimate of the daily human exposure to a hazardous substance that is
likely to be without appreciable risk of adverse noncancer health effects over a specified
duration of exposure. These substance specific estimates, which are intended to serve as
screening levels, are used by ATSDR health assessors and other responders to identify
contaminants and potential health effects that may be of concern at hazardous waste sites.
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The toxicological profiles include an examination, summary, and interpretation of
available toxicological information and epidemiologic evaluations of a hazardous
substance. During the development of toxicological profiles, MRLs are derived when
ATSDR determines that reliable and sufficient data exist to identify the target organ(s) of
effect or the most sensitive health effect(s) for a specific duration for a given route of
exposure to the substance. MRLs are based on noncancer health effects only and are not
on a consideration of cancer effects. Inhalation MRLs are exposure concentrations
expressed in units of parts per million (ppm) for gases and volatiles, or milligrams per
cubic meter (mg/m3) for particles. Oral MRLs are expressed as daily human doses in
units per kilogram per day (mg/kg/day). Radiation MRLs are expresses as external
exposures in units of millisieverts.

ATSDR uses the no observed adverse effect level/uncertainty factor (NOAEL/UF)
approach to derive MRLs for hazardous substances. They are set below levels that, based
on current information, might cause adverse health effects in the people most sensitive to
such substance induced effects. MRLs are derived for acute, intermediate, and chronic
exposure durations, and for the oral and inhalation routes of exposure. MRLs are
generally based on the most sensitive substance-induced end point considered to be of
relevance to humans. ATSDR does not use serious health effects (such as irreparable
damage to the liver or kidneys, or birth defects) as a basis for establishing MRLs.
Exposure to a level above the MRL does not mean that adverse health effects will occur.

MRLs are intended to serve as a screening tool to help public health professionals decide
where to look more closely. They may also be viewed as a mechanism to identify those
hazardous waste sites that are not expected to cause adverse health effects. Most MRLs
contain some degree of uncertainty because of the lack of precise toxicological
information on the people who might be most sensitive to effects of hazardous
substances. ATSDR uses a conservative approach to address these uncertainties
consistent with the public health principle of prevention.

Standards
OSHA

Occupational Noise Exposure — 29 CFR 1926.52
Permissible Exposure Limits — 29 CFR 1910.1000 Table Z-1, Z-2
General Industry
1910 Subpart Z Toxic and hazardous substances

1910.1017 Vinyl Chloride

1910.1028 Benzene

1910.1048 Formaldehyde

1910.1051 1, 3-Butadiene

1910.1052 Methylene Chloride
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NIOSH

2004 NIOSH Pocket Guide to Chemical Hazards
1998 Revised criteria — Occupational Noise Standard

ACGIH

2004 Threshold Limit Values for Chemical Substances in the Work Environment
Adopted Threshold Limit Values, pages 10-63

2004 Threshold Limit Values for Physical Agents in the Work Environment
Acoustic, Noise — pages 104 — 106

ATSDR

December 2004 Minimal Risk Levels (MRLs)
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ALDEHYDES, SCREENING 2539

Table 1 MW: Table 1 CAS: Table 1 RTECS: Table 1

METHOD: 2539, Issue 2 EVALUATION: PARTIAL Issue 1: 15 May 1989
Issue 2: 15 August1994

OSHA : Table 1 PROPERTIES: Table 1
NIOSH: Table 1
ACGIH: Table 1

COMPOUNDS: acetaldehyde; acrolein; butyraldehyde; crotonaldehyde; formaldehyde; furfural; hepta nal; hexanal;
isobutyradehyde; isovakraledhyde; propionaldehyde; valeraldehyde.
SYNONYMS: Table 1

SAMPLING MEASUREMENT
SAMPLER: SOLID SORBENT TUBE TECHNIQUE: GAS CHROMATOGRAPHY, FID &
(10% 2-(hydroxymethyl) piperiding o GCIMS
XAD-2, 120 mg/60 mg)
ANALYTE: oxazolidine prepared fom aldehyde
FLOW RATE: 0.01 to 0.05 L/min
DESORPTION: 1 mL toluene; 60 min ultrasonic
VOLUME: 5L
INJECTION
SHIPMENT: @ 25 °C or lower VOLUME: 1uL splitless; split vent time 30 sec
SAMPLE TEMPERATURE-INJECTION: 250 °C
STABILITY: at least 1 week @ 25 °C -DETECTOR: 280 °C
-COLUMN: 1 min @ 70 °C, 6 "C/min
FIELD BLANKS: 2 to 10 fied blanks per seat to 100 °C for 2 min;

30 "C/min to 260 °C
MEDIA BLANKS: & per set

CARRIER GAS: He, 0.5 mL/min; makeup flow, 29

ACCURACY mL/min

RANGE STUDIED: not studied COLUMN: L:a_pillary. 18 m x 0.32-mm, 1.0-pm film
6% cyanopropylkphenyl, DB-1301 or

BIAS: not determined equivalent

OVERALL PRECISION (§,,): not determined CALIBRATION: slandard solutions of aldehydes spiked
on sarbent

ACCURACY: not determined RANGE AND

PRECISION: not determined

ESTIMATED LOD: 2 pg aldehyde per sample

APPLICABILITY: This is a screening technique to determine the presence of aldehydes and should notbhe used for
quantitation. Further confrmation of aldehyde identificaton should be performed by gas chromalogmaphy! mass
spectrometry (See Table 2 for structural ion data). Methods for quantitation of some aldeh ydes listed in this method are
available n the NIOSH Manual of Analytical Methods (See OTHER METHODS). Allaldehydes teded have detecled by
this method in bulk field samples.

INTERFERENCES: High-bailing naphtha mixtures, such as kerosene and mineral spirts may have components with
retention imes similar to the oxazolidines and may be interfernces in the gas chromatographic analyss. A second
column (DB-5, DB-WAX ) may be neede d to separate some of the earlier C,-C, aldehydes from excess HMP reagent.

OTHER METHODS: This method incorporates sampling technology used in NIOSH methods 2501 (acrolein), 2541
(formaldehyde), 2529 (furfural), 2531 (glutaraldehyde)[1], and 2526 (valeraldehyde), and OSHA methods 68
(acetaldehyde) and 52 (acrokinformaldehyde) [2].

NIOSH Manual of Analyticd Methods (NMAM), Fourth Edition
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ALDEHYDES, SCREENING: METHOD 2539, Issue 2, dated 15 August 1994 - Page 2 of 10

REAGENTS:

1.
2.

Toluene, chrom atograp hic quality.
2-(Hydroxymethyl) piperidine. Recrystallize
several times from isooctane until there is
one major peak (>95% of area)by GC
analysis. Store in desiccator.

Amberlite XAD-2 (Rohm and Haas or
equivalent).

Formaldehyde, * 37% (w/v) solution in
water.

Formaldehyde stock solution, 1 pg/uL (see
APPEND IX A).

Acetaldehyde*.

Acrolein®.

Propionaldeh yde*.

Butyraldehyde™.

Isobutyraldehyde®.

Crotonaldehyde*.

Valeraledehyde*.

Isovaleralde hyde*.

Hexanal*.

Heptana |*.

Furfural®.

Sulfuric acid, 0.02 N.

Sodium hydroxide, 0.01 N.

Sodium sulfite, 1.13 M.

Water, deionezed, then distilled.
Hydrogen, prepurified.

Air, filtered, com pressed.

Helium, purified.

* See SPECIAL PRECAUTIONS

EQUIPMENT:

1.

Sampler: glass tube, 10 cm long, 6mm OD,
4-mm ID; flam e-se aled e nds and plastic
caps, containing two sections of 40/60
mesh, 2-(hydroxymethyl) piperidine-coated
XAD-2 (front = 120 mg; back = 60 mg: see
APPENDIX A) retained and separated by
small plugs of silanized glass wool.
Pressure drop across the tube at 0.10 L/min
airflow must be less than 760 kPa (57 mm
Hg). Tubes are com mercially available
(Supelco, Inc. ORBO-23 or equivalent).
Personal sampling pump, 0.01 to 0.05
L/min, with flexible connecting tubing.

Gas chromatograph, flame ionization
detector (FID), integrator and column (page
2539-1). GC/MS system for confirmation.
Ultrasonic bath.

Vials, glass, 1-m L, with PTF E-lined crimp
caps.

Flasks, volumetric, 10-mL.

Pipets, molumetric, 1-mL with pipet bulb.
Syringes, 10-pL (readable b 0.1-pL), 25-,
and 50-pL.

File.

Beakers, 50-mL.

pH meter.

Magnetic stirrer.

Burets, 50-mL.

Flasks, round-batomed, 100-mL.

Soxhlet extraction apparatus.

Vacuum oven.

Distillation apparatus.

SPECIAL PRECAUTIONS: Aldehydes can irritate the mucous membranes and act on the central

nervous system [3].

only in a well-ventilated hood.

Certain aldehydes are also suspectcarcinogens. Work with these compounds

SAMPLING:

1.
2.

Calibrate each personal sampling pump with a representative sampler in line.
Break ends ofthe samplerimmediately before sampling. Attachsampler to personal sampling

pump with flexible tubing.

For general screening, sample at0.01 to 0.05 L/min for a maximum sample volume of 6 L.

NOTE: Aldehydes react with the 2-(hydroxymethyl)piperidine to form an oxazolidine derivative
in the sorbent bed during sampling. Sampling rate is limited by the speed of this
reaction. Owing to the lower reactivities of some aldehydes, sampling even at 0.02
L/min may cause breakthrough because of incomplete reaction.

SAMPLE PREPARATION:
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o

i

Score each sampler with a file in front of the first sorbent section.

Break samplerat score line. Remove and place front glass wool plug and front sorbent
section in a vial. Transfer back section with remaining glass wool plugs to a second vial.
Add 1.0 mL toluene to each vial. Crimp cap tightly onto each vial.

Agitate vials in an ultrasonic bath for 60 min.

CALIBRATION AND QUALITY CONTROL:

8. Prepare qualitative oxazolidine standard samples.

a. Prepare aldehyde standard stock solutions.

NOTE: Aldehydes can oxidize to other compounds on exposure to air. This will
introduce bias into the method, so use of freshly-opened bottles of aldehydes
is recommended.

(1) Inject an aliquot of formaldehyde stock solution directly onto the sorbent.

(2) Take special care with acetaldehyde because of its volatility. To prepare
acetaldehyde standard solutions, weigh a 10-mL capped volumetric flask
containing about 5 mL toluene. With a cooled pipette, ransferabout 1 mL of
acetaldehyde into the weighed flask, recap and reweigh. Dilute to the mark.

(3) For the other aldehydes, add measured aliquots (ca. 12 pL) of eachto toluene
in 10-mL volumetric flasks and dilute to the mark. From the density of each
aldehyde, determine the amount of each aldehyde presentin each solution
(ca. 1 pg/pL).

b. Inject 10 pL of the standard aldehyde solutions separately onto blank tubes from the
same lot as the field samples.

c. Analyze (steps 4 through 7 and 10 through 12) along with blanks for qualitative
identification of derivative peaks by retention times.

9. Determine limit of detection (LOD) for individual aldehydes by GC/FID with standards covering
the range 0.5 to 10 pg per sample. Do this once, when first se tting up the method to
determine approximate sensitivites for the various aldehyde derivatives. Subsequently,
analyze only low-level formaldehyde standard samples with each set of samples as an internal
check that the analytical system is working.

a. Weigh 120-mg portions of unused sorbent from media blanks into vials. Keep at least
three 120-mg portions of this sorbent for determination of the background levels of
each aldehyde.

b. Add 0.5- to 10-pL aliguots of the individual alde hyd e standard solution s to obtain
standard samples in the range 0.5to 10 pg per 120 mg portion of sorbent. Cap vials
and allow to stand overnight at room temperature.

c. Desorb the standard samples ofaldehydes (steps 6 and 7) and analyze (steps 10
through 12) along with blanks.

d. Determine lowest spke to be detected (peak area greater than three times the
background or lowest standard observable) to estimate LOD for each aldehyde.
NOTE: Because the working standards are prepared on media blanks, no additional

blank correction or desorption efficiency correction is necessary.
MEASUREMENT:
10. Setgas chromatograph to manufacturer's recommendations and to conditions given on page

2539-1. Inject 1-pL sam ple aliquot.

NOTE: If the amount of oxazolidine in the aliquot ex ceeds the capacity of the column, dilute
the sample with toluene.

Compare retention times of unknown peaks in samples to the retention times for the

oxazolidines as determined by the qualitative standard samples. (See Appendix B for sample
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chromatogram.

a. Analyze samples with GC retention times matching any oxazolidine by GC/MS using the
same GC columns and conditions if possible. Alternate columns such as a DB-WAX
(formaldehyde, acetaldehyde, propanal) or DB-1 (remaining aldehydes) may also be used
for GC/MS confirmation depending on which aldehyde & suspected.

b. Determine the presence of oxazolidines by monitoring for specific ions known to be
present in the derivative spectra. See Table 2 for characteristic ion table and Appendix C
for reference mass spectra. Retention times by GC/MS must also match authentic
oxazolidine standards.

NOTE 1: This method may also sample aldehydes other than those listed. The
presence of these other aldehydes can be confirmed by examination of the
mass spectraldata and observation of peaks atm/e 126 and at the molecular
ion minus one mass unit. The molecularion for a particular aldehyde is equal
to the molecularweight of the original aldehyde plus 97. Fragmentation
patterns are also important for the identification of the oxazolidines.

NOTE 2: The absence of some Cs-Cgaldehydes, such as propionaldehyde,
isobutyraldehyde and crotonaldehyde, does not necessarily mean that these
compounds are not present in the air sampled. These compounds are not
efficiently rapped by the sorbent, and will readily breakthrough the sampler
sorbent beds.

NOTE 3: Higher molecular weight aldehydes, such as isovaleraldehyde, hexanaland
heptanal, probably will be more efficiently collected on the sorbent owing to
their lower va por pressure. Thus, absence of these compounds in sample
results may be indicative of the absence of these compounds in the
environment sampled.

12. Report the presence of a particular alde hyde if:
a. There is a detectable peak by GC-FID at the correct retention time for thataldehyde
derivatve.
b. The correctmass spectrum for the derivative is obtained by GC/MS at the proper retention
time.
REFERENCES:

(11
(2]
(3]
(4]

NIOSH Manual of Analytical Methods, 3rd ed., P.M. Eller, Ed.. DHHS (NIOSH) Publication No.
84-100 (1984).

Occupational Safety and Health Administration, "OSHA Analytical Method Manual," American
Conference of Governmental Industrial Hygienists, Cincinnati, OH (1985).

Kennedy, E.R.. P.F. O'Connor,Y. T. Gagnon. Determination of Acrolein in Air as an
Oxazolidine Derivative by G as Chromatography. Anal.Chem. 56, 2120-2123 (1984).
Kennedy, E.R., Y. T. Gagnon, J.R. Okenfuss, A. W. Teass. The Determination in Air of
Selected Low-molecular Weight Aldehydes as Their Oxazolidines by Capilary Gas
Chromatography. Appl. Ind. Hyg., 3, 274-279 (1988).

METHOD WRITTEN (REVISED) BY:

Ardith A. Grote and Eugene R. Kennedy, Ph.D., NIOSH/DPSE.

TABLE 1. GENERAL INFORMATION

Compound dig/imL) E xposure
Limits {ppm} WP (mm Ha)
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—(Synowms)

Formaldehyde (formic aldehyds;
formalin; CAS #50-00-0
RTECS LPE225000

Anstzidehyde (acetic aldehyds;
ethyl ; CAS #75-07-0
RTECS AB1925000

RTECS UE0350000

Acrolein {2-propenal;
allyl akdshyds; CAS #107-02-8)
RTECS AS1050000

Butyraidehyde (butaral;
CAS# 123-72-8)
RTECS ESZ275000

Iscbutyraldshyde (2methylpropanal
dimethylacstaidahyds; CAS #78-84-2)
RTECS NO4025000

Crotonaidehyde | 2-butenal; L-methyl
adolein; CAS # 123-739)
RTECS GPI&ZSM00

nValeraldshyde (pentana;
CAS # 110-62-3)
RTECS YV2600000

Isovaleraidehyds (3methylbutanal;
isopentanal; CAS # 500-8-3)
RTECS ES3450000

Hexanal (caproaldshyds;
CAS #86-25-1)
RTECS MNT175000

Heptanal (enanthal;
CAS #111-71-7)
RTECS MIG200000

Furfural (2-furan carboxaldshyds;
CAS #28-01-1)
RTECS LT7000000

Formula
CH,0

CHO

CHO

CHO

CHO

CH,0

H,.f

GH,.0

GH,.0

CH,O

GH.O,

MW @H°c
.03 -
44.05 0.788

(@ 16°C)
58.08 0.807
56.06 0.839
T2A0 0.802
T2AD 0.704
009 0853
85.13 0.810
85.13 0.785

100.16 0.834

114.18 0.809
(@ 30°q)

9508 1.16
(@ 250)

BP{*C)
-19.5

21

43

75

104

131

DSHA

3;C5
P 1030
min

200

01

standard

5 (skin)

HIOSH
Carc*, 0.016

co1
Group | Pesticide

Carc®
18 ppm LOG

01
0.3 STEL
Group | Pesticide

ACGH
co03
Suspecied
Carcinogen
100
150 STEL

01
0.3 STEL

2 (skin)

20°C

(8°C)

T40

210

170

=~ Carcinogen
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TABLE 2 MASS SPECTRAL DATA FORALDEHYDE DERIVATIVES OF 2-HYDROXYMETHYL)PIPERIDINE (HMP)

HMP DERIVATIVE

Base Peak Other Characteristic

Aldehvde Formula miz lons m/z
Formaldehyde C,H,,NO ar 126,127
Acetaldehyde C,H.NO 126 140, 141*
Propionaldehyde CyH..NO 126 154, 155*
Acrolein C,H,.NO 126 182, 163"
Butyraldehyde C.H, NO 126 168, 169"
Isobutyraldehyde C, H, NO 126 168, 169*
Crotonaldehyde C,H..NO 126 166, 167
Valeraldehyde C, H, NO 126 182, 183*
Isovaleraldehyde C,.H;.NO 126 182, 183"
Hexanal C.,H,,NO 126 196, 197
Heptanal C, H,NO 126 210, 211*
Furfural C..H..NO, 192 a5, 163, 193*

* indicates molecular ion.

APPENDIX A:

SORBENT PREPARATION {optional if commercially prepared tubes are used ):

Extract Amberlite XADS-2 for 4 h in Soxh let with 50/50 (v/v) acetone/m ethylene chloride. Replace with
fresh solventand repeat. Vacuum dry overnight. Add 1 g purified 2-(hydroxymethyl)piperidine in 50 mL
toluene for each 9 g extracted XAD-2 sorbent. Allow this mixture to stand 1 h with o ccasional swirling.
Remove the solvent by rotary evaporation at 37 °C and dry at 130 kPa (1 mm Hg) at am bient temperature
for ca. 1 h. To determine the amount of background for each batch, extractseveral 120-mg portions of
the coated sorbent with toluene and analyze (steps 6 through 12). No blank peak is expected for any
aldehydes oher than fomaldehyde and possibly acetaldehyde.

SYNTHESIS OF ALDEHYDE OXAZOLIDINES:

Place a solution of purified 2-hyd roxym ethylpiperidine (0.57 g, 5 mmol) in 10 mL of toluene in

a 50-mL round-bottomed flask. Use several 20 mL portions of toluene to rinse residual

1-{hydrox ymethyl)p iperidine from the container used for weighing. Add anhydrous magnesium sulfate (2.5
g) to the round-bottomed flask to dry the aldehyde solution as it is added and to remove the water which
forms during the reaction. Add a solution of 10 mole of aldehyde in 10 mL of toluene to the
2-hydroxymethylpiperidine solution dropwise with stirring over 1 h. Stir the solution overnight, the n filter to
remove the magnesium sulfate. Remove the toluene and excess aldehyde fom the solution at reduced
pressure by rotary evaporation.

PREPARATION AND STANDARDIZATION OF FORMALDEHYDE STOCK SOLUTION (ca. 1 mg/mL):

Dilute 2.7 mL 37% agueous formalin solution to 1 L with distilled, deionized water. This solution is stable
for at least three months. Standardize by placing 5.0 mL of freshly prepared 1.13 M sodium sulfite
solution in a 50-mL beaker and stir magnetically. AdjustpH to between 8.5 and 10 with base or acid.
Record the pH. Add 10.0 mL stock formaldehyde solution. The pH should be greater than 11. Titrate the
solution back to its original pH with 0.02 N sulfuric acid (1 mL acid = 0.600 mg HCHO; about 17 mL acid
needed). Ifthe endpointpH is overrun, back titrate to the endpoint with 0.01 N sodium hydroxide .
Calculate the concentration, C_ (mg/mL), of the formaldehyde stock solution:

300 % (Ma-Va- M- T3)

I

where: 30.0 = 30.0 glequivalent of formalde hyde
M, = normality of sulfuric acid
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V, = volume of sulfuric acid (mL) used for titration
N, = normality of NaOH
W, = volume of NaOH (mL) used for back tiration
W, = volume of form aldehyde stock solution (10.0 mL}.
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APPENDIX B: Sample chromatogram of aldehyde oxazolidines on DB-1301 column using conditions
listed on page 25358-1.
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APPENDIX C: Reference mass spectra of oxazolidines of aldehydes individually sp iked onto
ORBO-23 tubes. GC/MS conditions: HP 5890 gas chromatograph interfaced (direct) to HP 5970
mass-selective detector (70eV); 30-m DB-1 column, 025-mm [.D., 1.0-pm fim; 70 °C for 1 min, 15
“C/min to 300 °C: interface temperature, 280 °C; injector, 250 °C, 1 pL splitless injection; scan

20-400 amu.
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APPENDIX C: (Continued)
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HYDROCARBONS, AROMATIC 1501

FORMULA: Table 1 MW: Table 1 CAS: Table 1 RTECS: Table 1

METHOD: 1501, Issue 3 EVALUATION: Full Issue 1: 15 August 1990
Issue 3: 15 March 2003

OSHA : Table 2 PROPERTIES: Table 1
NIOSH: Table 2
ACGIH: Table 2

SYNONYMS: GroupA: benzene toluene ethylbenzene o-xylene m-xylens prrylens
(Synonyms
in Table 1) Group B:  cumene p-tert-butyltoluene a-methylstyrene B-methylstyrens styreng
SAMPLING MEASUREMENT
SAMPLER: SOLID SORBENT TUBE TECHNIQUE: GAS CHROMATOGRAPHY, FID
(coconut shell charcoal, 100 mg/50 mg)
ANALYTE: Hydrocarbons listed above
FLOW RATE: Table 3
DESORPTION: 1 mL CS,, stand 30 min with agitation
VOL-MIN: Table 3
=M AX: Table 3 INJECTION
VOLUME: 1uL (Group A: split 5:1;
SHIPMENT: Routine Group B: split 1:1)
SAMPLE TEMPERATURE
STABILITY: 30 days @ 5°C -INJECTION: 250°C
-DETECTOR: 300°C
BLANKS: 10% of samples -COLUMMN: Group A: 40 °C (10 min) to 230°C
(10 "C/min}
Group B: 35°C (8 min)to 225°C
(10°C/min)
CARRIER GAS: He @ 2.6 mL/min
ACCURACY
COLUMN: Capillary, fused silica
RANGE STUDIED: Table 3 Group A: 30m x 0.32-mm 1D; 1-um film
100% PEG or equivalent
BIAS: Table 3 Group B: 30m x 0.53-mm ID; 3-um film
crossbonded® 35% diphenyl 65%
OVERALL PRECISION (S§,,): Table 3 dimethyl polysiloxane or equivalent
ACCURACY: Table 3 CALIBRATION: Solutions of analytes in C5,
RANGE: Table 4
ESTIMATED LOD: Table 4
PRECISION (5): Table 4

APPLICABILITY: This method is for peak, ceiling, and TWA determinations of aromatic hydrocarbons.  Interactions between
analytes may reduce breakthrough wolumes and affect desorption efficiencies. Naphthalene, originally validated in $292 [4],
failed to meet acceptable desomtion efficiency recovery and storage stability critena at the levels evaluated in this study.
However, the application of this method to naphthalene levels at or near the REL/PEL continues to mest acceptable recovery
critena.  Styrene failed to meet acceplable recovery criteria at the two lowest levels evaluated in this study (highest level to
meet the criteria was 181 pg/sample).

INTERFERENCES: Under conditions of high humidity, the breakthrough volumes may be reduced. Other volatile organic
compounds such as alcohols, ketones, ethers, and halogenated hydrocarbons are potential analytical interferences.

OTHER METHODS: This method updates NMAM 1501 issued on August 15, 1994 [1] which was based upon PECAM 127
(benzene, styrene, toluene, and xylene) [2]; S22 (ptert-butyltoluene) [3]; 523 (cumene) [3]; 529 (ethylbenzene) [3] ; S26
(a-methylstyrene) [3]; S30 (styrene); 311 (benzene) [4]; 5343 (toluene) [4]; and S318 (xylenes) [4].
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REAGENTS: EQUIPMENT:

1. Carbon disulfide*, low benzene, 1. Sampler: glass tube, 7 cm long, 6-mm QD, 4-
chromatographic quality. mm ID, flame-sealed ends, containing two

2. Analytes, reagent grade. sections of activated coconut shell charcoal

3. Helium, prepurfied and filtered. (front = 100 mg, back = 50 mg) separated by a

4. Hydrogen, prepurified and filtered. 2-mm urethane foam plug. A silylated glass

5. Air, prepurified and fitered. wool plug precedes the front section and a 3-

mm urethane foam plug follows the back
section. Tubes are commercially available.

2. Personal sampling pump, 0.01 to 1.0 L/imin

* See SPECIAL PRECAUTIONS (Table 3). with flexible connecting tubing.

3. Gas chromatograph, FID, integrator, and
columns (page 1501-1).

4. Autosampler vials, glass, 1.8 mL, with PTFE-
lined caps.

5. Pipets, 1-mL, and pipet bulb.

6. Syringes, 10-pL, 25-puL, and 250-pL.

7. Volumetric flasks, 10-mL.

SPECIAL PRECAUTIONS: Carbon disulfide is toxic and extremely flammable (flash point = -30°C),
benzene is a suspect carcinogen. Prepare standards and samples in a well ventilated hood.

SAMPLING:

. Calibrate each personal sampling pump with a representative sampler in line.
. Break the ends of the samplerimmediately before sampling. Attach samplerto personal sampling pump

with flexible tubing.

. Sample at an accurately known flow rate between 0.01 and 0.2 L/min for a total sample size as shown

in Table 3.

. Cap the sam plers with plastic (not rubber) caps and pack securely for shipment.

SAMPLE PREPARATION:

. Place the frontand back sorbentsections of the sampler tube in separate vials. Include the glass wool

plug in the vial along with the front sorbent section.

. Add 1.0 mL eluent to each vial. Attach crimp cap to each vial immediately.
. Allow to stand at least 30 min with occasional agitation.

CALIBRATION AND QUALITY CONTROL:

8.

Calibrate daily with atleastsix working standards from belowthe LOD to 10 times the LOQ. If necessary,

additional standards may be added to extend the calibration curve.

a. Add known amounts of analytes to carbon disulfide solvent in 10-mL volumetric flasks and dilute to
the mark. Prepare additional standards by serial dilution in 10-mL volumetric flasks.

b. Analyze together with samples and blanks (steps 11 through 12).

¢. Prepare calibration graph (peak area of analyte vs. pg analyte per sample).
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9. Determine desorption efficiency (DE) at least once for each batch of charcoal used for sampling in the
calibration range (step 8).
a. Prepare three tubes at each of five levels plus three media blanks.
b. Inject a known amount of DE stock solution (5 to 25 pL) directly onto front sorbent section of each
charcoal tube with a microliter syringe.
c. Allow the tubes to air equilibrate for severalminutes, then cap the ends of each tube and allow to stand
overnight.
d. Desorb (steps 6 through 7) and analyze together with standards and blanks (steps 11 and 12).
e. Prepare a graph of DE vs. pg analyte recovered.
10. Analyze a minimum of three quality control blind spikes and three analyst spikes to insure that the
calibration graph and DE graph are in control.

MEASUREMENT:

11. Setgas chromatographaccording to manufacturer's recommendations and to conditions given on page
1501-1. Injecta 1-pL sample aliguot manually using the solvent flush technigue or with an autosam pler.
MNote: If peak areais above the linear range of the working standards, diute with solvent, reanalyze,

and apply the appropriate dilution factor in the calculations.

Analyte Approximate Retention Time (min)
benzene® 3.52
toluene® 6.13
ethylbenzene® 10.65
o-xyleng® 12.92
m-xylene® 11.33
p-xyleng® 11.04
cumene® 18.61
p-tert-butyltoluene® 21.45
a-methylstyrene® 19.99
B-methylstyrene® 20.82
styrene® 18.33

@ Separation achieved using a 30-m Stabilwax fused silica capillary colum.
Separation achieved using a 30-m Rtx-35 fused silica capilary column.

12. Measure peak areas.

CALCULATIONS:

13. Determine the mass, pg (corrected for DE) of analyte found in the sample front (W;) and back (W)
sorbent sections, and in the average media blank front (B;) and back (B,) sorbentsections.
NOTE: If W, = W10, reportbreakthrough and possible sample loss.

14. Calculate concentration, C, of analyte in the air volume sampled, V (L):

3

_ (¥, + W, - B, - B)

C
V

Jmglm

NOTE: pg/L = mg/m*
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EVALUATION OF METHOD:

The desorption efficiency, at levels ranging from 5times the LOQ to 0.1x the REL, was determined for each
analyte by spiking known amounts (in CS,) on coconut shell charcoal tubes. Both groups of analytes (A
and B) were spiked together on the charcoal sorbent tubes. All analytes, with the exception of styrene and
naphthalene, exhibited acceptable desorption efficiency recovery results at all five levels evaluated. Styrene
failed to meet the 75% recovery criteria atthe 18.1 pg and 90.6 pg levels. Naphthalene failedto meet the 75%
criteria at all levels evaluated ranging from 48.8 pg to 976.0 pg.

Each analyte, at a level approximately 0.05x REL/PEL, was evaluated for its storage stability @ 5°C after 7.

14, and 30 days. Al analytes, with the exception of naphthalene, had acceptable recoveries after 30 days
storage.

REFERENCES:

(1

NIOSH [1984]. Hydrocarbons, Aromatic: Method 1501. In: Eller PM, ed. NIOSH Manual of Analytical
Methods. 4th rev. ed. Cincinnati, OH: U.S. Department of Health and Human Services, Public Health
Service, Centers for Disease Control, National Institute for Occupational Safety and Health, DHHS
(NIOSH) Publication No. 94-113.

NIOSH [1977]. NIO SH Manual of Analytical Methods, 2nd. ed., V. 1, P&CAM 127, U.S. Department of
Health, Education, and Welfare, Publ. (NIOSH) 77-157-A.

Ibid, V. 2, 522, 523, 525, S26, 529, S30, U.S. Department of Health, Education, and Welfare, Publ.
(NIOSH) 77-157-B (1977).

Ibid, V. 3, 5292, 5311, S318, 5343, U.5. Department of Health, Ed ucation, and Welfare, Publ. (NIOSH)
77-157-C (1977).

NIOSH [1977]. Documentation of the NIOSH Validation Tests, S22, S23, S25, S26, S29, S30, 5292,
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TABLE 1. SYNONYMS, FORMULA, MOLECULAR WEIGHT, PROPERTIES

Wapor Pressure Density
Empirical Molecular Bailing Paint @ 25°C @ 20°C
Name/Synonyms Formula Weight ("C) (mm Hg) (kPa) {g/mL}
benzene
CAS #71-43-2
RTECS CY1400000 C.H, 7811 80.1 95.2 127 0.879
prlert-butyltoluene
CAS #98-51-1
RTECS X58400000
1-tert-butyl-4-methylbenzene C.H,, 148.25 192.8 07 0.08 0.861
cumene
CAS #95-82-8
RTECS GR8575000
isopropylbenzene C,H.x 120,20 1524 4.7 0.63 0.862
ethylbenzene
CAS #100-41-4
RTECS DAOT00000 C,H,, 106.17 136.2 96 1.28 0.867
a-methylstyreng
CAS #98-83-9
RTECS WL5075300
isopropenylbenzene
(1-methyletheny|}-benzene C,H,, 118.18 1654 2.5 0.33 0.909
B-methylstyrene
CAS #873-66-5
RTECS DA8400500 C,H,, 118.18 175.0 - - 0.911
toluene
CAS #108-88-3
RTECS X55250000
methylbenzene C,H, 92.14 110.6 284 374 0.867
xyleng” C,H,, 106.17
CAS #1330-20-7 (ortha) 144.4 6.7 0.89 0.880
RTECS ZE2100000 (meta) 1391 8.4 1.12 0.664
dimethylbenzene (p-xylens) (para) 138.4 8.8 1.18 0.861
shyrene
CAS #100-42-5
RTECS WL3675000
vinylbenzene CiH, 104.15 1452 6.1 0.81 0.906
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TABLE 2. PERMISSIBLE EXPOSURE LIMITS, PFM

NICSH ACGIH

OSHA mg/m*

Substance TWaA TWA C STEL TLV STEL per ppm
benzene 1 0.1* 1 10° 3.19
prlerd-butyltoluene 10 10 20 1 6.06
cumeng 50 (skin) 50 (skin} 50 (skin) 4.91
ethylbenzene 100 100 125 100 125 4.34
a-methylstyrene 100 50 100 50 100 483
B-methylstyrene 100 50 100 50 100 483
toluene 200 100 160 50 (skin) 377
axylene 100 100° 150 100 150 4.34
m-xylens 100 100 100 1580 4.34
prxylens 100 100 100 180 4.34
styrene 100 50 100 50 100 (skin) 426

# Potential carcinogen
PSuspect carcinogen
° Group | Pesticide

TABLE 3. SAMPLING FLOWRATE®, VOLUME, CAPACITY, RANGE, OVERALL BIAS AND PRECISION

Breakthrough Range
Sampling Volume @ at Overall
Flowrate Wolum e'_’,_[L}_ Concentration VOL-MIN Bias Precision  Accuracy
Substance (Lfmin} MIN MAX (L) (mg/m*) (mg/m*} (%) &) (£%)
benzene <0.20 5 30 =45 149 42 - 165 0.4 0.059 1.4
prlert-butyltaluene <0.20 1 29 44 112 29-119 -10.3 0.071° 20.7
cumene <0.20 1 30 =45 480 120- 480 5.6 0.059 15.2
ethylbenzens =0.20 1 24 35 97 222-884 -7.6 0.085° 17.1
a-methylstyrene =0.20 1 30 =45 40 236-943 7.6 0.061° 16.9
B-methylstyrene <0.20 1 30 =45 940 236- 943 -1.6 0.061 16.9
toluene <0.20 1 8 12 2294 548 - 2190 1.6 0.052 109
xylene (0-,m-p-} <0.20 2 23 35 870 218- 870 -1.2 0.060 122
slyrene <1.00 1 14 21 1710 426 -1710 -7.8 0.058° 16.7

* Minimum recommended flow is 0.01 L/min.
® W = minimum sample volume @ OSHA TWA;
Wonee = Maximum sample volume @ OSHA TWA
© Correcled value, calculated from datain Reference 5.
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TABLE 4. MEASUREMENT RANGE AND PRECISION®

Measurement
Substance LOD Range Precision
(ug/sample) (mg) (5)
benzene 0.5 0.004-0.35 0.013
p-tert-butyltoluene 1.1 0.013-1.09 0.017*
cumene 0.6 0.039-3.46 0.017
ethylbenzene 0.5 0.045-8.67 0.015
a-methylstyrene 0.6 0.036-3.57 0.014
B-methylstyrene 0.6 0.036-0.728 0.014
toluene 0.7 0.024-4.51 0.022
o-xylene 0.8 0.044-10.4 0.014
m-xylene 0.8 0.043-0.864 0.013
p-xylene 0.7 0.043-0.861 0.015
styrene 0.4 0.181-8.49 0.014

2 Corrected value, calculated from data in [5].
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NITRIC OXIDE and NITROGEN DIOXIDE 6014

0 MW: 30.01 CAS: 10102-43-9

0, 46.01

10102-44-0

RTECS: QX0525000
QW9800000

METHOD: 6014, Issue 1

EVALUATION: FULL

Issue 1: 15 August 1994

OSHA : 25 ppm NO; C 1 ppm NO, PROPERTIES: NO: gas; BP -151.7 “C: vapor density
NIOSH: 25 ppm NC; 1 ppm STEL NO, (air=1)1.0
ACGIH: 25 ppm NO; 3 ppm TWA, 5 ppm STEL NO , NO,: gas; MP -11.2 °C; BP 21 °C;
(1 ppm NO = 1.227 mgim® @ NTP) vapor density (air=1) 2.83
{1 ppm NO, = 1.882 mg/m*® @ NTP)
SYNONYMS: NO: nitrogen monoxide
NO,: nitrogen peroxide; nitrogen tetroxide
SAMPLING MEASUREMENT
SAMPLER: SORBENT TUBES TECHNIQUE: VISIBELE ABSORPTION
(oxidizer + 2 triethanolamine-treated SPECTROPHOTOMETRY
molecular sieve)
ANALYTE: nitrite ion, NO,

FLOW RATE: NO: 0.025 Limin
NO,: 0.025 - 0.2 Limin

VOL-MIN: 15L

-MAX: 6L
SHIPMENT: routine
SAMPLE
STABILITY: stable at least 7 days @ 25 “C [1,2]
BLANKS: 3 1o G field blanks and 10 media blanks p
sel

WAVELENGTH:

CALIBRATION:

RANGE:

ESTIMATED LOD:

PRECISION (§}:

ACCURACY
RANGE STUDIED: NO: 11-48 ppm [1]; NO,: 2-12 ppm [2]
(1.5-L samples) (3-L samples)
BIAS: NO- 4 1% [1]: NO,- -2% [2]
OVERALL PRECISION (S,;): NC:0.083 [1]; NO:0.063 [2]
ACCURACY: NO: + 20.4%;
NO, + 14.6%

EXTRACTION SOLUTION: absorbing solution, 50 mL

540 nm

standard solutions of NO
310 18 pg NO, per sample [1]
1 pg NOJ per sample [3]

NO: 0.061 [1]; NO: 0.026 [2]

APPLICABILITY: The working range for NO is 1 to 50 ppm (1.3 to 61 ma/m *) for a 1.5-L air sample. The working range for NO ,
is 0.51t0 25 ppm {1 t0 47 mg/m~) for a 3-L air sample. The lower sampling rate for NO is to allow collection of oxidized NO on
the back sorbent section. At the lower rate, both NO and NO |, may be determined simultansously.

INTERFERENCES: Any compound that reacts with the colorimetric reagents will interfere.

OTHER METHODS: This method is based on that of Willey, et al. [4] and combines 5321, 5320, and P&CAM 231 in a revised
format [3,5]. OSHA methods ID-182 and ID-190 use the same sampler, with measurement by ion chomatography [6].
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NITRIC OXIDE and NITROGEN DIOXIDE: METHCD 6014, Issue 1, dated 15 August 1994 - Page 2

of 4
REAGENTS: EQUIPMENT:

1. Triethanolamine, TEA, reagent grade. 1. Sampler: Three glass tubes, 7-mm CD, flame-

2. n-Butanol, reagent grade. sealed ends with plastic caps, with glass wool

3. Phosphoricacid, H ;PO,, conc._ reagentgrade.* retainers:

4. N-{1-napthyl)ethylenediaminedihydrochlonde, Tube A: 400 mg TEA-coated molecular
NEDA. sieve (type 13x, 30-40 mesh)

5. Sodium nitrite, NaNO 5. Tube B: 800 mg oxidizer (chromate) to

6. Absorbing solution: Dissolve 150 g convert NO to NO 5.
triethanolamine in ca. 500 mL deionized water, Tube C: Same as Tube A
add 0.5 mL n-butanol, and dilute to 1 L. Connect the tubes in series with flexible

7. H,0, solution, 0.02% (v/v): Dilute 0.2 mL of tubing. Position Tube C closest to the inlet of
30% H.0, to 250 mL with deionized water. the sampling pump. Tubes are commercially

8. Sulfanilamide solution: Dissolve 10 g available (SKC-226-40, or equivalent).
sulfanilamide in 400 mL deionized water, add 2. Personal sampling pump, 0025 to 0.2 L/min,
25 mL conc. H,FPO,, and dilute to 500 mL. with flexible connecting tubing.

9. NEDA solution: Dissolve 0.5 g N-(1-napthyl) 3. Spectrophotometer, UV-visible (540 nm), with
ethylenediamine dihydrochloride in 500 mL cuvettes, 1-cm silica cuveties.
deionized water. 4. Beakers, borosilicate, 100-mL.

10. Calibration stock solution, 100 NO , pg/mL: 5. Volumetric flasks, 50-mL and other convenient
Dissolve 0.1500 g NaNO , in 1 L deionized sizes.
water. 6. Pipets, 1-, 5-, 10-mL and other convenient

sizes.

*  See SPECIAL PRECAUTIONS. 7. Stopwatch.

SPECIAL PRECAUTIONS: Concentrated acid is corrosive to the skin and mucous membranes. Handle
it only in a hood.

SAMPLING:

—-

Calibrate the sampling pump with a representative sampler in line.
Immediately before sampling, break ends of sampler and attach to pump.
MNOTE: Nitrogen dioxide collects on the first tube (Tube A), and is thereby separated from nitric

oxide, which is oxidized by Tube B and then is collected on Tube C (adjacent to the

sampling pump.)

Sample at an accurately known flow rate of 0.025 Limin = 5%.
NOTE: If nitric oxide is not to be determined, a flow rate of up to 0.2 L/min may be used.
Cap the sampler and pack securely for shipment. Submit adequate numbers of field blanks and

media blanks to the laboratory

SAMPLE PREPARATION:

5.
6
7.
8
9.

10.

Transfer the sorbent from Tube A and Tube C to separate 50-mL volumetric flasks. Discard glass

wool plugs and oxidizer (Tube B).

. Add absorbing solution to sample in 50-mL volumetric and bring to the mark.

Stopper flask and shake vigorously for 30 sec. Allow solids to settle.

NOTE: Start reagent blanks at this step.

. Pipet 10 mL of extracted sample into a 50-mL volumetric flask.

Add 1.0 mL hydrogen peroxide solution, 10.0 mL sulfanilamide solution, and 1.4 mL NEDA solution.

Mix thoroughly after each addition.
Allow 10 min for complete color development.

MICSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94

60



NITRIC OXIDE and NITROGEN DIOXIDE: METHOD 6014, Issue 1, dated 15 August 1994 - Page 3
of 4

CALIBRATION AND QUALITY CONTROL:

11. Calibrate daily with at least six working standards to cover the range of 1 to 18 pg nitrite ion per 10-
mL sample
a. Analyze the working standards together with blanks and samples (steps 8 through 10 and
steps 12 through 14).
b. Prepare a calibration graph [absorbance vs. pg NO ; per sample].

MEASUREMENT:

12. Set wavelength on the spectrophotometer to 540 nm.
13. Set to zero with reagent blank.
14. Transfer some of the sample solution from step 10 to a cuvette and record the absorbance.

CALCULATIONS:

15. From the calibration graph, determine the mass of NO 5 in each Tube A, W . (pg), and in the
corresponding average blank, B , (ug). Similarly, determine the mass of NO . in each Tube C, W _
(Hg), and average blank, B _ (ug).

16. Calculate the concentration, C 5, (mg/m?) of NO, in the volume of air sampled, V (L), applying the
conversion factor 0.63:

_ W, -B) 3
Cvo, = —ggay MM

NOTE: The conversion factor 0.63 represents the number of moles of nitrite ion produced by 1 mole
of nitrogen dioxide gas. For NO or NO ,, gas concentrations above 10 ppm, use 0.5 as the
conversion factor [7].

17. Calculate the concentration, C {mg/m?), of NO in the air volume sampled, V (L), applying the
factor 0.652 (MW NO/MW NO ;) and the conversion factor 0.63:

W, - B) - 0652

3
osv MM

Crwo =

EVALUATION OF METHOD:

Method $321, Nitric Oxide, was evaluated over the range of 11.1 to 47.7 ppm (13.8 to 58.5 mg/m ) for
1.5-L samples, collected from dynamically generated test atmospheres [1,8]. The test concentration was
verified with a direct reading instrument, Energetic Sciences Enolyzer. The 1.2 g oxidizer section was
found adequate for a 60-min sampling time. NO samples had a mean recovery of 99.5% after 7 days
storage at ambient temperature.

Method $320, Nitrogen Dioxide, was evaluated over the range 3.0 - 11.6 ppm (5.8 to 21.6 mg/m %) using
3.9-L samples [2,7]. When an atmosphere at 84% RH containing 11.59 ppm NO  , was sampled at 0.064
L/min, 1.0% breakthrough occurred after 60 min and 2.4% breakthrough occurred after 180 min.
Quantitative recovery was obtained for samples containing 47 pg NO  , which were stored for 12 days at
ambient conditions.
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DIESEL PARTICULATE MATTER 5040
(as Elemental Carbon)

C AW: 12.01 CAS: none RTECS: none

METHOD: 5040: Issue 3 EVALUATION: FULL Issue 1: 15 May 1996
Issue 3: 15 March 2003

OSHA: no PEL PROPERTIES: nonvolatile solid
NIOSH: no REL
ACGIH: 20 pg/nme as elemental carbon (proposed [1])

SYNONYMS (related terms): diesel parliculate matter, diesel exhaust, dieselsoot, diesel emissions

SAMPLING MEASUREMENT
SAMPLER: FILTER: quartz-fiber, 37-mm; size- TECHNIQUE: Thermal-optical analysis; flame ionization
selective sampler may be required [2]. detector (FID}
FLOW RATE: 2 to 4 Limin (typical) ANALYTE: Elemental carbon (EC). Total carbon
is determined, but an EC exposure
VOL-MIN: 142 L @ 40pg/m* marker was proposed. See [2] for
-MAX: 19 m? (for filter load of ~ 90 pg/cm®) details.
SHIPMENT: Routine FILTER
PUNCH SIZE: 1.5 cm® (or other [2])
SAMPLE
STABILITY: Stable CALIBRATION: Methane injection
BLANKS: 2 to 10 field blanks perset RANGE: 1 to 105 pg perfilter portion (See also
[2).}
ACCURACY ESTIMATED LOD: 0.3 pg per filter portion
" - PRECISION (8): 019@1pgC,
RANGE STUDIED: 23 to 240 pg/m® (See also ref. [2].) 0.01@ 101072 pgC
BIAS: None (See also ref. [2].)
OVERALL
PRECISION (§,,): 0.085 at 23 pg/m* (See alsoref. [2])
ACCURALCY: + 16.7% at 23 pg/m” (See also ref. [2])

APPLICABILITY : The working range is approximately 6 to 6§30 pg/m®, with an LOD of ~ 2 pg/m* for a 960-L air sample collected
ona 37-mm filter with a 1.5 cm?® punch from thesample filter. If a lower LOD is desired, a larger sample volume andlor 25-mm filter
may be used (e.g., a 1920-L sample on 25-mm filter gives an LOD of 0.4 pg/im®). The split between organic carbon (OC)and EC
may be inaccurate ifthe sample transmittance is too low. The EC loading at which thisoccurs depends on laserintensity. Ingeneral,
the OC-EC split may be inaccurate when EC loadings are above 20 pg/em®. High loadings can give low (and variable) EC results
because the transmittance remains low and relatively constant until some of the EC isoxidized. The split should be reassigned (prior
to EC peak) in such cases [3]. An upper EC limit of 800 pg/m® (90 pg/em®) can be determined.

INTERFERENCES: Total carbon (as OC and EC) is determined by the method, but EC was recommended as a measure of
workplace exposure because OC interferences may be present [2, 3]. Cigarette smoke and carbonates ordinarily do not interfere
inthe EC determination. Less than 1% of the carbon in cigarette smoke is elemental. If heavy loadings of carbonale are anticipated,
A size-selective sampler (impactor and/or cyclone) should be used [2]. For measurement of diesel-source EC in coal mines, a
cyclone and impactor with a submicrometer culpoint arerequiredto minimize collection of coal dust. Acyclone and/orimpactor may
be necessary in other workplaces if EC-containing dusts are present.

OTHER METHODS: Other methods for determination of EC and OC have been employed, but these are not equivalent to the
method described herein. Information on other methods is summarized elsewhere [2].
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ELEMENTAL CARBON (DIESEL PARTICULATE): METHOD 5040, Issue 3, dated 15 March 2003 - Page 2 of 5

REAGENTS:

Agueous solutions of reagent grade (98+%)
sucrose, 0.1 to 3 mg C per mL solution.

Ensure fiter spike loading range brackets that

of samples.

Ultra pure H;0, Type |, or equivalent.

UHP helium (99.999%), scrubber also
required for removal of oxygen.

Hydrogen, purified (99.995%), cylinder or
hydrogen generator source.

Ultra Zero air (low hydrocarbon).

10% oxygen in helium balance, both gases
UHP, certified mix.

5% methane in helium balance, both gases
UHP, certified mix.

EQUIPMENT:

1. Sampler: Quartz-fiber filter, precleaned (in low

temperature asher 2 to 3 h, or muffle furnace

for1to 2 h at~ 800 °C), 37-mm, in a 3-piece

cassette with filter support (stainless steel
screen, cellulose pad, or a second quartz filter).

Alternative samplers may be required in dusty

environments. See ref. [2] for details.

NOTE 1: High purity, high efficiency, binder-
free quartz-fiber filters must be used
(e.g., Pall Gelman Sciences Pallflex
Tissuequartz 2500QAT-UP.
Precleaned fiters are available from
several laboratories. Filters also can
be purchased and cleaned in-house.
Filters should be cleaned in a muffle
furnace operated at 800-900°C for 1-
2 hours. Check (analyze) filters to
ensure removal of OC contaminants.
A shorter cleaning period may be
effective. OC results immediately
after cleaning should be below 0.1
pglem?®. OC vapors readily adsorb
onto clean filters. Even when stored
in closed containers, OC loadings
may range from 0.5 palcm? after
several weeks.

NOTE 2: Cellulose supports give higher OC
blanks than screens and quartz
filters. Bottom quartz filters can be
used to correct for adsorbed vapor;
see ref. [2].

. Personal sampling pump with flexible tubing.
. Therm al-optical analyzer; see ref. [2].
. Metal punch for removal of 1.5 cm® rectangular

DLD@"'\IIO'JU'

portion of filter.

NOTE: A smaller portion (e.g., taken with cork
borer) may be used, butthe area must
be large enough to accommodate the
entire laser beam (i.e., beam should
pass through the sample, not around
it). The area of the portion must be
accurately known, and the sample
must be carefully positioned (the filter
transmittance will decrease
dramatically when the sample is
properly aligned). A filter portion =0.5
cm? with diameter or width = 1 cm is
recommended.

Syringe, 10-pL.

Aluminum foil.

Needle (for lifting filter punch portion).
Forceps

Volumetric flasks, Class A.

Analytical balance.
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ELEMENTAL CARBON (DIESEL PARTICULATE): METHOD 5040, Issue 3, dated 15 March 2003 - Page 3 of §

SPECIAL PRECAUTIONS: Hydrogen is a flammable gas. Users must be familiar with the proper use
of flammable and nonflamm able gases, cylinders, and regulators. According to the instrument
manufacturer, the instrument is a Class | Laser Product. This designation means there is no laser
radiation exposure during normal operation. Weakly scattered laser light is visible during operation, but
does not pose a hazard to the user. The internal laser source is a Class lllb product, which poses a
possible hazard to the eye if viewed directly or from a mirror-like surface (i.e., specular reflections).
Class llib lasers normally do not produce a hazardous diffuse reflection. Repairs to the optical system,
and other repairs requiring removal of the instrument housing, should be performed only by a qualified

service technician.

SAMPLING:

1.

Calibrate each personal sampling pump with a representative samplerin line.

NOTE: Bothopen-and closed-faced cassettes have been used. Both configurations generally give even
deposits. At higher flow rates (e.g., 4 L/min), small spots occasionally have been observed in
the center of the filters when closed-faced cassettes are used. This material likely consisted of
impacted diesel agglomerates and/or non-diesel particulate matter. EC results for multiple
portions of the filters were in good agreement, so the spots had little analytical impact. Other
samplers also can be used (see ref. [2]) provided an even deposit of diesel particulate results.
An even depositis necessary because the sample portion analyzed must be representative of
the entire deposit. If the deposit is not homogeneous, the entire sample must be analyzed. An
impactor/cyclone may be needed in some cases. [2]

2. Attach sampler outlet to personal sampling pump with flexible tubing.

3. Sample at an accurately known flow rate. Typical rates are 2-4 L/min (note: Lower flows (e.g., 1 L/min)
have been used in mines to prevent overloading).

4. Aftersampling, replace top piece of cassette, ifremoved, and pack securely for shipment to laboratory.

NOTE: Diesel particulate samples from occupational settings generally do not require refrigerated
shipment unless there is potential for exposure to elevated temperatures (that is, well above
collection temperature). Filter samples normally are stable under laboratory conditions. Some
OC loss may occurover time if samples contain OC from othersources (for example, cigarette
smoke). Sorption of OC vapor after sample collection has not occurred, even with samples
having high (e.g., 80%) EC content.

SAMPLE PREPARATION:

5. Place sample fiter on a freshly cleaned aluminum foil surface. Isopropyl alcohol or acetone can be

used to clean the foil. Allow residual solvent to vaporize from the surface prior to use. Punchout a
representative portion ofthe filter. Take care not to disturb deposited material and avoid hand contact
with sample. A needle inserted at an angle is useful for removal of the filter portion from the punch
body. Newer instruments have an extemnally mounted bracket to support the quartz sample holder
while the previous sample is removed and a new one is loaded. Through a hole in the side of the
standard punch, a needle can be used to push the filter portion from the punch onto the sample
holder. Alternative approaches also can be used, depending on the user's preference, aslong as
contamination is avoided.

CALIBRATION AND QUALITY CONTROL:

6. Analyze at least one replicate sample. Forsets of up to 50 samples, replicate 10% of the samples.

For sets over 50 samples, replicate 5% of the samples. If a filter deposit appears uneven (this
should not be the case if the cassette is sealed properly), take a second portion (step 5) for analysis
to check evenness of deposition.

NOTE: Precision of replicate analyses of a filter is usually better than 5% (1 to 3% is typical).
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7. Analyze three quality control blind spikes and three analyst spikes to ensure that instrument
calibration is in control. Prepare spike as follows:

a. With 10-pL (or other) syringe, apply an aliquot of OC standard solution directly to filter portion taken
(step 5) from a precleaned filter. For best results, the precleaned filter punch should be cleaned
again inthe sample oven prior to application of the aliquot.

NOTE: With small aliguots (e.g., = 10 pL), disperse standard solution over one end offilter
portion to ensure standard is in laser beam. To prevent possible solution loss to surface.
hold the portion off the surface. Larger volumes can easily penetrate to the underside of
the fiter portion.

b. Allow water to evaporate and analyze spikes with samples and blanks (steps 9 and 10).

NOTE: A pronounced decrease in filter transmittance during the first temperature step of the
analysis indicates water loss. Allow portions to dry longer if this occurs. Spiked punches
also can be dried inthe oven, if desired. For quick drying, the ‘clean oven' command on
the menu can be selected and canceled after about 4 seconds. The time allowed may
depend on instrument, but oven temperatures should be below 100 °C to avoid boiling the
solution. This approach is convenient and prevents potential adsorption of organic vapors
in laboratory air.

8. Determine instrument blank (results of analysis with freshly cleaned filter portion) for each sample set.

MEASUREMENT:

9. Adjustanalyzersettings according to manufacturer's recomm endations (see instrument operation manual
and background information in ref. [2]). Place sample portion into sample oven.

NOTE: Forms of carbon that are difficult to oxidize (e.g., graphite) may require a longer period and
higher temperature during the oxidative mode to ensure that all EC is removed (the EC peak
should never merge with the calibration peak). Adjust time and temperature accordingly. A
maximum temperature above 940 °C should not be required.

10. Determine EC (and OC) mass, pg. Analyzer results are reported in units pg/cm? of C. The reported
values are normally based on a sample portion of about 1.5 em?, which is the area of the standard punch
provided by the manufacturer. If the portion area used differs from the value entered in the ocecpar.txt
file, multiply the result by 1.5 (or value in ocecpartxt file) and divide the product by the actual area
analyzed to obtain the area-corrected result (i.e., reported result x 1.5/portion area = corrected resultin
pg/cm?). This is most easily done inthe data spreadsheet. Alternatively, the correct results will be obtained
with the data calculation program if the portion areais entered in the param eter file (ocecpar.txt), but this
approach is cumbersome when punches of different areas are used because correct results will notbe
obtained for all punch sizes.

CALCULATIONS:

11. Multiply the reported (or area-corrected) EC result (pgh:m2 ) by filter deposit area, cm?, (typically 8.5
2 . )

cm” fora 37-mm filter) to calculate total mass, pg, of EC on each filter sample (Wgg). Do the same for
the blanks and calculate the mass found in the average field blank (W ). The mass of OC is calculated
similarly, but the mean OC field blank may underestimate the amount of OC contributed by adsorbed
vapor. A quartz filter placed beneath the sample fiter can provide a better estimate of the adsorbed
OcC. [2]

12. Calculate the EC concentration (Cgg) in the airvolume sampled, V (L):

Wee -

W,
mg/m’
- g

Cie =
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EVALUATION OF METHOD:

Details on the evaluation of this method are provided in a chapter of this NMAM Supplement. [2] The chapter
includes a summ ary of interdaboratory comparison work conducted since the initial publication of the method.
Background information and guidance on method use, including sampling requirements, also are provided.
In general industry, 37-mm cassettes are normally suitable for air sampling. but there are exceptions. A
cyclone in series with animpactor having a submicrometer cutpoint must be used in coal mines, and the Mine
Safety and Health Administration (MSHA) has recommended use of a cyclone-impactor sampler in metal and
nonmetal mines. [5] The impactor is commercially available [6]. A size-selective sampler (either impactor
and/or cyclone) also may be required in otherdusty environments [2], particularly if the dustis carbonaceous.
If a sample contains carbonate, the carbonate carbon (CC) wil be quantified as OC. A carbonate-subtracted
result can be obtained through acidification of the sample portion or through separate integration of the
carbonate peak [2] (note: Trona and other compounds containing sodium can etch the quartz oven wall at
elevatedtemperatures. Avoid spillage of these materials in the sample oven.) These procedures are described
in a Chapter of this Supplement. [2] The thermal-optical method is applicable to nonvolatile carbon species
(i.e., particulate OC, CC and EC). The method is not appropriate for volatile or semivolatiles, which require
sorbents for efficient collection.
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Exhaust (Particulate and Particulate Adsorbed Components), Draft TLV-TWA Document, 2001.
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Cincinnati, OH. DHHS (NIOSH) Publication No. 2003-154.

[3] Birch, ME, Cary, RA[1996). Elemental Carbon-based Method for Monitoring Occupational Exposures to
Particulate Diesel Exhaust Aerosol Sci Technol 25:221-241.

[4] Birch, ME [1998]. Analysis of carbonaceous aerosols: interlaboratory comparison, Analyst, 123:851-857.

[5] Mine Safety and Health Administration (MSHA) [2001]. Department of Labaor, 30 CFR Part 57, Diesel
Particulate Matter Exposure of Underground Metal and Nonm etal Miners; Final Rule, Federal Register
Vol. 66, No. 13, January 19.

[6] SKC, Eight Sixty Three Valley View Road, Eighty Four, PA 15330.
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Determination of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/
Mass Spectrometry (GC/MS)

1. Scope

1.1 This method documents sampling and analytical procedures for the measurement of subsets of the 97 volatile
organic compounds (VOCs) that are included m the 189 hazardous air pollutants (HAPs) listed in Title III of the
Clean Air Act Amendments of 1990. VOCs are defined here as organic compounds having a vapor pressure
greater than 10 Torr at 25°C and 760 mm Hg. Table 1 is the list of the target VOCs along with their CAS
number, boiling point, vapor pressure and an mdication of their membership in both the list of VOCs coverad
by Compendinm Method TO-14A (1) and the list of VOCs m EPA's Contract Laboratory Program (CLP)
document entitled: Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites (2).

Many of these compounds have been tested for stability m concentration when stored in specially-preparad
canisters (see Section 8) under conditions typical of those encountered 1 routine ambient air analysis. The
stability of these compounds under all possible conditions 1s not known. However, a model to predict compound
losses due to physical adsorption of VOCs on camster walls and to dissolution of VOCs in water condensed 1n
the canisters has been developed (3). Losses due to physical adsorption require only the establishment of
equilibrium between the condensed and gas phases and are generally considered short term losses, (1.e.. losses
occutring over minufes to hours). Losses due to chemical reactions of the VOCs with cocollected ozone or other
gas phase species also account for some short term losses. Chemical reactions between VOCs and substances
mside the canister are generally assumed to cause the gradual decrease of concentration over tune (i.e., long term
losses over days to weeks). Loss mechanisms such as aqueous hydrolysis and biological degradation (4) also
exist. No models are currently known fo be available to estimate and charactenize all these potential losses,
although a number of experimental observations are referenced in Section 8. Some of the VOCs listed in Title
III have short atmospheric lifetimes and may not be present except near sources.

1.2 This method applies to ambient concentrations of VOCs above 0.5 ppbv and typically requires VOC
enrichment by concentrating up to one liter of a sample volume. The VOC concentration range for ambient air
m many cases mcludes the concentration at which continuous exposure over a lifetime 15 estimated to constitute
a 10 or higher lifetime risk of developing cancer in humans. Under circumstances in which many hazardous
WVOCs are present at 107 risk concentrations, the total risk may be significantly greater.

1.3 Tlus method applies under most conditions encountered 1n sampling of ambient air mto camsters. However,
the composition of a gas mixture in a camister, under umque or unusual conditions, will change so that the sample
1s known not to be a true representation of the ambient air from wlich it was taken. For example, low humidity
conditions in the sample may lead to losses of certain VOCs on the canister walls, losses that would not happen
if the hunidity were higher. If the camuster 1s pressunized, then condensation of water from high humidity samples
may cause fractional losses of water-soluble compounds. Since the canister surface area is limited, all gases are
m competition for the available active sites. Hence an absolute storage stability cannot be assigned to a specific
gas. Fortumately, under conditions of normal usage for sampling ambient air. most VOCSs can be recovered from
canisters near their original concentrations after storage times of up to thirty days (see Section 8).

1.4 Use of the Compendinm Method TO-15 for many of the VOCs listed m Table 1 is likely to present two
dafficulties: (1) what calibration standard to use for establishing a basis for testing and quantitation, and (2) how
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to obtamn an audit standard. In certam cases a chemical sumlarity exists between a thoroughly tested compound
and others on the Title ITT List. In this case, what works for one 15 likely to work for the other in terms of making
standards. However, thus is not always the case and some compound standards will be troublesome. The reader
15 referred to the Section 9.2 on standards for guidance. Calibration of compounds such as formaldehyde.
diazomethane, and many of the others represents a challenge.

1.5 Compendium Method TO-15 should be considered for use when a subset of the 97 Title III VOCs constifute
the target list. Typical situations involve ambient air testing associated with the permitting procedures for
emission sources. In this case sampling and analysis of VOCs is performed to determme the mmpact of dispersing
source enussions in the swrounding areas. Other important applications are prevalence and trend momtoring for
hazardous VOCs in urban areas and risk assessments downwind of industrialized or source-impacted areas.

1.6 Solid adsorbents can be used in lieu of canisters for sampling of VOCs, provided the solid adsorbent
packigs, usually multisorbent packings in metal or glass tubes, can meet the performance criteria specified in
Compendium Method TO-17 which specifically addresses the use of multisorbent packings. The two sample
collection techniques are different but become the same upon movement of the sample from the collection
medium (canister or multisorbent tubes) onto the sample concentrator. Sample collection directly from the
atmosphere by automated gas chromatographs can be used in lieu of collection 1 camisters or on solid adsorbents.

2. Summary of Method

2.1 The atmosphere 15 sampled by introduction of air into a specially-prepared stainless steel canister. Both
subatmospheric pressure and pressurized sampling modes use an mitially evacuated camster. A pump ventilated
sampling line 1s used during sample collection with most commercially available samplers. Pressurized sampling
requires an additional pump to provide positive pressure to the sample canister. A sample of air is drawn through
a samplmg tramn comprised of components that regulate the rate and duration of sampling into the pre-evacuated
and passivated canister.

2.2 After the air sample 15 collected. the camster valve is closed. an identification tag 15 attached to the canister.
and the canister is transported to the laboratory for analysis.

2.3 Upon receipt at the laboratory, the canister tag data is recorded and the canister is stored until analysis.
Storage tumes of up to thirty days have been demonstrated for many of the VOCs (5).

2.4 To analyze the sample, a known volume of sample 1s directed from the camster through a solid multisorbent
concentrator. A portion of the water vapor in the sample breaks through the concentrator during sampling, to a
degree depending on the multisorbent composition, duration of sampling, and other factors. Water content of
the sample can be further reduced by dry purgmg the concentrator with heliumn while retaining target compounds.
After the concentration and drying steps are completed, the VOCs are thermally desorbed, entrained 1n a carrier
gas stream._ and then focused in a small volume by trapping on a reduced temperature trap or small volume
multisorbent trap. The sample 15 then released by thermal desorption and carried onto a gas chromatographic
column for separation

As a simple alternative to the multisorbent/dry purge water management technique, the amount of water vapor
m the sample can be reduced below any threshold for affecting the proper operation of the analytical system by
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reducing the sample size. For example, a small sample can be concentrated on a cold trap and released directly
to the gas chromatographic columm. The reduction in sample volume may require an enhancement of detector
sensitivity.

Other water management approaches are also acceptable as long as their use does not compromise the attainment
of the performance ecriteria listed m Section 11. A listing of some comumercial water management systems 15
provided in Appendix A. One of the alternative ways to dry the sample is to separate VOCs from condensate
on a low temperature trap by heating and purging the trap.

2.5 The analytical strategy for Compendmm Method TO-15 mvolves using a high resolution gas chromatograph
(GC) coupled to a mass spectrometer. If the mass spectrometer is a limear quadrupole system, it is operated either
by continuously scanning a wide range of mass to charge ratios (SCAN mode) or by monitoring select 1on
monitormg mode (SIM) of compounds on the target list. If the mass spectrometer is based on a standard ion trap
design, only a scanning mode 1s used (note however, that the Selected Ion Storage (SIS) mode for the ion trap has
features of the SIM mode). Mass spectra for individual peaks in the total ion chromatogram are examined with
respect to the fragmentation pattern of 10ns corresponding to various VOCs inchuding the intensity of primary
and secondary ions. The fragmentation pattern is compared with stored spectra taken under sinular conditions,
mn order to identify the compound. For any given compound, the intensity of the primary fragment 1s comparad
with the system response to the primary fragment for known amounts of the compound. This establishes the
compound concentration that exists n the sample.

Mass spectrometry is considered a more definitive identification technique than single specific detectors such as
flame iomzation detector (FID). electron capture detector (ECD), photoionization detector (PID), or a
multidetector arrangement of these (see discussion in Compendium Method TO-14A). The use of both gas
chromatographic retention time and the generally unique mass fragmentation pattemns reduce the chances for
misidentification. If the tachnique is supported by a comprehensive mass spectral database and a knowledgeable
operator, then the correct identification and quantification of VOCs 15 further enhanced.

3. Significance

3.1 Compendium Method TO-15 1s significant i that it extends the Compendium Method TO-14A description
for using canister-based sampling and gas chromatographic analysis in the following ways:

* Compendmm Method TO-15 incorporates a multisorbent/dry purge technique or aquivalent (see Appendix
A) for water management thereby addressing a more extensive set of compounds (the VOCs mentioned
m Title IIT of the CAAA of 1990) than addressed by Compendium Method TO-14A. Compendium
Method TO-14A approach to water management alters the structure or reduces the sample stream
concentration of some VOCs, especially water-soluble VOCs.

+ Compendmuim Method TO-15 uses the GC/MS techmique as the only means to 1dentify and quantitate target

compounds. The GC/MS approach provides a more scientifically-defensible detection scheme which 15

generally more desirable than the use of single or even multiple specific detectors.

In addition, Compendium Method TO-15 establishes method performance criteria for acceptance of data,

allowing the use of alternate but equivalent sampling and analytical equipment. There are several new and

viable commercial approaches for water management as noted in Appendix A of this method on which to
base a VOC momtoring technique as well as other approaches to sampling (ie., autoGCs and solid
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adsorbents) that are often used. This method lists performance criteria that these alternatives must meet
to be acceptable alternatives for monitoring ambient VOCs.

Finally, Compendium Method TO-15 includes enhanced provisions for inherent quality control. The
method uses internal analytical standards and frequent verification of analytical system performance to
assure control of the analytical system. Tlis more formal and better documented approach to quality
control gnarantees a higher percentage of good data.

3.2 With these features, Compendium Method TO-15 is a more general yet better defined method for VOCs than
Compendium Method TO-14A. As such, the method can be applied with a higher confidence to reduce the
uncertamty m risk assessments in environments where the hazardous volatile gases listed in the Title III of the
Clean Air Act Amendments of 1990 are being monitored. An emphasis on risk assessments for human health
and effects on the ecology 1s a current goal for the U.S. EPA.

4. Applicable Documents
4.1 ASTM Standards

* Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.

* Method E260 Recommended Practice for General Gas Chromaregraphy Procedures.

* Method E355 Practice for Gas Chromatography Terms and Relationships.

* Method D5466 Standard Test Method of Determination of Volatile Organic Compounds in
Atmospheres (Canister Sampling Methodology)

4.2 EPA Documents

* Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II, U. S. Environmental
Protection Agency, EPA-600/R-94-038b, May 1994.

Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983,

Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: Method
TO-14, Second Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.
Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites. U. S. Environmental
Protection Agency, Office of Solid Waste, Washmgton. D.C., Draft Report, June 1990.

Clean Air Act Amendments of 1990, U. S. Congress, Washington, D.C.. November 1990.

5. Definitions

[Note: Definitions used in this document and any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E355. Aside from the definitions given below,
all pertinent abbreviations and symbols are defined within this document at point of use.]

5.1 Gauge Pressure—pressure measured with reference to the surrounding atmospheric pressure, usually
expressed in units of kPa or psi. Zero gauge pressure is equal to atmospheric (barometric) pressure.
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5.2 Absolute Pressure—pressure measured with reference to absolute zero pressure, usually expressed m units
of kPa, or psi.

5.3 Cryogen—a refrigerant used to obtain sub-ambient temperatures in the VOC concentrator and/or on front
of the analytical column. Typical eryogens are hiquud mitrogen (bp -195.8°C), hquid argon (bp -185.7°C), and
liquid CO, (bp -79.5°C ).

5.4 Dynamic Calibration—calibration of an analytical system using calibration gas standard concentrations
mn a form 1dentical or very suilar to the samples to be analyzed and by introducing such standards mto the inlet
of the sampling or analytical system from a manifold through which the gas standards are flowing.

5.5 Dynamic Dilution—means of preparing calibration mixtures in which standard gas(es) from pressurized
cylinders are contmuously blended with humidified zero air m a manifold so that a flowing stream of calibration
mixture is available at the inlet of the analytical system.

5.6 MS-SCAN—mass spectrometric mode of operation in which the gas chromatograph (GC) is coupled to a
mass spactrometer (MS) programmed to SCAN all ions repeatedly over a specified mass range.

5.7 MS-SIM—inass spectrometric mode of operation in which the GC is coupled to a MS that is programmed
to scan a selected number of 1ons repeatedly [1.e., selected 10n monitoring (SIM) mode].

5.8 Qualitative Accuracy—the degree of measurement accuracy required to correctly identify compounds with
an analytical system.

5.9 Quantitative Accuracy—the degree of measurement accuracy required to comrectly measure the
concentration of an identified compound with an analytical system with known uncertainty.

5.10 Replicate Precision—precision determined from two canisters filled from the same air mass over the same
time period and determined as the absolute value of the difference between the analyses of canisters divided by
their average value and expressed as a percentage (see Section 11 for performance eriteria for replicate precision).

5.11 Duplicate Precision—precision deternuned from the analysis of two samples taken from the same canister.
The duplicate precision is determined as the absolute value of the difference between the canister analyses divided
by their average value and expressed as a percentage.

5.12 Audit Accuracy—the difference between the analysis of a sample provided m an audit canister and the
nominal value as determined by the audit authority. divided by the audit value and expressed as a percentage (see
Section 11 for performance criteria for audit accuracy).

6. Interferences and Contamination

6.1 Very volatile compounds, such as chloromethane and vinyl chloride can display peak broadening and
co-elution with other species if the compounds are not delivered to the GC colmnn 1 a small volume of carrier
gas. Refocusing of the sample after collection on the primary trap, either on a separate focusing trap or at the
head of the gas chromatographic column, mitigates this problem.
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6.2 Interferences i canister samples may result from improper use or from contamination of: (1) the camsters
due to poor manufacturing practices, (2) the canister cleaning apparatus, and (3) the sampling or analytical
system. Attention fo the following details will help to minimize the possibility of contamination of canisters.

6.2.1 Camisters should be manufactured usmg high quality welding and cleaning techmiques, and new
canisters should be filled with humidified zero air and then analyzed, after “aging™ for 24 hours, to determine
cleanliness. The cleanng apparatus. sampling system. and analytical system should be assembled of clean, high
quality components and each system should be shown to be free of contamination

6.2.2 Canisters should be stored in a contaminant-free location and should be capped tightly during shipment
to prevent leakage and minimize any compronuse of the sample.

6.2.3 Impurities in the calibration dilution gas (if applicable) and carrier gas, organic compounds out-gassing
from the system components ahead of the trap, and solvent vapors in the laboratory account for the majority of
contanunation problems. The analytical system must be demonstrated to be free from contamination under the
conditions of the analysis by running humidified zero air blanks. The use of non-chromatographic grade stamless
steel tubing, non-PTFE thread sealants. or flow controllers with Buna-N rubber components must be avoided.

6.2.4 Significant contanunation of the analytical equipment can occur whenever samples containing high
VOC concentrations are analyzed. This in turn can result i carryover contamination i subsequent analyses.
Whenever a lugh concentration (=25 ppbv of a trace species) sample 15 encountered, it should be followed by
an analysis of humid zero air to check for carry-over contamination.

6.2.5 In cases when solid sorbents are used to concentrate the sample prior to analysis, the sorbents should
be tested to identify artifact formation (see Compendium Method TQ-17 for more mformation on artifacts).

7. Apparatus and Reagents

[Note: Compendium Method To-144 list more specific requirements for sampling and analysis apparatus
which may be of help in identifving options. The listings below are generic.]

7.1 Sampling Apparatus

[Note: Subatmospheric pressure and pressurized canister sampling systems are conunercially available and
have been used as part of U.S. Environmental Protection Agency's Toxic Air Monitoring Stations (TAMS),
Urban Air Toxic Monitoring Program (UATMP), the non-methane organic compound (NMOC) sampling and
analysis program, and the Photochemical Assessment Monitoring Stations (PAMS).]

7.1.1 Subatmospheric Pressure (see Figure 1, without metal bellows type pump).

7.1.1.1 Sampling Inlet Line. Stainless steel tubing to connect the sampler to the sample inlet.

7.1.1.2 Sample Canister. Leak-free stainless steel pressure vessels of desired volume (e.g.. 6 L), with
valve and specially prepared interior surfaces (see Appendix B for a listing of known manufacturers/resellers of
canisters).

7.1.1.3 Stainless Steel Vacuum/Pressure Gauges. Two types are required, one capable of measuring
vacuum (—100 to 0 kPa or 0 to - 30 in Hg) and pressure (0-206 kPa or 0-30 psig) in the sampling system and
a second type (for checking the vacuum of camsters during cleaning) capable of measuring at 0.05 mm Hg (see
Appendix B) within 20%. Gauges should be tested clean and leak tight.

7.1.1.4 Electronic Mass Flow Controller. Capable of mantaining a constant flow rate (= 10%) over
a sampling period of up to 24 hours and under conditions of changing temperature (20—40°C) and hunndity.

7.1.1.5 Particulate Matter Filter. 2-.m sintered stainless steel in-line filter.
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7.1.1.6 Electronic Timer. For unattended sample collection.

7.1.1.7 Solencid Valve. Electrically-operated, bi-stable solenoid valve with Viton® seat and O-rings. A
Skinner Magnelatch valve 1s used for purposes of 1llustration in the text (see Figure 2).

7.1.1.8 Chromatographic Grade Stainless Steel Tubing and Fittings. For interconnections. All such
materials in contact with sample, analyte, and support gases prior to analysis should be chromatographic grade
stainless steel or equivalent.

7.1.1.9 Thermostatically Controlled Heater. To maintain above ambient temperature inside insulated
sampler enclosure.

7.1.1.10 Heater Thermostat. Automatically regulates heater temperature.

7.1.1.11 Fan. For cooling sampling system.

7.1.1.12 Fan Thermostat. Automatically regulates fan operation.

7.1.1.13 Maximum-Minimum Thermometer. Records highest and lowest temperatures during sampling
period.

7.1.1.14 Stainless Steel Shut-off Valve. Leak free, for vacuum/pressure gauge.

7.1.1.15 Auxiliary Vacuum Pump. Continnously draws air through the inlet mamfold at 10 L/min. or
higher flow rate. Sample is extracted from the manifold at a lower rate, and excess air is exhausted.

[Note: The use of higher inlet flow rates dilutes any contamination present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorption sites on inlet walils.]

7.1.1.16 Elapsed Time Meter. Measures duration of sampling.
7.1.1.17 Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve. May be used in lieu
of the electromic flow confroller for grab samples or short duration time-integrated samples. Usually approprnate
only in sifuations where screening samples are taken to assess future sampling activity.
7.1.2 Pressurized (see Figure 1 with metal bellows type pump and Figure 3).
7.1.2.1 Sample Pump. Stainless steel, metal bellows type, capable of 2 atmospheres output pressure.
Pump must be free of leaks, clean, and uncontanunated by o1l or organic compounds.

[Note: An alternative sampling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 N.W. Walker Rd., Beaverton, Oregon 97006, 503-690-1077, and
is illustrated in Figure 3. This flow system uses, in order, a pump, a mechanical flow regularor, and a
mechanical compensation flow restrictive device. In this configuration the pump is purged with a large
sample flow, thereby eliminating the need for an auxiliary vacuwm pump to flush the sample inlet.|

7.1.2.2 Other Supporting Materials. All other components of the pressurized sampling system are
similar to components discussed in Sections 7.1.1.1 through 7.1.1.17.

7.2 Analytical Apparatus

7.2.1 Sampling/Concentrator System (many commercial alternatives are available)

7.2.1.1 Electronic Mass Flow Controllers. Used to maintain constant flow (for purge gas, carrier gas
and sample gas) and to provide an analog output to monitor flow anomalies.

7.2.1.2 Vacuwn Pump. General pupose laboratory pump, capable of reducing the downstream pressure
of the flow controller to provide the pressure differential necessary to maintain controlled flow rates of sample
air.

7.2.1.3 Stainless Steel Tubing and Stainless Steel Fittings. Coated with fused silica to minimize active
adsorption sites.
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7.2.1.4 Stainless Steel Cylinder Pressure Regulators. Standard. two-stage cylinder regulators with
pressure gauges.

7.2.1.5 Gas Purifiers. Used to remove organic impurities and moisture from gas streams.

7.2.1.6 Six-port Gas Chromatographic Valve For routing sample and carrier gas flows.

7.2.1.7 Multisorbent Concentrator. Solid adsorbent packing with various retentive properties for
adsorbmg trace gases are commercially available from several sources. The packing contains more than one type
of adsorbent packed m series.

7.2.1.7.1A pre-packed adsorbent trap (Supelco 2-0321) containing 200 mg Carbopack B (60/80 mesh)
and 50 mg Carbosieve S-IIT (60/80 mesh) has been found to retamn VOCs and allow some water vapor to pass
through (6). The addition of a dry purging step allows for further water removal from the adsorbent trap. The
steps constifuting the dry purge techmque that are normally used with multisorbent traps are illustrated
Figure 4. The optimum trapping and dry purging procedure for the Supelco trap consists of a sample volume of
320 mL and a dry mtrogen purge of 1300 mL. Sample trapping and drying is carried out at 25°C. The trap 15
back-flushed with helrum and heated to 220°C to transfer material onto the GC column. A trap bake-out at
260°C for 5 nunutes is conducted after each mun

7.2.1.7.2An example of the effectiveness of dry purging is shown in Figure 5. The multisorbent used in
this case 1s Tenax/Ambersorb 340/Charcoal (7). Approximately 20% of the initial water content in the sample
remams after sampling 500 mL of air. The detector response to water vapor (hydrogen atoms detected by atomie
enussion detection) is plotted versus purge gas volume. Additional water reduction by a factor of 8 1s indicated
at temperatures of 45°C or lugher. Still further water reduction is possible using a two-stage concentration/dryer
system.

7.2.1.8 Cryogenic Concentrator. Complete units are commercially available from several vendor
sources. The characteristics of the latest concentrators include a rapid, "ballistic" heating of the concentrator to
release any trapped VOCs into a small carrier gas volume. This facilitates the separation of compounds on the
gas chromatographic column.

7.2.2 Gas Chromatographic/Mass Spectrometric (GC/MS) System.

7.2.2.1 Gas Chromatograph. The gas chromatographic (GC) system must be capable of temperature
programming. The column oven can be cooled to subambient temperature (e.g., -50°C) at the start of the gas
chromatographic mn to effect a resolution of the very volatile organic compounds. In other designs, the rate of
release of compounds from the focusing trap in a two stage system obviates the need for retrapping of compounds
on the column. The system must include or be mterfaced to a concentrator and have all required accessories
mcludmg analytical columns and gases. All GC camier gas lines must be constructed from stainless steel or
copper tubing. Non-polytetrafluoroethylene (PTFE) thread sealants or flow controllers with Buna-N rubber
components must not be used.

7.2.2.2 Chromatographic Columns. 100% methyl silicone or 5% phenyl, 95% methyl silicone fused
silica capillary columns of 0.25- to 0.53-mm I.D. of varying lengths are recommended for separation of many
of the possible subsets of target compounds mvolving nonpolar compounds. However, considering the diversity
of the target list, the choice 15 left to the operator subject to the performance standards given in Section 11.

7.2.2.3 Mass Spectrometer. Either a linear quadrupole or 1on frap mass spectrometer can be used as long
as 1f 1s capable of scanning from 35 to 300 amu every 1 second or less, utilizing 70 volts (nominal) electron
energy in the electron impact 1onization mode, and producing a mass spectrum which meets all the mstrument
performance acceptance criteria when 50 ng or less of p-bromofluorobenzene (BFB) 1s analyzed.

7.2.2.3.1Linear Quadrupole Technology. A simplified diagram of the heart of the quadrupole mass
spectrometer 1s shown in Figure 6. The quadrupole consists of a parallel set of four rod electrodes mounted
a square configuration. The field within the analyzer 1s created by coupling opposite pairs of rods together and
applying radiofrequency (RF) and direct current (DC) potentials between the pairs of rods. Ions created in the
1on source from the reaction of column eluates with electrons from the electron source are moved through the
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parallel array of rods under the mfluence of the generated field. Ions which are successfully transmutted through
the quadrupole are said to possess stable trajectories and are subsequently recorded with the detection system.
When the DC potential 1s zero, a wide band of m/z values 1s transmutted through the quadrupole. This "RF only"
mode is referred to as the "total-ton" mode. In this mode, the quadrupole acts as a strong focusing lens analogous
to a lugh pass filter. The amplitude of the RF determunes the low mass cutoff. A mass spectrum is generated by
scanning the DC and RF voltages using a fixed DC/RF ratio and a constant drive frequency or by scanning the
frequency and holding the DC and RF constant. With the quadrupole system only 0.1 to 0.2 percent of the 1ons
formed m the ion source actually reach the detector.

7.2.2.3.2Ion Trap Technology. An ion-trap mass spectrometer consists of a chamber formed between
two metal surfaces in the shape of a hyperboloid of one sheet (ring electrode) and a hyperboloid of two sheets
(the two end-cap electrodes). Ions are created within the chamber by electron impact from an electron beam
admitted through a small aperture in one of the end caps. Radio frequency (RF) (and sometimes direct current
voltage offsets) are applied between the ring electrode and the two end-cap electrodes establishing a quadrupole
electric field. Tlus field 1s uncoupled 1 three directions so that ion motion can be considered independently in
each direction; the force acting upon an ion increases with the displacement of the 1on from the center of the field
but the direction of the force depends on the mstantaneous voltage applied to the ring electrode. A restoring force
along one coordinate (such as the distance. r, from the ion-trap's axis of radial symmetry) will exist concurrently
with a repelling force along another coordmate (such as the distance, z, along the 1on traps axis), and if the field
were static the 1ons would eventually strike an electrode. However, i an RF field the force along each coordinate
alternates direction so that a stable trajectory may be possible i which the ions do not strike a surface. In
practice, 1ons of appropriate mass-to-charge ratios may be trapped within the device for periods of milliseconds
to hours. A diagram of a typical 1on trap 1s illustrated in Figure 7. Analysis of stored 1ons 1s performed by
mcreasing the RF voltage, which makes the 1ons successively unstable. The effect of the RF voltage on the ring
electrode 1s to "squeeze” the 1ons m the xy plane so that they move along the z axis. Half the ions are lost to the
top cap (held at ground potential); the remaimng ions exit the lower end cap to be detected by the electron
multiplier. As the energy applied to the ring electrode is increased, the ions are collected in order of increasing
mass to produce a conventional mass spectrum. With the 1on trap, approximately 50 percent of the generated
1ons are detected. As a result, a significant increase in sensitivity can be achieved when compared to a full scan
linear quadrupole system.

7.2.2.4 GC/MS Interface. Any gas chromatograph to mass spectrometer interface that gives acceptable
calibration points for each of the analytes of interest and can be used to achieve all acceptable performance
criteria may be used. Gas chromatograph to mass spectrometer interfaces constructed of all-glass, glass-lined.
or fused silica-lined materials are recommended. Glass and fused silica should be deactivated.

7.2.2.5 Data System. The computer system that is interfaced to the mass spectrometer must allow the
continuous acquisition and storage, on machine readable media, of all mass spectra obtamed throughout the
duration of the chromatograplic program. The computer must have software that allows searching any GC/MS
data file for ions of a specified mass and plotting such 10n abundances versus time or scan number. This type
of plot 15 defined as a Selected Ion Current Profile (SICP). Software must also be available that allows integrat-
g the abundance in any SICP between specified time or scan number linuts. Also, software must be available
that allows for the comparison of sample spectra with reference hibrary spectra. The National Institute of
Standards and Technology (NIST) or Wiley Libraries or equuvalent are recommended as reference libraries.

7.2.2.6 Off-line Data Storage Device. Device must be capable of rapid recording and retrieval of data
and must be suitable for long-term, off-line data storage.
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7.3 Calibration System and Manifold Apparatus (see Figure )

7.3.1 Calibration Manifold Stainless steel glass, or high purity quartz manifold, (e.g..1.25-cm ID. x
66-cm) with sampling ports and internal baffles for flow disturbance to ensure proper mixing. The mamfold
should be heated to ~50°C.

7.3.2 Humidifier. 500-mL impinger flask containing HPLC grade detonized water.

7.3.3 Electronic Mass Flow Controllers. One 0 to 5 L/min umt and one or more 0 to 100 mL/mun units
for awr. depending on number of cylinders in use for calibration.

7.3.4 Teflon Filter(s). 47-mm Teflon® filter for particulate collection.

7.4 Reagents

7.4.1 Neat Materials or Manufacturer-Certified Solutions/Mixtures. Best source (see Section 9).

7.4.2 Helium and Air. Ultra-high punity grade in gas cylinders. He 1s used as carrter gas in the GC.

7.4.3 Liquid Nitrogen or Liquid Carbon Dioxide. Used to cool secondary trap.

7.4.4 Deionized Water. High performance liquid chromatography (HPLC) grade, ultra-high purity (for
humidifier).

8. Collection of Samples in Canisters
8.1 Introduction

8.1.1 Canister samplers. sampling procedures, and canister cleaning procedures have not changed very much
from the description given in the original Compendium Method TO-14. Much of the material in this section 15
therefore simply a restatement of the material given in Compendium Method TO-14, repeated here i order to
have all the relevant information in one place.

8.1.2 Recent notable additions to the camster technology has been m the application of canister-based
systems for example, to microenvironmental monitoring (8), the capture of breath samples (9), and sector
sampling to 1dentify emission sources of VOCs (10)

8.1.3 EPA has also sponsored the development of a mathematical model to predict the storage stability of
arbitrary mixfures of trace gases i humidified air (3), and the mvestigation of the SilcoSteel™ process of coating
the canister interior with a film of fused silica to reduce surface actrvity (11). A recent summary of storage
stability data for VOCs in canisters 1s given in the open literature (5).

8.2 Sampling System Description

8.2.1 Subatmospheric Pressure Sampling [see Figure 1 (without metal bellows type pump)].

8.2.1.1 In preparation for subatmospheric sample collection in a canister, the canister 1s evacuated to
0.05 mm Hg (see Appendix C for discussion of evacuation pressure). When the canister is opened to the
atmosphere contaming the VOCSs to be sampled, the differential pressure causes the sample to flow mnto the
camster. This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-weighted-
average (TWA) samples (duration of 1-24 hours) taken through a flow-restrictive inlet (e.g., mass flow controller
eritical orifice).

8.2.1.2 With a critical orifice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow controller, the subatmospheric sampling system can
maintamn a constant flow rate from full vacuum to within about 7 kPa (1.0 psi) or less below ambient pressure
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8.2.2 Pressurized Sampling [see Figure 1 (with metal bellows type pump)].
8.2.2.1 Pressurized sampling 15 used when longer-term integrated samples or higher volume samples are
requued. The sample 1s collected in a camster using a pump and flow control arrangement to achieve a typical
101-202 kPa (15-30 psig) final canister pressure. For example, a 6-liter evacuated canister can be filled at 10
mD/min for 24 hours to achieve a final pressure of 144 kPa (21 psig).
8.2.2.2 In pressurized camister sampling, a metal bellows type pump draws mn air from the sampling
manifold to fill and pressurize the sample canister.
8.2.3 All Samplers.
8.2.3.1 A flow control device 1s chosen to maintamn a constant flow into the canister over the desired
sample period. This flow rate is determined so the cansster 1s filled (to about 88.1 kPa for subatmospherie
pressure sampling or to about one atmosphere above ambient pressure for pressurized sampling) over the desired
sample period. The flow rate can be calculated by:

2=V
T x 60

where:

F = flow rate, mL/min.
P = final canister pressure, atmospheres absolute. P 1s approximately equal to

kPa gauge
1012

V = volume of the canister, mL.
T = sample period, hours.

For example, 1f a 6-L canister is to be filled to 202 kPa (2 atmospheres) absolute pressure in 24 hours, the flow
rate can be calculated by:
2 x 6000

F =e!:mo—— = §3 mL/min
24 x 60

8.2.3.2 For automatic operation, the timer is designed to start and stop the pump at appropriate times for
the desired sample period. The tumer must also control the solenoid valve, to open the valve when starting the
pump and to close the valve when stopping the pump.

8.2.3.3 The use of the Skinner Magnelatch valve (see Figure 2) avoids any substantial temperature rise
that would occur with a conventional, normally closed solenoid valve that would have to be energized during the
entme sample period. The temperature n1se in the valve could cause outgassing of organic compounds from the
Viton® valve seat material. The Skinner Magnelatch valve requires only a brief electrical pulse to open or close
at the appropriate start and stop times and therefore experiences no temperature mcrease. The pulses may be
obtamned either with an electronic timer that can be programmed for short (5 to 60 seconds) ON pertods, or with
a conventional mechanical timer and a special pulse circuit. A simple electrical pulse circwt for operating the
Skanner Magnelatch solenoid valve with a conventional mechanical tumer is illustrated in Figure 2(a). However,
with this simple circuit, the valve may operate unreliably durmg brief power interruptions or if the timer 1s
manually switched on and off too fast. A better circuit incorporating a tume-delay relay to provide more reliable
valve operation is shown 1 Figure 2(b).
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8.2.3.4 The connecting lines between the sample inlet and the canister should be as short as possible to
minimize their volume. The flow rate mto the camster should remain relatively constant over the entire sampling
period.

8.2.3.5 As an option. a second electronic tumer may be used to start the auxiliary pump several hours prior
to the sampling period to flush and condition the inlet line.

8.2.3.6 Prior to field use, each sampling system must pass a humid zero air certification (see
Section 8.4.3). All plumbing should be checked carefully for leaks. The camisters must also pass a humid zero
air certification before use (see Section 8.4.1).

8.3 Sampling Procedure

8.3.1 The sample canister should be cleaned and tested according to the procedure i Section 8.4.1.
8.3.2 A sample collection system 15 assembled as shown i Figures 1 and 3 and must be cleaned according
to the procedure outlined m Sections 8.4.2 and 8.4 4

[Note: The sampling system should be contained in an appropriate enclosure.]

8.3.3 Prior to locating the sampling system, the user may want to perform "screening analyses" usimg a
portable GC system, as outlined in Appendix B of Compendiim Method TO-144A, to determine potential volatile
organics present and potential "hot spots.” The mformation gathered from the portable GC screening analysis
would be used in developmg a momitoring protocol, which meludes the sampling system location, based upon the
"screening analysis” results.

8.3.4 Affer "screening analysis," the sampling system 1s located. Temperatures of ambient air and sampler
box mterior are recorded on the canister sampling field test data sheet (FTDS), as documented in Figure 9.

[Note: The following discussion is related to Figure 1]
8.3.5 To verify correct sample flow, a "practice" (evacuated) canister 1s used i the sampling system.

[Note: For a subannospheric sampler, a flow meter and practice canister are needed. For the pump-driven
system, the practice canister is not needed, as the flow can be measured at the outlet of the system.]

A certified mass flow meter is attached to the inlet line of the manifold, just n front of the filter The canister
15 opened. The sampler 1s furned on and the reading of the cerfified mass flow meter 1s compared to the sampler
mass flow controller. The values should agree within £10%. If not, the sampler mass flow meter needs to be
recalibrated or there is a leak in the system. This should be investigated and corrected

[Note: Mass flow meter readings may drift. Check the zere reading carefully and add or subtract the zero
reading when reading or adjusting the sampler flow rare to compensate for any zero drift.]

After 2 minutes, the deswed canister flow rate 1s adjusted to the proper value (as ndicated by the certified mass
flow meter) by the sampler flow control unit controller (e.g., 3.5 mL/min for 24 hr, 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE" on the FTDS.

8.3.6 The sampler 1s turned off and the elapsed time meter 1s reset to 000.0.

[Note: Whenever the sampler is turned off, wait at least 30 seconds to twin the sampler back on.]
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8.3.7 The "practice” canister and certified mass flow meter are disconnected and a clean certified (see
Section 8.4.1) camister 15 attached to the system.

8.3.8 The canister valve and vacuum/pressure gauge valve are openad.

8.3.9 Pressure/vacuum i the camster 1s recorded on the camster FTDS (see Figure 9) as mdicated by the
sampler vacuum/pressure gauge.

8.3.10 The vacuum/pressure gauge valve is closed and the maximum-mimimum thermometer 1s reset to
current temperature. Time of day and elapsed time meter readings are recorded on the canister FTDS.

8.3.11 The electromic tuner 1s set to start and stop the sampling period at the appropriate tunes. Sampling
starts and stops by the programmed electronic timer.

8.3.12 After the desired sampling period, the maximum, minimum, current interior temperature and current
ambient temperature are recorded on the FTDS. The current reading from the flow controller is recorded.

8.3.13 At the end of the sampling period, the vacuum/pressure gauge valve on the sampler 15 briefly opened
and closed and the pressure/vacuum is recorded on the FTDS. Pressure should be close to desired pressure.

[Nete: For asubatmospheric sampling system, if the canister is at atmospheric pressure when the field final
pressure check is performed, the sammpling period may be suspect. This information should be noted on the
sampling field data sheet.]

Tiune of day and elapsed time meter readings are also recorded.

8.3.14 The canister valve 1s closed. The sampling line is disconnected from the canister and the canister is
removed from the system. For a subatmospheric system, a certified mass flow meter is once again connected to
the mlet manifold in front of the in-lme filter and a "practice” canister is attached to the Magnelatch valve of the
sampling system. The final flow rate 1s recorded on the canister FTDS (see Figure 9).

[Note: For a pressurized system, the final flow may be measured directly.]

The sampler is turned off.

8.3.15 Anidentification tag is attached to the canister. Canister serial number, sample mumber, location, and
date, as a munmum, are recorded on the tag. The canister is routinely transported back to the analytical
laboratory with other canisters in a canister shipping case.

8.4 Cleaning and Certification Program

8.4.1 Canister Cleaning and Certification.
8.4.1.1 All camsters must be clean and free of any contaminants before sample collection.
8.4.1.2 All canisters are leak tested by pressurizing them to approxmmately 206 kPa (30 psig) with zero
air.

[Note: The canister cleaning system in Figure 10 can be used for this task.]

The initial pressure is measured, the canister valve 1s closed, and the final pressure is checked after 24 hours. If
acceptable. the pressure should not vary more than + 13.8 kPa (% 2 psig) over the 24 hour period.

8.4.1.3 A camster cleaning system may be assembled as illustrated i Figure 10. Cryogen 1s added to both
the vacuum pump and zero air supply traps. The canister(s) are connected to the manifold. The vent shut-off
valve and the canister valve(s) are opened to release any remaming pressure in the canister(s). The vacuum pump
15 started and the vent shut-off valve 1s then closed and the vacuum shut-off valve 1s opened. The canister(s) are
evacuated to <0.05 mm Hg (see Appendix B) for at least 1 hour.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-13

85



Method TO-15 VOCs

[Note: On a daily basis or more ofien if necessary, the cryogenic traps should be purged with zero air to
remove any trapped water from previous canister cleaning cycles.]

Aur released/evacuated from canisters should be diverted to a fiume hood.

8.4.1.4 The vacuum and vacuum/pressure gauge shut-off valves are closed and the zero air shut-off valve
15 opened to pressurize the canister(s) with humid zero air to approximately 206 kPa (30 psig). If a zero gas
generator system is used, the flow rate may need to be limited to maintan the zero air quality.

8.4.1.5 The zero aiwr shut-off valve 15 closed and the canister(s) 15 allowed to vent down to atmospheric
pressure through the vent shut-off valve. The vent shut-off valve 1s closed. Repeat Sections 8.4.1.3 through
8.4.1.5 two additional times for a total of three (3) evacuation/pressurization cycles for each set of canisters.

8.4.1.6 At the end of the evacuation/pressurization cycele, the canister is pressurized to 206 kPa (30 psig)
with humid zero air. The canister is then analyzed by a GC/MS analytical system. Any canmister that has not
tested clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should
not be used. As a "blank" check of the canister(s) and cleanup procedure, the final humid zero aw fill of 100%
of the camsters 1s analyzed until the cleanup system and canisters are proven reliable (less than 0.2 ppbv of any
target VOCs). The check can then be reduced to a lower percentage of canisters

8.4.1.7 The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm Hg (see
Appendix B) and remains in tlus condition until used. The canister valve 1s closed. The canister 1s removed from
the cleanng system and the canster conmection 1s capped with a stamless steel fitting. The canister 1s now ready
for collection of an air sample. An identification tag 15 attached to the inlet of each canister for field notes and
chain-of-custody purposes. An alternative to evacuating the camster at this point 1s to store the camisters and
reevacuate them just prior to the next use.

8.4.1.8 As an option to the humid zero air cleaning procedures, the camsters are heated in an isothermal
oven nof to exceed 100°C during evacuation of the canister to ensure that higher molecular weight compounds
are not retamned on the walls of the canister.

[Note: For sampling more complex VOC mixtures the canisters should be heated to higher temperatures
during the cleaning procedure although a special high temperarnure valve would be needed].

Once heated, the camisters are evacuated to <0.05 mm Hg (see Appendix B) and maintained there for 1 hour. At
the end of the heated/evacuated cycle, the canisters are pressurized with humid zero air and analyzed by a GC/MS
system after a minimum of 12 hrs of "aging.” Any canister that has not tested clean (less than 0.2 ppbv each of
targeted compounds) should not be used. Once tested clean, the canisters are reevacuated to <0.05 mm Hg (see
Appendix B) and remain in the evacuated state until used. As noted in Section 8.4.1.7. reevacuation can occur
just prior to the next use.
8.4.2 Cleaning Sampling System Compuonents.
8.4.2.1 Sample components are disassembled and cleaned before the sampler 1s assembled. Nonmetallic
parts are rmsed with HPLC grade detomzed water and dried 1n a vacuum oven at 50°C. Typically, stainless steel
parts and fittimgs are cleaned by placng them in a beaker of methanol in an ultrasonic bath for 15 minutes. This
procedure 1s repeated with hexane as the solvent.
8.4.2.2 The parts are then ninsed with HPLC grade deionized water and dried in a vacuum oven at 100°C
for 12 to 24 hours.
8.4.2.3 Once the sampler 15 assembled, the entire system is purged with humid zero air for 24 hours.
8.4.3 Zero Air Certification.
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[Note: In the following sections, "certification" is defined as evaluating the sampling system with humid zero
air and humid calibration gases that pass through all active components of the sampling system. The system
is "certified" if no significant additions or deletions (less than 0.2 ppbv each of target compounds) have
occurred when challenged with the test gas stream.]

8.4.3.1 The cleanliness of the sampling system is determined by testing the sampler with humid zero air
without an evacuated gas sampling canister, as follows.

8.4.3.2 The calibration system and mamifold are assembled, as illustrated m Figure 8. The sampler
(without an evacuated gas camister) 1s connected to the mamfold and the zero aw eylinder 1s actrvated to generate
a humid gas stream (2 L/min) to the calibration manifold [see Figure 8(b)].

8.4.3.3 The hunud zero gas stream passes through the calibration manifold. through the sampling system
(without an evacuated canister) to the water management system/VOC preconcentrator of an analytical system.

[Note: The exit of the sampling system (without the canister) replaces the canister in Figure 11.]

After the sample volume (e.g., 500 mL) 1s preconcentrated on the trap, the trap 1s heated and the VOCs are
thermally desorbed and refocussed on a cold trap. This trap is heated and the VOCs are thermally desorbed onto
the head of the capillary column. The VOCs are refocussed prior to gas chromatographic separation. Then, the
oven temperature (programmed) increases and the VOCs begin to elute and are detected by a GC/MS (see
Section 10) system. The analytical system should not detect greater than 0.2 ppbv of any targeted VOCs 1n order
for the sampling system to pass the hunud zero air certification test. Chromatograms (using an FID) of a certified
sampler and contanunated sampler are illustrated 1n Figures 12(a) and 12(b), respectively. If the sampler passes
the humid zero air test, it 15 then tested with humid calibration gas standards containing selected VOCs at
concentration levels expected 1 field sampling (e.g., 0.5 to 2 ppbv) as outlined in Section 8.4.4.
8.4.4 Sampler System Certification with Humid Calibration Gas Standards from a Dynamic

Calibration System

8.4.4.1 Assemble the dynamic calibration system and manifold as illustrated i Figure 8.

8.4.4.2 Venfy that the calibration system 15 clean (less than 0.2 ppbv of any target compounds) by
samplimg a hunudified gas stream, without gas calibration standards, with a previously certified clean canister
(see Section 8.1)

8.4.4.3 The assembled dynamic calibration system is certified clean if less than 0.2 ppbv of any targeted
compounds 1s found.

8.4.4.4 For generating the humidified calibration standards, the calibration gas cylmder(s) containing
nominal concentrations of 10 ppmv in nitrogen of selected VOCs is attached to the calibration system as
lustrated mn Figure 8. The gas cylinders are opened and the gas mixtures are passed through 0 to 10 mL/mimn
certified mass flow controllers to generate ppb levels of calibration standards.

8.4.4.5 After the appropriate equilibrium period, attach the sampling system (containing a certified
evacuated canister) to the manifold, as illustrated in Figure 8(b)

8.4.4.6 Sample the dynamic calibration gas stream with the sampling system.

8.4.4.7 Concurent with the sampling system operation, realtime moniforing of the calibration gas stream
15 accomplished by the on-line GC/MS analytical system [Figure 8(a)] to provide reference concentrations of
generated VOCs.

8.4.4.8 At the end of the sampling period (normally the same time period used for experiments), the
sampling system canuster 1s analyzed and compared to the reference GC/MS analytical system to determune 1f the
concentration of the targeted VOCs was mcreased or decreased by the sampling system.

8.4.4.9 A recovery of between 90% and 110% is expected for all targeted VOCs

8.4.5 Sampler System Certification without Compressed Gas Cylinder Standards.
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8.4.5.1 Not all the gases on the Title III list are available/compatible with compressed gas standards. In
these cases sampler certification must be approached by different means.

8.4.5.2 Defutive gudance 1s not curently available in these cases; however, Section 9.2 lists several ways
to generate gas standards. In general Compendium Method TO-14A compounds (see Table 1) are available
commercially as compressed gas standards.

9. GC/MS Analysis of Volatiles from Canisters
9.1 Introduction

9.1.1 The analysis of canister samples 1s accomplished with a GC/MS system. Fused silica capillary columns
are used to achieve high temporal resolution of target compounds. Linear quadrupole or ion trap mass
spectrometers are employed for compound detection. The heart of the system is composed of the sample inlet
concentrating device that 1s needed to increase sample loading into a detectable range. Two examples of
concentrating systems are discussed. Other approaches are acceptable as long as they are compatible with
achieving the system performance criteria given in Section 11.

9.1.2 With the first techmique, a whole awr sample from the canister 1s passed through a multisorbent packing
(including single adsorbent packings) contaned within a metal or glass tube maintained at or above the
surrounding air temperature. Depending on the water retention properties of the packing, some or most of the
water vapor passes completely through the trap during sampling. Additional drying of the sample 15
accomplished after the sample concentration 1s completed by forward purging the trap with clean, dry helium or
another inert gas (air is not used). The sample is then thermally desorbed from the packing and backflushed from
the trap onto a gas chromatograplic column. In some systems a "refocusing” trap 1s placed between the primary
trap and the gas chmomatographic column. The specific system design downstream of the primary trap depends
on technical factors such as the rate of thermal desorption and sampled volume, but the objective 1 most cases
15 to enhance chromatographic resolution of the individual sample components before detection on a mass
spectrometer.

9.1.3 Sample drymg strategies depend on the target list of compounds. For some target compound lists, the
multisorbent packing of the concentrator can be selected from lhiydrophobic adsorbents which allow a high
percentage of water vapor m the sample to pass through the concentrator during sampling and without significant
loss of the target compounds. However, if very volatile organic compounds are on the target list, the adsorbents
required for their retention may also strongly retamn water vapor and a more lengthy dry purge is necessary prior
to analysis.

9.1.4 With the second technique, a whole air sample 1s passed through a concentrator where the VOCs are
condensed on a reduced temperature surface (cold trap). Subsequently, the condensed gases are thermally
desorbed and backflushed from the trap with an mert gas onto a gas chromatographic column. This concentration
technique 1s similar to that discussed in Compendium Method TO-14, although a membrane dryer is not used
The sample size is reduced in volume to limit the amount of water vapor that 1s also collected (100 mL or less
may be necessary). The attendant reduction in sensitivity is offset by enhancing the sensitivity of detection, for
example by using an 1on trap detector.
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9.2 Preparation of Standards

9.2.1 Introduction.
9.2.1.1 When available, standard nuxtures of target gases in high pressure cylinders must be certified
traceable to a NIST Standard Reference Material (SRM) or to a NIST/EPA approved Certified Reference
Material (CRM). Manufacturer's certificates of analysis must be retained to track the expiration date.
9.2.1.2 The neat standards that are used for making trace gas standards must be of high purity; generally
a purity of 98 percent or better is commercially available.
9.2.1.3 Cylinder(s) containing approximately 10 ppmv of each of the target compounds are typically used
as primary stock standards. The components may be purchased m one cylinder or in separate cylinders depending
on compatibility of the compounds and the pressure of the mixture in the cylinder. Refer to manufacturer's
specifications for guidance on purchasing and mixing VOCs in gas cylinders.
9.2.2 Preparing Working Standards.
9.2.2.1 Instrument Performance Check Standard. Prepare a standard solution of BFB in humidified
zero air at a concentration which will allow collection of 50 ng of BFB or less under the optimized concentration
parameters.
9.2.2.2 Calibration Standards. Prepare five working calibration standards in humidified zero air at a
concentration which will allow collection at the 2, 5, 10, 20, and 50 ppbv level for each component under the
optimized concentration parameters.
9.2.2.3 Imternal Standard Spiking Mixture. Prepare an internal spiking nuxture contamming bromo-
chloromethane, chlorobenzene-d;, and 1.4-difluorobenzene at 10 ppmv each m hunudified zero air to be added
to the sample or calibration standard. 500 pL of this mixture spiked into 500 mL of sample will result in a
concentration of 10 ppbv. The internal standard is introduced mto the trap during the collection time for all
calibration, blank, and sample analyses using the apparatus shown in Figure 13 or by equivalent means. The
volume of internal standard spiking mixture added for each analysis must be the same from mn to rn.
9.2.3 Standard Preparation by Dynamic Dilution Technique.
9.2.3.1 Standards may be prepared by dynamuc dilution of the gaseous contents of a cylinder(s) contaming
the gas calibration stock standards with humidified zero air using mass flow controllers and a calibration
manifold. The working standard may be delivered from the manifold to a clean, evacuated canister using a pump
and mass flow controller.
9.2.3.2 Alternatrvely, the analytical system may be calibrated by sampling directly from the manifold 1f
the flow rates are optimized to provide the desired amount of calibration standards. However, the use of the
canister as a reservoir prior to introduction into the concentration system resembles the procedure normally used
to collect samples and is preferred. Flow rates of the dilution arr and cylinder standards (all expressed in the same
umts) are measured using a bubble meter or calibrated electronic flow measuring device, and the concentrations
of target compounds mn the manifold are then calculated using the dilution ratio and the original concentration of
each compound.

(Original Conc.) (Std. Gas Flowrate)
(Air Flowrate) + (Std. Gas Flowrate)

Mamfold Cone. =

9.2.3.3 Consider the example of 1 mL/mn flow of 10 ppmv standard diluted with 1.000 mL/min of humid
air provides a nominal 10 ppbv mixture, as calculated below:
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_ (10 ppm)(1 mL/mn)(1000 ppb/1 ppm)
(1000 mL/mun) + (1 mL/min)

Manifold Cone. = 10 ppb

9.2.4 Standard Preparation by Static Dilution Bottle Technique

[Note: Standards may be prepared in canisters by spiking the canister with a mixture of components prepared
in a static dilution bortle (12). This rechnique is used specifically for liquid standards.]

9.2.4.1 The volume of a clean 2-liter round-bottom flask, modified with a threaded glass neck to accept
a Mininert septum cap, 1s determined by weighing the amount of water required to completely fill up the flask.
Assuming a density for the water of 1 g/mL, the weight of the water in grams is taken as the volume of the flask
mn milliliters.

9.2.4.2 The flask 15 flushed with helmum by attaching a tubmg into the glass neck to deliver the helmm.
After a few munutes, the tubing is removed and the glass neck 1s immediately closed with a Minnert septum cap.

9.2.4.3 The flask 1s placed in a 60°C oven and allowed to equilibrate at that temperature for about
15 muinutes. Predetermined aliquots of liqud standards are mjected into the flask making sure to keep the flask
temperature constant at 60°C.

9.2.4.4 The contents are allowed to equilibrate m the oven for at least 30 minutes. To avoid condensation,
syringes must be preheated i the oven at the same temperature prior to withdrawal of aliquots to avoid
condensation

9.2.4.5 Sample aliquots may then be taken for mtroduction into the analytical system or for further
dilution. An aliquot or aliquots totaling greater than 1 percent of the flask volume should be avoided.

9.2.4.6 Standards prepared by this method are stable for one week. The septum must be replaced with
each freshly prepared standard

9.2.4.7 The concentration of each component in the flask is calculated using the following equation

V()
Concentration, mg/'L = ﬁ
Ve
where: V.= Volume of liquid neat standard injected into the flask, L.

d= Density of the liquid neat standard, mg/pL.
V.= Vohune of the flask L.

9.2.4.8 To obtain concentrations in ppbv, the equation given in Section 9.2.5.7 can be used.
[Note: In the preparation of standards by this technigue, the analyst should malke sure that the volume of neat
standard injected into the flask does not result in an overpressure due to the higher partial pressure produced
by the standard compared to the vapor pressure in the flask. Precautions should also be taken to avoid a
significant decrease in pressure inside the flask after withdrawal of aliguot(s).]

9.2.5 Standard Preparation Procedure in High Pressure Cylinders

[Note: Standards may be prepared in high pressure cylinders (13). A4 modified summary of the procedure
is provided below.]

9.2.5.1 The standard compounds are obtained as gases or neat liquids (greater than 98 percent purity).
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9.2.5.2 An aluminum cylinder 1s flushed with high-purity nitrogen gas and then evacuated to better than
25m Hg.

9.2.5.3 Predetermined amounts of each neat standard compound are measured using a microliter or
gastight syrnge and myected mto the cylmder. The cylinder 15 equippad with a heated mjection port and nitrogen
flow to facilitate sample transfer.

9.2.5.4 The cylinder 1s pressurized to 1000 psig with zero nitrogen.

[Note: User should read all SOPs associated with generating standards in high pressure cylinders. Follow
all safety requirements fo minimize danger from high pressure cylinders.]

9.2.5.5 The contents of the cylinder are allowed to equilibrate (~24 hrs) prior to withdrawal of aliquots
mto the GC system.
9.2.5.6 Ifthe neat standard 1s a gas, the cylinder concentration 1s determuned using the following equation:
Volume, 4.4

Concentration, ppbv = ——————— x 10°
Volume g0 -

[Note: Both values must be expressed in the same units.]

9.2.5.7 If the neat standard 1s a liquid. the gaseous concentration can be determined using the following
equations:

v - IET
P
and:
|- D@
MW
where: V= Gaseous volume of injected compound at EPA standard temperature (25°C) and
pressure (760 mm Hg), L.

n= Moles.
R = Gas constant, 0.08206 L-atm/mole “K.
T= 298°K (standard temperature).
P = 1 standard pressure, 760 mm Hg (1 atm).
mL = Volume of liquid injected, mL.
d = Density of the neat standard, g/mL.
MW = Molecular weight of the neat standard expressed, g/g-mole

The gaseous volume of the injected compound is divided by the eylinder volume at STP and then multiplied by
10° to obtain the component concentration in ppb units
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9.2.6 Standard Preparation by Water Methads
[Note: Standards may be prepared by a water purge and trap method (14) and summarized as follows].

9.2.6.1 A previously cleaned and evacuated canister 1s pressunized to 760 mm Hg absolute (1 atm) with
zero grade air.

9.2.6.2 The awr gauge 15 removed from the camster and the sparging vessel 1s connected to the canister with
the short length of 1/16 . stainless steel tubing

[Note: Extra effort should be made ro minimize possible areas of dead volume fo maximize transfer of
analytes from the water to the canister.]

9.2.6.3 A measured amount of the stock standard solution and the mternal standard solution 1s spiked mto
5 mL of water.

9.2.6.4 This water is transferred into the sparge vessel and purged with nitrogen for 10 mins at
100 mL/min. The sparging vessel 1s maintamed at 40°C

9.2.6.5 At the end of 10 nuns, the sparge vessel 1s removed and the air gange 1s re-mstalled, to further
pressurize the canister with pure nifrogen to 1500 mm Hg absolute pressure (approximately 29 psia).

9.2.6.6 The canister 15 allowed to equilibrate overnight before use.

9.2.6.7 A schematic of this approach is shown in Figure 14.

9.2.7 Preparation of Standards by Permeation Tubes.

9.2.7.1 Permeation tubes can be used to provide standard concentration of a trace gas or gases. The
permeation of the gas can occur from mside a permeation tube containing the trace species of interest to an air
stream outside. Permeation can also occur from outside a permeable membrane tube to an air stream passing
through the tube (e.g.. a tube of permeable material immersed in a liquid).

9.2.7.2 The permeation system 1s usually held at a constant temperature to generate a constant
concentration of frace gas. Commercial suppliers provide systems for generation and dilution of over
250 compounds. Some commercial suppliers of permeation fube equipment are listed in Appendix D.

9.2.8 Storage of Standards.

9.2.8.1 Working standards prepared in camsters may be stored for thirty days m an atmosphere free of
potential contaminants.

9.2.8.2 It1s imperative that a storage logbook be kept to document storage time.

10. GC/MS Operating Conditions

10.1 Preconcentrator

The following are typical cryogenie and adsorbent preconcentrator analytical conditions which, however, depend
on the specific combmation of solid sorbent and must be selectad carefully by the operator. The reader is referrad
to Tables 1 and 2 of Compendium Method TO-17 for gmdance on selection of sorbents. An example of a system
using a solid adsorbent preconcentrator with a cryofocusing trap 1s discussed in the hterature (15). Oven

temperature programming starts above ambient.

10.1.1 Sample Collection Conditions

Crvogenic Trap Adsorbent Trap
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Set point -150°C Set point 27°C
Sample volume -up to 100 mL Sample volume -up to 1,000 mL
Carrier gas purge flow - none Carrier gas purge flow - selectable

[Note: The analyst should optimize the flow rate, duration of sampling, and absolute sample volume to be
used. Other preconcentration systems may be used provided performance standards (see Section 11) are
realized.

10.1.2 Desorption Conditions

Crvogenic Trap Adsorbent Trap

Desorb Temperature 120°C Desorb Temperature Variable
Desorb Flow Rate ~ 3 mL/min He Desorb Flow Rate ~3 mL/min He
Desorb Time <60 sec Desorb Tiume <60 sec

The adsorbent trap conditions depend on the specific solid adsorbents chosen (see manufacturers’ specifications)

10.1.3 Trap Reconditioning Conditions.

Crvogenic Trap Adsorbent Trap

Initial bakeout 120°C (24 hrs) Initial bakeout

Variable (24 hrs)

After each run 120°C (5 muin) After each run Variable (5 mimn)

10.2 GC/MS System

10.2.1 Optimize GC conditions for compound separation and sensitivity. Baseline separation of benzene
and carbon tetrachloride on a 100% methyl polysiloxane stationary phase i1s an indication of acceptable
chromatographic performance.

10.2.2 The following are the recommended gas chromatographuc analytical conditions when using a 50-meter
by 0.3-mm ID.. 1 pm film thickness fused silica column with refocusing on the column.

Item Condition
Carrter Gas: Helmum
Flow Rate: Generally 1-3 mL/min as recommended by manufacturer
Temperature Program: Initial Temperature: -50°C
Initial Hold Time: 2 min
Ramp Rate: 8° C/min
Final Temperature: 200°C
Final Hold Time: Until all target compounds elute.

10.2.3 The following are the recommended mass spectrometer conditions:

Item Condition
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Electron Energy: 70 Volts (nominal)

Mass Range: 35-300 amu [the choice of 35 amu excludes the detection of some target compounds
such as methanol and formaldehyde, and the quantitation of others such as ethylene
oxide, ethyl carbamate. etc. (see Table 2). Lowering the mass range and using special
programming features available on modern gas chromatographs will be necessary in
these cases, but are not considered here.

Scan Time: To grve at least 10 scans per peak, not to exceed 1 second per scan]

A schematic for a typical GC/MS analytical system 1s illustrated in Figure 15.
10.3 Analytical Sequence

10.3.1 Introduction. The recommended GC/MS analytical sequence for samples during each 24-hour tune
period 1s as follows:

+ Perform mstrument performance check using bromofluorobenzene (BFB).
+ Initiate multi-point calibration or daily calibration checks.

+ Perform a laboratory method blank.

+ Complete this sequence for analysis of =20 field samples.

10.4 Instrument Performance Check

10.4.1 Summary. If is necessary to establish that a given GC/MS meets tuning and standard mass spectral
abundance criteria prior to mitiating any data collection. The GC/MS system is set up according to the
manufacturer’s specifications, and the mass calibration and resolution of the GC/MS system are then verified by
the analysis of the instrument performance check standard, bromofluorobenzene (BFB).

10.4.2 Frequency. Prior to the analyses of any samples, blanks, or calibration standards, the Laboratory
must establish that the GC/MS system meets the mass spectral ion abundance criteria for the mstrument
performance check standard contaimng BFB. The instrument performance check solution must be analyzed
mitially and once per 24-hour time period of operation.

The 24-hour time period for GC/MS instrument performance check and standards calibration (initial calibration
or daily calibration check criteria) begins at the injection of the BFB which the laboratory records as
documentation of a compliance fune.

10.4.3 Procedure. The analysis of the instrument performance check standard 1s performed by trapping 50
ng of BFB under the optimized preconcentration parameters. The BFB is introduced from a cylinder into the
GC/MS via a sample loop valve injection system similar to that shown in Figure 13.

The mass spectrum of BFB must be acquired in the following manner. Three scans (the peak apex scan and the
scans immediately preceding and following the apex) are acquired and averaged. Background subtraction 15
conducted using a single scan prior to the elution of BFB.

10.4.4 Technical Acceptance Criteria. Prior to the analysis of any samples, blanks, or calibration
standards, the analyst nst establish that the GC/MS system meets the mass spectral 10n abundance criteria for
the instrument performance check standard as specified in Table 3.

10.4.5 Corrective Action. If the BFB acceptance ciiteria are not met, the MS must be retuned. It may be
necessary to clean the 1on source, or quadrupoles, or take other necessary actions to achieve the acceptance
criteria.
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10.4.6 Documentation. Results of the BFB tuning are to be recorded and mamtamed as part of the
mstrumentation log.

10.5 Inmitial Calibration

10.5.1 Summary. Prior to the analysis of samples and blanks but after the mstrument performance check
standard criteria have been met, each GC/MS system must be calibrated at five concentrations that span the
monitoring range of interest in an mitial calibration sequence to determine instrument sensitivity and the linearity
of GC/MS response for the target compounds. For example, the range of mterest may be 2 to 20 ppbv, i1 which
case the five concentrations would be 1, 2. 5, 10 and 25 ppbv.

Omne of the calibration points from the initial calibration curve must be at the same concentration as the daily
calibration standard (e.g.. 10 ppbv).

10.5.2 Frequency. Each GC/MS system must be recalibrated following corrective action (e.g., 10n source
cleaning or repair, column replacement, ete.) which may change or affect the initial calibration criteria or if the
daily calibration acceptance criteria have not been met.

If time remains in the 24-hour time period after meeting the acceptance criteria for the initial calibration. samples
may be analyzed.

If time does not remam in the 24-hour pertod affer meeting the acceptance criteria for the mitial calibration, a new
analytical sequence shall commence with the analysis of the instrument performance check standard followed by
analysis of a daily calibration standard

10.5.3 Procedure. Venfy that the GC/MS system meets the mstrument performance criteria in Section 10.4.

The GC must be operated using temperature and flow rate parameters equivalent to those m Section 10.2.2.
Calibrate the preconcentration-GC/MS system by drawing the standard into the system. Use one of the standards
preparation techniques described under Section 9.2 or equivalent.

A mumum of five concentration levels are needed to determine the instrument sensitivity and linearity. One of
the calibration levels should be near the detection level for the compounds of interest. The calibration range
should be chosen so that linear results are obtamed as defined m Sections 10.5.1 and 10.5.5.

Quantitation 1ons for the target compounds are shown in Table 2. The primary 1on should be used unless
mterferences are present, in which case a secondary ion 1s used
10.5.4 Calculations.

[Note: In the following calculations, an internal standard approach is used to calculate response factors.
The area response used is that of the primary quantitation ion unless otherwise stated ]

10.5.4.1 Relative Response Factor (RRF). Calculate the relative response factors for each target
compound relative to the appropriate internal standard (1 e, standard with the nearest retention time) using the
following equation:

4G
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where: REF = Relative response factor.
A = Area of the primary 10n for the compound to be measured, counts.
A, = Area of the primary ion for the internal standard, counts.
C,, = Concentration of internal standard spiking nuxture. ppbv.
C, = Concentration of the compound in the calibration standard, ppbv.

[Note: The equation above is valid under the condition that the volume of internal standard spiking mixture
added in all field and OC analyses is the same from run to run, and that the volume of field and QC sample
introduced into the trap is the same for each analysis. C, and C, must be in the same units. J

10.5.4.2 Mean Relative Response Factor. Calculate the mean RRF for each compound by averaging
the values obtamed at the five concentrations using the following equation:

i
1=1 11

where: RRF = Mean relative response factor.

%; = RRF of the compound at concentration i.

1 = Number of concentration values, in this case 5.
10.5.4.3 Percent Relative Standard Deviation (20RSD). Using the RRFs from the 1mtial calibration,
calculate the 2%RSD for all target compounds using the following equations:

SD
%RSD = —=% ¥ 100

RRF

and

where: SD,.. = Standard deviation of initial response factors (per compound).
RRF;= Relative response factor at a concentration level 1.
RRF = Mean of initial relative response factors (per compound).

10.5.4.4 Relative Retention Times (RRT). Calculate the RRTs for each target compound over the initial
calibration range using the following equation:

RT,
RRT =
RT,
where: RT.= Retention time of the target compound, seconds

RT. = Retention time of the mtemal standard, seconds.
10.5.4.5 Mean of the Relative Retention Times (RRT). Calculate the mean of the relative retention
times (RRT) for each analyte target compound over the initial calibration range using the following equation:
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N L T
RRT = Y,
-1 n
where: RRT = Mean relative retention time for the target compound for each initial calibration

standard.
RRT = Relative retention time for the target compound at each calibration level.
10.5.4.6 Tabulate Primary Ion Area Response (Y) for Internal Standard. Tabulate the area response
(Y) of the prumary ions (see Table 2) and the corresponding concentration for each compound and internal
standard

10.5.4.7 Mean Area Response (Y) for Internal Standard. Calculate the mean area response (Y) for

each internal standard compound over the mitial calibration range using the following equation:
n o+
v-y54
1=1

n

where: Y = Mean area response.
Y = Arearesponse for the prunary quantitation ion for the internal standard for each 1mitial
calibration standard.
10.5.4.8 Mean Retention Times (RT). Calculate the mean of the retention times (RT ) for each internal
standard over the mitial ealibration range using the following equation:

RT,

n

RT =

[]=

where: RT = Mean retention time, seconds
RT = Retention time for the internal standard for each initial calibration standard, seconds
10.5.5 Technical Acceptance Criteria for the Initial Calibration.
10.5.5.1 The calculated %RSD for the RRF for each compound m the calibration table must be less than
30% with at most two exceptions up to a limit of 40%.

[Nore: This exception may not be acceprable for all projects. Many projects may have a specific targer list
of compounds which would require the lower limit for all compounds.]

10.5.5.2 The RRT for each target compound at each calibration level must be withiin 0.06 RRT units of
the mean RRT for the compound.

10.5.5.3 The area response Y of at each calibration level must be within 40% of the mean area response Y
over the initial calibration range for each internal standard.

10.5.5.4 The retention time shift for each of the internal standards at each calibration level must be within
20 s of the mean retention tune over the imtial calibration range for each mternal standard.

10.5.6 Carrective Action.

10.5.6.1 Criteria. If the mitial calibration technical acceptance criteria are not met, inspect the system
for problems. It may be necessary to clean the 10n source, change the column, or take other corrective actions to
meet the muitial calibration technical acceptance criteria.

10.5.6.2 Schedule. Initial calibration acceptance criteria must be met before any field samples,
performance evaluation (PE) samples, or blanks are analyzed.
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10.6 Daily Calibration

10.6.1 Summary. Prior to the analysis of samples and blanks but after tumng criteria have been met, the
mntial calibration of each GC/MS system must be routinely checked by analyzing a daily calibration standard to
ensure that the instrument continues to remain under control. The daily calibration standard, which is the nominal
10 ppbv level calibration standard, should contam all the target compounds.

10.6.2 Frequency. A check of the calibration curve must be performed once every 24 hours on a GC/MS
system that has met the tuning criteria. The daily calibration sequence starts with the injection of the BFB. If
the BFB analysis meets the 1on abundance eriteria for BFB. then a daily calibration standard may be analyzed.

10.6.3 Procedure. The nud-level calibration standard (10 ppbv) 1s analyzed i a GC/MS system that has
met the tuning and mass calibration criteria following the same procedure in Section 10.5.

10.6.4 Calculations. Perform the following calculations

[Note: As indicated earlier, the area response of the primary quantitation ion is used unless otherwise
stated.]

10.6.4.1 Relative Response Factor (RRF). Calculate a relative response factor (RRF) for each target
compound using the equation n Section 10.5.4.1.

10.6.4.2 Percent Difference (%0D). Calculate the percent difference in the RRF of the daily RRF
(24-hour) compared to the mean RRF in the most recent initial calibration. Calculate the %D for each target
compound using the following equation:

RRF, - RRF;
%D = x 100
RRF;
where: RRF_= RRF of the compound in the continuing calibration standard

RRF; = Mean RRF of the compound in the most recent mitial calibration.

10.6.5 Technical Acceptance Criteria. The daily calibration standard must be analyzed at the
concentration level and frequency described in this Section 10.6 and on a GC/MS system meeting the BFB
mstrument performance check criteria (see Section 10.4).

The %D for each target compound in a daily calibration sequence must be within £30 percent m order to proceed
with the analysis of samples and blanks. A control chart showing %D values should be maintained.

10.6.6 Corrective Action. If the daily calibration technical acceptance criteria are not met, inspect the
system for problems. It may be necessary to clean the ion source, change the column, or take other corrective
actions to meet the daily calibration technical acceptance eritena.

Daily calibration acceptance criteria must be met before any field samples, performance evaluation (PE) samples
or blanks are analyzed. Ifthe % D critera are not met, 1t will be necessary to rerun the daily calibration sample.

10.7 Blank Analyses

10.7.1 Swinmary. To monitor for possible laboratory contamination, laboratory method blanks are analyzed
at least once 1n a 24-hour analytical sequence. All steps m the analytical procedure are performed on the blank
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using all reagents, standards, equipment. apparatus, glassware, and solvents that would be used for a sample
analysis.

A laboratory method blank (LMB) 1s an unused, certified canister that has not left the laboratory. The blank
caster 15 pressurized with humidified, ultra-pure zero air and camied through the same analytical procedure as
a field sample. The injected aliquot of the blank must contain the same amount of internal standards that are
added to each sample.

10.7.2 Frequency. The laboratory method blank must be analyzed after the calibration standard(s) and
before any samples are analyzed.

Whenever a lugh concentration sample 1s encountered (i.e., outside the calibration range), a blank analysis should
be performed immediately after the sample 1s completed to check for carryover effects.

10.7.3 Procedure. Fill a cleaned and evacuated canister with hunmdified zero air (RH =20 percent, at 25°C).
Pressurize the contents to 2 atm.

The blank sample should be analyzed using the same procedure outlined under Section 10.8

10.7.4 Calculations. The blanks are analyzed similar to a field sample and the equations in Section 10.5.4
apply.

10.7.5 Technical Acceptance Criteria. A blank camster should be analyzed daily.

The area response for each mternal standard (IS) m the blank must be within +40 percent of the mean area
response of the IS in the most recent valid calibration.

The retention time for each of the internal standards must be within 0 33 minutes between the blank and the
most recent valid calibration.

The blank should not contain any target analyte at a concentration greater than its quantitation level (three times
the MDL as defined i Section 11.2) and should not contain additional compounds with elution characteristics
and mass spectral features that would mterfere with identification and measurement of a method analyte.

10.7.6 Corrective Action. If the blanks do not meet the technical acceptance criteria, the analyst should
consider the analytical system to be out of control. It is the responsibility of the analyst to ensure that
contamnants i solvents, reagents, glassware, and other sample storage and processing hardware that lead to
discrete artifacts and/or elevated baselines in gas clwomatograms be eliminated. If contanunation is a problem,
the source of the contamination must be investigated and appropriate corrective measures need to be taken and
documented before further sample analysis proceeds.

If an analyte m the blank 1s found to be out of control (1.e., contaminated) and the analyte 1s also found mn
associated samples, those sample results should be "flagged” as possibly contaminated.

10.8 Sample Analysis
10.8.1 Summary. An aliquot of the awr sample from a camster (e.g.. 500 mL) 15 preconcentrated and
analyzed by GC/MS under conditions stated in Sections 10.1 and 10.2. If using the multisorbent/dry purge

approach, adjust the dry purge volume to reduce water effects in the analytical system to manageable levels.

[Note: The analyst should be aware that pressurized samples of high humidity samples will contain
condensed water. As a result, the humidity of the sample released from the canister during analysis will vary
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in humidity, being lower at the higher canister pressures and increasing in humidity as the canister pressures
decreases. Storage integrity of water soluble compounds may also be affected.]

10.8.2 Frequency. If time remains in the 24-hour period in which an initial calibration is performed,
samples may be analyzed without analysis of a daily calibration standard.

If time does not remain in the 24-hour period smce the injection of the instrument performance check standard
m which an 1mtial calibration is performed, both the mstrument performance check standard and the daily
calibration standard should be analyzed before sample analysis may begin.
10.8.3 Procedure for Instrumental Analysis. Perform the following procedure for analysis.

10.8.3.1 All canister samples should be at temperature equilibrium with the laboratory

10.8.3.2 Check and adjust the mass flow controllers to provide correct flow rates for the system.

10.8.3.3 Connect the sample canister to the inlet of the GC/MS analytical system, as shown in Figure 15
[Figure 16 shows an alternate two stage concentrator using multisorbent traps followed by a trap cooled by a
closed eycle cooler (15)]. The desired sample flow is established through the six-port chromatographic valve and
the preconcentrator to the downstream flow controller. The absolute volume of sample being pulled through the
trap must be consistent from run to run.

10.8.3.4 Heat/cool the GC oven and cryogenic or adsorbent trap to thewr set points. Assuming a six-port
value 1s being used, as soon as the trap reaches its lower set point. the six-port chromatographic valve 1s cycled
to the trap position to begin sample collection. Utilize the sample collection time which has been optimized by
the analyst.

10.8.3.5 Use the arrangement shown m Figure 13, (1.e., a gastight syringe or some alternate method)
mtroduce an nternal standard during the sample collection period. Add sufficient internal standard equivalent
to 10 ppbv in the sample. For example, a 0.5 mL volume of a mixfure of internal standard compounds, each at
10 ppmv concentration, added to a sample volume of 500 mL, will result in 10 ppbv of each mternal standard
i the sample.

10.8.3.6 After the sample and internal standards are preconcentrated on the trap, the GC sampling valve
15 cycled to the inject position and the trap 1s swept with helmm and heated. Assuming a focusing trap 1s being
used, the trapped analytes are thermally desorbed onto a focusing trap and then onto the head of the capillary
column and are separated on the column using the GC oven temperature program. The canister valve is closed
and the canister 15 disconnected from the mass flow controller and capped. The trap i1s maintained at elevated
temperature until the begimmng of the next analysis.

10.8.3.7 Upon sample mjection onto the column, the GC/MS system 1s operated so that the MS scans the
atomuc mass range from 35 to 300 amu. At least ten scans per eluting chromatographic peak should be acquired
Scanning also allows identification of unknown compounds in the sample through searching of library spectra

10.8.3.8 Each analytical run must be checked for saturation. The level at which an mdividual compound
will saturate the detection system 1s a function of the overall system sensitivity and the mass spectral
characteristics of that compound.

10.8.3.9 Secondary 1on quantitation 1s allowed only when there are sample matrix interferences with the
primary 1on. If secondary 1on quantitation is performed, document the reasons in the laboratory record book.

10.8.4 Calculations. The equation below 1s used for calculating concentrations.

AC,Dr
*  ARRF
where: C, = Compound concentration, ppbv.
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A_= Area of the characteristic 10n for the compound to be measured, counts.
A, = Area of the characteristic ion for the specific internal standard, counts.

C;, = Concentration of the internal standard spiking mixture, ppbv
RRF = Mean relative response factor from the mitial calibration.

DF = Dilution factor calculated as deseribed in section 2. If no dilution 1s performed. DF
=1

[Note: The equation above is valid under the condition that the volume (~300 uL) of internal standard
spiking mixture added in all field and OC analyses is the same from run to run, and that the volume (~500 mL)
of field and QC sample introduced into the trap is the same for each analysis.]

10.8.5 Technical Acceptance Criteria.

[Note: If the most recent valid calibration is an initial calibration, internal standard area responses and RTs
in the sample are evaluated against the corresponding internal standard area responses and RTs in the mid
level standard (10 ppbv) of the initial calibration.]

10.8.5.1 The field sample must be analyzed on a GC/MS system meeting the BFB tuning, initial
calibration, and continuing calibration technical acceptance criteria at the frequency described i Sections 104,
10.5and 10.6.

10.8.5.2 The field samples must be analyzed along with a laboratory method blank that met the blank
technical acceptance criteria.

10.8.5.3 All of the target analyte peaks should be within the initial calibration range.

10.8.5.4 The retention tume for each internal standard must be within =033 minutes of the retention time
of the internal standard in the most recent valid calibration.

10.8.6 Corrective Action. If the on-column concentration of any compound in any sample exceeds the

mitial calibration range, an aliquot of the original sample must be diluted and reanalyzed. Guwdance m
performing dilutions and exceptions to this requirement are given below.

+ Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration range.

+ The dilution factor chosen should keep the response of the largest analyte peak for a target compound in
the upper half of the imitial calibration range of the mstrument.

[Note: Analysis invelving dilution should be reported with a dilution factor and nature of the dilution gas.]

10.8.6.1 Internal standard responses and retention times must be evaluated during or immediately after
data acquisition. If the retention time for any internal standard changes by more than 20 sec from the latest daily
(24-hour) calibration standard (or mean retention time over the mitial calibration range). the GC/MS system must
be mspected for malfunctions, and corrections made as required

10.8.6.2 If the area response for any internal standard changes by more than +40 percent between the
sample and the most recent valid calibration. the GC/MS system must be mspected for malfunction and
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corrections made as appropriate. When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning 15 necessary.

10.8.6.3 If. after reanalysis, the area responses or the RTs for all internal standards are inside the control
limits, then the problem with the first analysis 1s considered to have been within the control of the Laboratory.
Therefore, subnut only data from the analysis with SICPs within the limits. This 1s considered the initial analysis
and should be reported as such on all data deliverables.

11. Requirements for Demonstrating Method Acceptability for VOC Analysis from Canisters
11.1 Introduction

11.1.1 There are three performance criteria which must be met for a system to qualify under Compendiuim
Method TO-15. These criteria are: the method detection limit of =0.5 ppbv, replicate precision within 25 percent
and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to
25 ppbv).

11.1.2 Either SIM or SCAN modes of operation can be used to achieve these criteria, and the choice of mode
will depend on the number of target compounds, the decision of whether or not to determine tentatively identified
compounds along with other VOCs on the target list, as well as on the analytical system characteristics

11.1.3 Specific crtena for each Title IIT compound on the target compound list must be met by the analytical
system. These criteria were established by examining summary data from EPA's Toxics Air Monitoring System
Network and the Urban Air Toxics Monitoring Program network. Details for the determination of each of the
criteria follow.

11.2 Method Detection Limit

11.2.1 The procedure chosen to define the method detection limit 15 that given in the Code of Federal
Regulations (40 CFR 136 Appendix B)

11.2.2 The method detection limit is defined for each system by making seven replicate measurements of the
compound of interest at a concentration near (within a factor of five) the expected detection limit. computing the
standard deviation for the seven replicate concentrations, and multiplying this value by 3.14 (1e.. the Student's
t value for 99 percent confidence for seven values). Employing this approach, the detection limits given
Table 4 were obtained for some of the VOCs of mterest.

11.3 Replicate Precision
11.3.1 The measure of replicate precision used for this program is the absclute value of the difference

between replicate measurements of the sample divided by the average value and expressed as a percentage as
follows:

X X
percent difference = % x 100
X
where: ¥, = First measurement value.
¥, = Second measurement value.
X = Average of the two values.
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11.3.2 There are several factors which may affect the precision of the measurement. The nature of the
compound of mterest itself such as molecular weight. water solubility. polarizability, ete., each have some effect
on the precision, for a given sampling and analytical system. For example. styrene, which 1s classified as a polar
WVOC. generally shows slightly poorer precision than the bulk of nonpolar VOCs. A primary influence on
precision 1s the concentration level of the compound of interest 1n the sample. 1.e., the precision degrades as the
concentration approaches the detection liimt. A conservative measure was obtained from replicate analysis of
"real world" canister samples from the TAMS and UATMP networks. These data are summarized in Table 5
and suggest that a replicate precision value of 25 percent can be achieved for each of the target compounds.

11.4 Audit Accuracy

11.4.1 A measure of analytical accuracy 1s the degree of agreement with audit standards. Audit accuracy 1s
defined as the difference between the nominal concentration of the audit compound and the measured value
divided by the andit value and expressed as a percentage, as illustrated m the following equation:

Spiked Value - Observed Value x
Spiked Value

Audit Accuracy, % = 100

11.4.2 Audit accuracy results for TAMS and UATMP analyses are summarized i Table 6 and were used
to form the basis for a selection of 30 percent as the performance criterion for audit accuracy.
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APPENDIX A.

LISTING OF SOME COMMERCIAL WATER
MANAGEMENT SYSTEMS USED WITH AUTOGC SYSTEMS

Tekmar Dohrman Company
7143 East Kemper Road

Post Office Box 429576
Cincinnati, Ohio 45242-9576
(513) 247-7000

(513) 247-7050 (Fax)

(800) 543-4461

[Moisture control module]

Entech Laboratory Automation
950 Enchanted Way No. 101
Simi Valley, California 93065
939

27-5687 (Fax)
[Microscale Purge and Trap]

Dynatherm Analytical Instruments
Post Office Box 159

Kelton, Pennsylvama 19346
(215) 869-8702

(215) 869-3885 (Fax)

[Thermal Desorption System]

XonTech Inc.

6862 Hayenhurst Avenue

WVan Nuys, CA 91406

(818) 787-7380

(818) 787-4275 (Fax)
[Multi-adsorbent trap/dry purge]

Graseby

500 Technology Ct.

Smyrna, Georgia 30082
(770) 319-9999

(770) 319-0336 (Fax)

(800) 241-6898

[Controlled Desorption Trap]

Varian Chromatography System

2700 Mitchell Drive

Walnut Creek, California 94898

(510) 945-2196

(510) 945-2335 (FAX)

[Variable Temperature Adsorption Trap]
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APPENDIX B.
COMDMENT ON CANISTER CLEANING PROCEDURES

The canister cleaning procedures given in Section 8.4 require that canister pressure be reduced to <0.05mm Hg
before the cleanmg process 15 complete. Depending on the vacuum system design (diameter of connecting tubing,
valve restrictions, etc.) and the placement of the vacuum gauge. the achievement of this value may take several
hours. Inany case, the pressure gauge should be placed near the canisters to determine pressure. The objective
of requiring a low pressure evacuation during canister cleaning 1s to reduce contaminants. If canisters can be
routmely certified (<0.2 ppbv for target compounds) while usmg a higher vacuum, then this enteria can be
relaxed. However, the ultimate vacuum achieved during cleaning should always be <0.2mm Hg.

Canister cleaning as described in Section 8.4 and illustrated in Figure 10 requires components with special
features. The vacuum gauge shown in Figure 10 must be capable of measuring 0.05mm Hg with less than a
20% error. The vacuum pump used for evacuating the canister must be noncontaminating while being capable
of achieving the 0.05 mm Hg vacuum as monitored near the canisters. Thermoelectric vacuum gauges and
turbomolecular drag pumps are typically being used for these two components.

An alternate to achieving the canister certification requirement of <0.2 ppbv for all target compounds is the
criteria used i Compendium Method TO-12 that the total carbon count be <10ppbC. This check is less
expensive and typically more exacting than the current certification requirement and can be used if proven to be
equivalent to the original requirement. This equivalency must be established by comparmg the total nonmethane
organic carbon (TNMOC) expressed m ppbC to the requirement that individual target compounds be <0.2 ppbv
for a series of analytical runs.
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LISTING OF COMMERCIAL MANUFACTURERS AND RE-SUPPLIERS OF
SPECIALLY-PREPARED CANISTERS

BRC/Rasmussen

17010 NW Skyline Blvd.
Portland, Oregon 97321
(503) 621-1435

Meriter

1790 Potrero Drive
San Jose, CA 95124
(408) 265-6482

Restek Corporation

110 Benner Circle
Bellefonte, PA 16823-8812
(814) 353-1300

(800) 356-16388

Scientific Instrumentation Specialists
P.O. Box 8941

815 Courtney Street

Moscow, ID 83843

(208) 882-3860

Graseby

500 Technology Ct.
Smyrna, Georgia 30082
(404) 319-9999

(800) 241-6898

XonTech Inc

6862 Hayenhurst Avenue
Van Nuys, CA 91406
(818) 787-7380

APPENDIX C.
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APPENDIX D.
LISTING OF COMMERCIAL SUPPLIERS OF PERMEATION TUBES AND SYSTEMS

Kimn-Tek

504 Laurel St.
Lamarque, Texas 77568
(409) 938-3627

(800) 326-3627

Vicil Metronics, Inc.
2991 Corvin Drive
Santa Clara, CA 95051
(408) 737-0550

Analytical Instrument Development, Inc.
Rt. 41 and Newark Rd.

Avondale, PA 19311

(215) 268-3181

Ecology Board, Inc
9257 Independence Ave.
Chatsworth, CA 91311
(213) 882-6795

Tracor, Inc.

6500 Tracor Land
Austin, TX

(512) 926-2800

Metronics Associates, Inc.
3201 Potter Drive
Standford Industrial Park
Palo Alto, CA 94304
(415) 493-5632
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Method TO-15 VOCs
TABLE 2. CHARACTERISTIC MASSES (M/Z) USED FOR QUANTIFYING
THE TITLE III CLEAN AIR ACT AMENDMENT COMPOUNDS
Compound CASNo. | Primarylon | Secondarylon
Methyl chloride (chloromethane): CH3CL 74-87-3 50 52
Carbonyl sulfide: COS 463-58-1 60 62
Vinyl chloride (chloroethene); C2H3CL 75-01-4 62 64
Diazomethane; CH2N2 334-88-3 42 41
Fonmaldehyde; CH20 50-00-0 20 30
1.3-Butadiene; C4H6 106-00-0 30 54
Methyl bromide (bromomethane); CH3Br 74-83-0 94 26
Phosgene; CC120 75-44-5 63 65
Vinyl bromide (bromoethene): C2H3Br 503-60-2 106 108
Ethylene oxde; C2H40 75-21-8 29 44
Ethvl chloride (chloroethane); C2HSCL 75-00-3 64 66
Acetaldehvde (ethanal); C2H40 75-07-0 44 29, 43
Vinylidene chloride (1,1-dichloroethylene); C2H2CI2 75-354 61 06
Propylene oxide; C3H60 75-56-9 58 57
Methyl iodide (jodomethane); CH3I 74-88-4 142 127
Methylene chlonide; CH2CI2 75-00-2 40 84, 86
Methyl 1socyanate; C2H3INO 624-83-9 57 56
Allvl chleride (3-chloropropene); C3HS5CL 107-05-1 16 41,78
Carbon disulfide; CS2 75-15-0 76 44, 78
Methyl tert-butyl ether: C5H120 1634-04-4 73 41, 53
Propionaldehyde; C2HSCHO 123-38-6 58 20, 57
Ethylidene dichloride (1.1-dichloroethane); C2H4C12 73-34-3 63 63, 27
Chleroprene (2-chloro-1,3-butadiene); C4H5C1 126-00-8 88 53,90
Chloromethyl methyl ether: C2H5CIO 107-30-2 45 20, 40
Acrolein (2-propenal); C3H40 107-02-8 56 55
1,2-Epoxybutane (1.2-butylene oxide): C4HB0 106-88-7 42 41,72
Chloroform; CHCL3 67-66-3 83 85,47
Ethvleneimine (aziridine); C2HSN 151-56-4 42 43
1,1-Dimethylhydrazine; C2HEN2 57-14-7 60 45, 30
Hexane; C6H14 110-54-3 57 41. 43
1.2-Propyleneimine (2-methylazindine); C3IHTN 75-55-8 56 57,42
Acrylomtrile (2-propenenitrile); C3H3N 107-13-1 53 52
Methyl chloroform (1.1.1 trichloroethane); C2HICI3 71-55-6 97 99, 61
Methanol; CH40 67-56-1 31 20
Carbon tetrachloride; CCl4 56-23-5 117 119
Vinyl acetate; C4H602 108-05-4 43 86
Methvl ethyvl ketone (2-butanone): C4H80 78-93-3 43 72
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VOCs

Method TO-15

TABLE 2. (continued)

Compound CAS No Primary lon Secondary Ion
Benzene: C6HG 71-43-2 78 77.50
Acetonitrile (cyanomethane); C2H3IN 75-05-8 41 40
Ethvlene dichloride (1,2-dichloroethane); C2H4C12 107-06-2 62 64,27
Triethylamine; C6HISN 121-44-8 86 58,101
Methvihydrazine: CHON2 60-34-4 46 31.45
Propylene dichlonde (1.2-dichloropropane); CIH6CI2 78-87-5 63 41.62
2.2 4-Trimethyl pentane; C8HI18 540-84-1 57 41, 56
1.4-Dioxane (1.4 Diethylene oxide); C4HSO2 123-01-1 88 58
Bis{chloromethyl) ether; C2H4C120 542-88-1 79 49, 81
Ethyl acrylate; C5H802 140-88-5 55 73
Methyl methacrylate; CSHE02 80-62-6 41 69, 100
1.3-Dichloropropene; C3H4C12 (cis) 542-75-6 75 39,77
Toluene. C7HS 108-88-3 o1 92
Trichloethylene; C2HCI3 72-01-6 130 132,05
1.1.2-Trichloroethane: C2H3CI3 70-00-5 97 83, 61
Tetrachloroethylene; C2C14 127-18-4 164, 131
Epichlorofrydrin (1-chloro-2.3-epoxy propane); C3HSC10 106-89-8 49. 62
Ethylene dibromide (1,2-dibromoethane); C2H4Br2 106-93-4 100
N-Nitrso-N-methylurez; C2ZHSN302 684-03-5 60 44,103
2-Nitropropane; C3HTNO2 79-45-9 43 41
Chlorobenzene; CEHICIL 108-00-7 112 77.114
Ethylbenzene: CSHI10 100-41-4 91 106
Xylenes (isomer & mixtures); C8H10 1330-20-7 01 106
Styrene; C8HS 100-42-5 104 78,103
p-Xylene; C8HI0 106-42-3 91 106
m-Xylene; CSH10 108-38-3 91 106
Methyl 1sobuty] ketone (hexone); C6H120 108-10-1 43 58, 100
Bromoform (tribromomethane); CHBr3 75-25-2 173 171,175
1.1.2.2-Tetrachloroethane; C2H2CI4 79-34-5 83 83
o-Xylene; CEHI0 05-47-6 91 106
Dimethylcarbamyl chloride; CIHSCINO 70-44-7 72 107
N-Nitrosedimethylammne; C2HEN20 62-75-9 74 42
Beta-Propiolactone; C3H402 57-37-8 42 43
Cumene (isopropylbenzene): COH12 08-82-8 105 120
Acrylic acid; C3H402 70-10-7 72 45, 55
N.N-Dimethylformamide; C3HTNO 68-12-2 73 42,44
1.3-Propane sultone: CIHGO3S 1120-71-4 58 65,122
TABLE 2. (continued)
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VOCs

Compound CASNo. | Pomarylon | Secondary lon
Acetophenone: CSH80 08-86-2 105 77.120
Dimethyl sulfate; CXH604S 77-78-1 25 66.96
Benzyl chloride (a-chlorotoluene): CTHTC1 100-44-7 21 126
1,2-Dibromo-3-chloropropane; C3H5Br2Cl 06-12-8 57 155, 157
Bis(2-Chloroethyl)ether; C4HECI20 111-44-4 93 63,95
Chloroacetic acid; C2ZH3C102 79-11-8 30 45. 60
Aniline (aminobenzene); C6HTN 62-53-3 03 66
1.4-Dichlorobenzene (p-); C6H4CL2 106-46-7 146 148, 111
Ethyl carbamate (urethane); C3HTNO2 51-79-6 31 44 62
Acrylamide; C3HSNO 70-06-1 44
N.N-Dimethylaniline: CSHIIN 121-60-7 120 77,121
Hexachloroethane; C2C16 67-72-1 201 100, 203
Hexachlorobutadiene; C4C16 8§7-68-3 225 227,223
Isophorone; COH140 78-39-1 82 138
N-Nitrosomorpholine; C4HEN202 50-89-2 56 86, 116
Styrene oxide; C8HBO 06-09-3 91 120
Diethyl sulfate; C4H1004S 64-67-5 45 50,130
Cresylic acid (cresol 1somer mixture); C7THSO 1319-77-3
o-Cresol: CTHEO 05-48-7 108 107
Catechol (o-hydroxyphenol): C6H602 120-80-0 110 64
Phenol; C6H60 108-95-2 94 66
1.2.4-Trichlorobenzene; C6H3CI3 120-82-1 180 182, 184
Nitrobenzene: C6HSNO2 08-05-3 77 51,123
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Method TO-15

TABLE 3. REQUIRED BFB KEY IONS AND
ON ABUNDANCE CRITERIA

Mass Ion Abundance Criteria'

50 8.0 to 40.0 Percent of m/e 95
75 30.0 to 66.0 Percent of m/e 95
95 Base Peak, 100 Percent Relative Abundance
96 5.0 to 9.0 Percent of m/e 95 (See note)

173 Less than 2.0 Percent of m/e 174

174 50.0 to 120.0 Percent of m/e 95

175 4.0 to 9.0 Percent of m/e 174

176 93.0 to 101.0 Percent of m/e 174

177 5.0 to 9.0 Percent of m/e 176

'All ton abundances must be normalized to m/z 95, the

nomuinal base peak. even though the ion abundance of m/z
174 may be up to 120 percent that of m/z 95
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Method TO-15

VOCs

TABLE 4. METHOD DETECTION LIMITS (MDL)!

TO-14A List Lab #1, SCAN Lab #2, SIM
Benzene 0.34 0.20
Benzyl Chloride — -
Carbon tetrachloride 0.42 0.15
Chlorobenzene 0.34 0.02
Chloroform 025 0.07
1.3-Dichlorobenzene 036 0.07
1.2-Dibromoethane — 0.05
1 4-Dichlorobenzene 0.70 0.12
1.2-Dichlorobenzene 0.44 -
1.1-Dichloroethane 0.27 0.05
1.2-Dichloroethane 024 -
1.1-Dichloroethene — 0.22
cis-1,2-Dichloroethens - 0.06
Methylene chlonide 138 0.84
1.2-Dichloropropane 0.21 —
cis-1,3-Dichloropropene 0.36 -
frans-1.3-Dichloropropene 0.22 —
Ethylbenzene 0.27 0.05
Chloroethane 0.19 -
Trichlorofluoromethane - -
1.1.2-Trichloro-1.2. 2-trifluoroethane -
1.2-Dichloro-1.1.2 2-tetrafluoroethane — -
Dichlorodifluoromethane - -
Hexachlorobutadiene = -
Bromomethane 0.53 -
Chloromethane 0.40 -
Styrene 1.64 0.06
1.1.2.2-Tetrachloroethane 0.28 0.09
Tetrachloroethene 0.75 0.10
Toluene 0.99 0.20
1.2 4-Trichlorobenzene - -
1.1.1-Trichloroethane 0.62 0.21
1.1.2-Trichloroethane 0.50 -
Trichloroethene 0.45 0.07
1.2 4-Trimethvlbenzene - -
1.3.5-Trimethyibenzene — —
Vinyl Chloride 0.33 0.48
mp-Xylene 0.76 0.08
o-Xylene 0.57 0.28

"Method Detection Limits (MDLs) are defined as the product of the standard
deviation of seven replicate analyses and the student's "t" test value for 99%
confidence. For Lab #2. the MDLs represent an average over four studies

MDLs are for MS/SCAN for Lab #1 and for MS/SIM for Lab #2.
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VOCs

Method TO-15

TABLE 5. SUMMARY OF EPA DATA ON REPLICATE PRECISION (RP)
FROM EPA NETWORK OPERATIONS'

EPA’s Urban Air Toxics Monitoring EPA's Toxics Air Monitoring Stations

. Program (UATMP) (TAMS)
Monitoring Compound
Identification %RP # ppbv %RP # ppbv
Dichlorodifluoromethane -- -- 139 47 0.9
Methylene chloride 16.3 a7 43 19.4 47 0.6
1.2-Dichloroethane 36.2 31 1.6 - -- --
1.1.1-Trichloroethane 14.1 44 1.0 10.6 47 20
Benzene 123 56 1.6 4.4 47 L5
Trichloroethene 12.8 08 1.3 - -- --
Toluene 14.7 76 3l 34 47 3l
Tetrachloroethene 36.2 2 0.8 - - -
Chlorobenzene 203 2 0.9 - - -
Ethylbenzene 14.6 2 0.7 5.4 47 0.5
m-Xylene 14.7 75 4.0 53 47 1.5
Styrene 22. 592 1.1 8.7 47 0.2
o-Xylene -- -- 6.0 47 0.5
p-Xylene --
1.3-Dichlorobenzene 49.1 06 0.6 - - -
1.4-Dichlorobenzene 14.7 14 6.5 - - -

!Denotes the number of replicate or duplicate analysis used to generate the statistic. The replicate precision 15

defined as the mean ratio of absolute difference to the average value.
styrene and o-xylene coelute from the GC column used in UATMP. For the TAMS entries. both values were
below detection limits for 18 of 47 replicates and were not included in the calculation.

TABLE 6. AUDIT ACCURACY (AA) VALUES' FOR SELECTED
COMPENDIUM METHOD TO-14A COMPOUNDS

Selected Compounds From TO-14A List FY-88 TAMS AA(%), N=30 FY-88 UATMP AA(%), N=3
Vinyl chloride 46 179
Bromomethane -- 6.4
Trichlorofluoromethane 6.4 --
Methylene chloride 8.6 314
Chloroform -- 4.2
1.2-Dichloroethane 6.8 11.4
1.1.1-Trichloroethane 18.6 113
Benzene 10.3 10.1
Carbon tetrachloride 12. 9.4
1.2-Dichloropropane -- 2
Trichloroethene 88 5.2
Toluene 83 125
Tetrachloroethene 6.2 -
Chlorobenzene 10.5 11.7
Ethylbenzene 12. 12.4
o-Xylene 16.2 21.2

!Audit accuracy is defined as the relative difference between the audit measurement result and its nominal value divided by
the nominal value. N denotes the number of audits averaged to obtain the audit accuracy value. Information is not available
for other TO-14A compounds because they were not present in the audit materials.
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Method TO-15 VOCs

To AC
Insulatsd Enclosure
1 Vacuum /Pressure
Gauge
Electronic
Timer
— )
onifold @
Metal Bellows
Type Pump
tor
Samplng
—

Vacaum

Figure 1. Sampler configuration for subatmospheric pressure or pressurized canister sampling.
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Method TO-15

100K
TIMER L] RED
SWITCH . G
o—o" 40xfd, 450 v DC
115 v AC 2z 100K
MAGHELATCH
SOLENOID
VALVE
Puwe
COMPONENTS
Copacitor Ci and Cz — 40 ul. 450 VOC {Sprogue Mom TVA 1712 o equivanent)
Reshhr Ry and Rz = 0.5 woil. 3% folerance
Diode Dy ond Dz — 1000 PRY. 2.5 A (RCA. K 3081 or squivlent)
(a). Simple Circuit for Operating Magnelatch Valve
0
RED
TIMER
SWITCH
e /
o—-o " / vz
/ BLACK SOLENOD
115 V aC [ VALVE
” 12.7% 2 /
G
| £ WHITE
I\
20 uof
COMPONENTS 100 van
Fmctifier — 200 PRV, 1.5 & 5K 3105 or equivolent)
Dot O om0z 23000 B, 21304 (RCA. S 2001 o weprant) ‘HDN-POLARZED
Copocitor C1 — 200 of, 250 VOC (Sprogue Alom TVA 1520 ov squiholent)
Copacitor C3 = 20 of, 400 VDT Non—Polried (Sprague kioen TVAN 1632 or ecuivolent)
Relgy ~ 10,000 ghm coll, 33 mo {AME Fotier and Bromfield, KCP 5, or scuivolent)
Resister Ry ond A — 0.5 wotl, 5% {oleronce
(b). Impraoved Circuit Designed to Handle Pewer Interruptions
Figure 2. Electrical pulse cirewts for drving Skinner magnelatch solenoid valve with
mechanical timer.
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Method TO-15 VOCs

Ir Heated Enciosure
|
| Tlst Monifold
T 0
1
Tnlet 1
|
|
|
|
~18 ]
Meters
~sm |
|
|
|
i 1
A
|
I 01
. ]
| Pump :
Ground | [
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Vi
| Electronic EM{
I I
I I
! I
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| |
| I
! I
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To AC
Figure 3. Altemnative sampler configuration for pressunized canister sampling.
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STAGE 1: SAMPLE TRANSFER TO THE PRECONCENTRATION TRAP

CANISTER
ADSORBENT TRAP
—
SORBENT TUBE _ AT NEAR AMBIENT
) TEMPERATURE
L i T
SAMPLE GAS
SAMPLER INLET FLOW CARRIER

GAS IN
AIR SAMPLE IN
STAGE 2: DRY PURGING
DRY HELIUM ADSORBENT TRAP
—_—
PURGE GAS AT NEAR AMBIENT
TEMPERATURE
PURGE GAS T i
LUSWATER .
GAS IN

STAGE 3: TRAP DESORPTION - ANALYTE TRANSFER TO GC COLUMN
CARRIER GAS IN
ADSORBENT TRAP l
—
(HO) T

Figure 4. Illustration of three stages of dry purging of adsorbent trap.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-51

123




VOcCs

Method TO-15

00LL

0001

‘awmpoa a8md ag AIp ‘SA IIBNUANU0D DO A U0 Jodea 13EM [ENPISSY

W “JANNTOA 39HNd
006 008 00L 009 00§ oot 00€

‘¢ aInS1,]

-

11114

00l 0

¢

4 v

90y
S5 @
sy m

0 ‘FHNLYHIANIL

¥ oz
2 4
.lce
0s
— 09

|
]

—{ o8
$o01

- 021

-1 0EL

|HoS
! 0SlL

g0l X SINNOD V3HY ISNOJS3H NIDOHAAH

January 1999

Compendium of Methods for Toxic Organic Air Pollutants

-
W

Page 15-

124



VOCs

Method TO-15

—
,‘;’ : fon
o voraoe (3
Effiuent 1

Figure 6. Simplified diagram of a quadrupole mass spectrometer.
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E l Electron Multiplier
Figure 7. Simplified dmgran.l of an ion trap mass spectrometer.
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VOCs Method TO-15

COMPENDIUM METHOD TO-15

CANISTER SAMPLING FIELD TEST DATA SHEET
A.GENERAL INFORMATION

SITE LOCATION: SHIPPING DATE:
SITE ADDRESS: CANISTER SERTAL NO.:
SAMPLER ID:
SAMPLING DATE: OPERATOR:
CANISTER LEAK
CHECK DATE

B. SAMPLING INFORMATION

TEMPERATURE PRESSURE
INTERIOR AMBIENT MAXIMUM MINIMUM CANISTER PRESSURE
START
STOP
SAMPLING TIMES FLOW RATES
LOCAL TIME ELAPSED TIME MANIFOLD CANISTER FLOW
METER READING FLOW RATE FLOW RATE CONTROLLER
READOUT
START
STOP

SAMPLING SYSTEM CERTIFICATION DATE:
QUARTERLY RECERTIFICATION DATE:

C. LABORATORY INFORMATION

DATA RECEIVED:
RECEIVED BY:
INITIAL PRESSURE:
FINAL PRESSURE:
DILUTION FACTOR:
ANALYSIS
GC-FID-ECD DATE:
GC-MSD-SCAN DATE:
GC-MSD-SIM DATE:

RESULTS*:
GC-FID-ECD:
GC-MSD-SCAN:
GC-MSD-SIM:
SIGNATURE/TITLE
Figure 9. Canister sampling field test data sheet (FTDS).
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Pressure
Regulator

Exhgust

Vacuumn Pump Vant
Shut Off Valve Valve Check Valve

vy Exhaust
-—E = } ks
=k
3 Vent Shut
vent_Shut § ot vave | Trap -
0OH Volve enic
Dawar Trap Cooler
Air Pressuie Flask (Liquid Argon)
Supply | Regulator
Hurmidifier
Trap
Cryogenic
Trop Cooler
(Licuid Argon)
Vacuum
Shut O Xk Pressura
Valve Gauge
Vacuum Zero
Gouge Shut Off
Valve
Flaw
Control
Vacuumn Valve
Shut Oft
Vahe
Exhaust d—gﬂ—

Vent
Shut Off
Vaive
Figure 10. Canister cleaning system.
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Mass Flow
Gontraller

6-Port
Chrometographic
‘Water Management Valve
Syslem and
Main Preconcentrator -
presvue koj
" o
e (Excess) Cryogenic
r==71 MassFlow Trapping Linit
1 Controlier
V-1 Capélary Column
(0,32 rrm % 50 m)
Sample connection k
Canister
Pressure T Low Dead-Volume
Reguiators Gas I Tee (Optional)
Purifiers I
—_— el .
___w--{__}"—‘r Flame Innlzallnn I
r— ! Detect 1
[ I s IO L I
I
|
Hz I Mass Spectrometer
) in SCAN or SIM Mode
=3 |
S0
Air

Figure 11. Canister ana

G-port chmm'nog:raphm \:{lxe in the sample desorprmn mode.
[Alternative analytical system illustrated 1n Figure 16.]
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Method TO-15 VOCs

THE —

(0). Certified Sampler

TME —P»

(b). Contominated Sompler

Figure 12. Example of humid zero air test results for a clean sample canister
(a) and a contaminated sample canister (b).
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Method TO-15

VOCs

MASS
FLOW PRECONCENTRATOR
CONT. (-1609 C) = GC/MS

SAMPLE

SAMPLE
30 cc/min

VACUUM
PUMP

CRYOTRAFP %

Y

ON/OFF
VALVES
CARRIER
GAS
.25 co
LOOP
VENT -
INSULATED INTERNAL STANDARD
VALVE BOX {45 + C)

L MASS
FLOW i
CONT. 1.5 cc/min

INT. STD.

Figure 13. Diagram of design for internal standard addition.

Page 15-59

January 1999 Compendium of Methods for Toxic Organic Air Pollutants

131



Method TO-15 VOCs

GLASS
SPARGING
VESSEL

Figure 14. Water method of standard preparation in canisters
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@) "

Calibration

Zero Air

Gas Cylinder Cylinder

Exhaust

FC-2 w
. @]
FC-1
Humidifier T
¥'< L1 *“““—“’. |
Calibration Manifold

T = Thermocouple O oom

F = Zero Dead Vol. Fit. FC-3 I

FC = Flow Controller
S = Solenoid Valve

Canister

To

Heated Enclosure

Heater >
Lines
{=6=

oooa
OmG -

To
Pump

Q]!

From
Auto. Temp. 6-Port He Tank
Control Valve
rows T sc | \—]OmI}=—
Column Oven
Figure 15. Diagram of the GC/MS analytical system.
January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-61

133



VOCs Method TO-15

ooon

FC-2 W
. (O oo
e Exhaust
Humidifier
Calibration Manifold

Calibration Zero Air
Gas Cylinder Cylinder

I
I
I
I
I
L
I
]
i

T = Thermacouple (@) 1] S H

F = Zero Dead Vol. Fit. FC-3 l
FC = Flow Controller OFCIEDD -l

S = Solenoid Valve

Canister

Heated Enclosure O oono _4
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Lines
To From
- 6-Port —
Aug;-n'lt'mp- { T Vaive He Tank
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Figure 15. Diagram of the GC/MS analytical system.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-61

134



VOCs

Method TO-15

13[002 pue aqn) JUaqIOSINL JO UOEUIquIod ) mc.ﬁ.':qﬂm JOIENUADUOD 3]q

437002 312A0 DNITHILS

40123130

ool

-~

WNINaH

| T———

‘(Burquosap ¢ des) ‘Surdwes | dea])

e,

HOLVHLNIONOD LN3SHOS A0S

LNAA

39uNd
ot

o+

TS Svo 308

P

LS TYNYILINI

—
-
SVD VD

SvD 30HNd

1-04W

bimsrmas

-
ANIA
ALs INIYD

e~
LITNI I WNVS

diNNd IdNVS

ood AL LG

| I dinnd J4n

m N3JO m a3asoio

BuiqiosaQ 1z dvHL
Buydwes 1 dvHL

FBALVLS .

January 1999

Compendium of Methods for Toxic Organic Air Pollutants

Page 15-62

135



136



Appendix C

135



Sample ID: 1X  Date: 1/15/2005
Sample Location: Area Sample Kiosk A

Sample Length: 321 minutes

Appendix C
Yellowstone Winter Use Air Monitoring 2005
Aldehydes
Table 1A

Sample Volume: 15.4 Liters

Aldehyde Lab Result 8-Hour PEL-TWA TLV ppm REL-TWA
ppm TWA ppm ppm ppm
Acetaldehyde <0.0077 <0.005 200 25 (STEL) None
Acrolein <0.0060 <0.004 0.1 0.1 (STEL) 0.1
Butyraldehyde <0.0047 <0.003 None None None
Formaldehyde <0.011 <0.008 0.75 0.3 (STEL) 0.016
Heptanal <0.0030 <0.002 None None None
Hexanal <0.0034 <0.002 None None None
iso-valeraledhyde <0.0039 <0.003 None None None
propionaldehyde <0.0058 <0.004 None None None
Valeraldehyde <0.0039 <0.003 None None None
Sample ID: 2G  Date: 1/16/2005
Sample Location: Area Sample Kiosk A
Sample Length: 341 minutes Sample Volume: 21.7 Liters
Aldehyde Lab Result 8-Hour PEL-TWA TLV ppm REL-TWA
ppm TWA ppm ppm ppm
acetaldehyde <0.011 <0.007 200 25 (STEL) None
acrolein <0.0085 <0.006 0.1 0.1 (STEL) 0.1
butyraldehyde <0.0066 <0.004 None None None
formaldehyde <0.016 <0.01 0.75 0.3 (STEL) 0.016
heptanal <0.0042 <0.003 None None None
Hexanal <0.0048 <0.003 None None None
iso-valeraledhyde <0.005 <0.003 None None None
Propionaldehyde <0.0082 <0.005 None None None
Valeraldehyde <0.0055 <0.004 None None None
Sample ID: 2XW Date: 1/16/2005
Location: Area Sample Madison Warming Hut
Sample Length: 181 minutes Sample Volume: 8.7 Liters
Aldehyde Lab Result 8-Hour PEL-TWA TLV ppm REL-TWA
ppm TWA ppm ppm ppm
Acetaldehyde <0.0077 <0.005 200 25 (STEL) None
Acrolein <0.0060 <0.004 0.1 0.1 (STEL) 0.1
Butyraldehyde <0.0047 <0.003 None None None
Formaldehyde <0.011 <0.008 0.75 0.3 (STEL) 0.016
Heptanal <0.0030 <0.002 None None None
Hexanal <0.0034 <0.002 None None None
iso-valeraledhyde <0.0039 <0.003 None None None
Propionaldehyde <0.0058 <0.004 None None None
Valeraldehyde <0.0039 <0.003 None None None
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Sample ID: MX27

Date: 2/07/2005

Location: Area Sample Mammoth Maintenance Shop

Sample Length: 194 minutes

Sample Volume: 8.2 Liters

Aldehyde Lab Result 8-Hour PEL-TWA TLV ppm REL-TWA
ppm TWA ppm ppm ppm
Acetaldehyde <0.020 <0.008 200 25 (STEL) None
Acrolein <0.016 <0.006 0.1 0.1 (STEL) 0.1
Butyraldehyde <0.012 <0.005 None None None
Formaldehyde <0.030 <0.012 0.75 0.3 (STEL) 0.016
Heptanal <0.0078 <0.003 None None None
Hexanal <0.0089 <0.004 None None None
iso-valeraledhyde <0.0010 <0.0004 None None None
Propionaldehyde <0.015 <0.006 None None None
Valeraldehyde <0.010 <0.0004 None None None
Sample ID: 219X Date: 2/19/2005
Location: Area Sample Kiosk A
Sample Length: 324 minutes Sample Volume: 15.3 Liters
Aldehyde Lab Result 8-Hour PEL-TWA TLV ppm REL-TWA
ppm TWA ppm ppm ppm
Acetaldehyde <0.011 <0.007 200 25 (STEL) None
Acrolein <0.0086 <0.006 0.1 0.1 (STEL) 0.1
Butyraldehyde <0.0066 <0.004 None None None
Formaldehyde <0.016 <0.011 0.75 0.3 (STEL) 0.016
Heptanal <0.0042 <0.003 None None None
Hexanal <0.0048 <0.003 None None None
iso-valeraledhyde <0.0056 <0.004 None None None
Propionaldehyde <0.0083 <0.006 None None None
Valeraldehyde <0.0056 <0.004 None None None
Sample ID: 220X Date: 2/20/2005
Location: Area Sample Kiosk A
Sample Length: 342 minutes Sample Volume: 16.1 Liters
Aldehyde Lab Result 8-Hour PEL-TWA TLV ppm REL-TWA
ppm TWA ppm ppm ppm
Acetaldehyde <0.010 <0.007 200 25 (STEL) None
Acrolein <0.0081 <0.006 0.1 0.1 (STEL) 0.1
Butyraldehyde <0.0063 <0.004 None None None
Formaldehyde <0.015 <0.011 0.75 0.3 (STEL) 0.016
Heptanal <0.0040 <0.003 None None None
Hexanal <0.0045 <0.003 None None None
iso-valeraledhyde <0.0053 <0.004 None None None
Propionaldehyde <0.0078 <0.006 None None None
Valeraldehyde <0.0053 <0.004 None None None
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Sample ID: 1B

Table 1B
Yellowstone Winter Use Air Monitoring 2005
BETX and Total Petroleum Hydrocarbons (TPH)

Date: 1/15/2005

Location: Personal Sample Kiosk A
Sample Length: 164 minutes

Sample Volume: 32.6 Liters

BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0096 <0.003 1.0 0.5 0.1
ethyl benzene <0.071 <0.024 100 100 100
Toluene <0.082 <0.028 200 50 100
Xylene <0.071 <0.024 100 100 100
Total Petroleum <0.19 <0.065 None None None
Hydrocarbons
Sample ID: 2BG Date: 1/16/2005
Location: Area Sample Kiosk B
Sample Length: 341 minutes Sample Volume: 69.3 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0045 <0.003 1.0 0.5 0.1
ethyl benzene <0.033 <0.023 100 100 100
Toluene <0.038 <0.027 200 50 100
Xylene <0.033 <0.023 100 100 100
Total Petroleum <0.041 <0.029 None None None
Hydrocarbons
Sample ID: 2BWH Date: 1/16/2005
Location: Area Sample Madison Warming Hut
Sample Length: 180 minutes Sample Volume: 36.1 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0087 <0.003 1.0 0.5 0.1
ethyl benzene <0.064 <0.024 100 100 100
Toluene 0.73 0.274 200 50 100
Xylene <0.064 <0.024 100 100 100
Total Petroleum <0.079 <0.030 None None None
Hydrocarbons
Sample ID: 3BG Date: 1/17/2005
Location: Area Sample Kiosk A
Sample Length: 327 minutes Sample Volume: 63.9 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0049 <0.003 1.0 0.5 0.1
ethyl benzene <0.036 <0.025 100 100 100
Toluene <0.042 <0.029 200 50 100
Xylene <0.036 <0.025 100 100 100
Total Petroleum <0.044 <0.030 None None None
Hydrocarbons
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Sample ID: M27

Date: 2/7/2005
Location: Personal Sample Mammoth Maintenance Shop
Sample Length: 158.4 minutes

Sample Volume: 35.95 Liters

BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0087 <0.003 1.0 0.5 0.1
ethyl benzene <0.064 <0.021 100 100 100
Toluene <0.074 <0.024 200 50 100
Xylene <0.064 <0.021 100 100 100
Total Petroleum 0.11 0.036 None None None
Hydrocarbons
Sample ID: 219B Date: 2/19/2005
Location: Area Sample Kiosk A
Sample Length: 313 minutes Sample Volume: 60.2 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0052 <0.003 1.0 0.5 0.1
ethyl benzene <0.038 <0.025 100 100 100
Toluene <0.044 <0.029 200 50 100
Xylene <0.038 <0.025 100 100 100
Total Petroleum 0.21 0.136 None None None
Hydrocarbons
Sample ID: 220B Date: 2/20/2005
Location: Area Sample Kiosk A
Sample Length: 343.8 minutes Sample Volume: 55.1 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0057 <0.004 1.0 0.5 0.1
ethyl benzene <0.042 <0.030 100 100 100
Toluene <0.048 <0.034 200 50 100
Xylene <0.042 <0.030 100 100 100
Total Petroleum 0.22 0.158 None None None
Hydrocarbons
Sample ID: 222B Date: 2/21/2005
Location: Personal Sample Kiosk A
Sample Length: 344 minutes Sample Volume: 51 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.0061 <0.004 1.0 0.5 0.1
ethyl benzene <0.045 <0.032 100 100 100
Toluene <0.052 <0.037 200 50 100
Xylene <0.045 <0.032 100 100 100
Total Petroleum 0.078 0.056 None None None
Hydrocarbons
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Sample ID: 222B2

Date: 2/21/2005

Location: Area Sample Madison Warming Hut
Sample Length: 176 minutes

Sample Volume: 21.4 Liters

BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.015 <0.006 1.0 0.5 0.1
ethyl benzene <0.11 <0.040 100 100 100
Toluene <0.12 <0.044 200 50 100
Xylene <0.11 <0.040 100 100 100
Total Petroleum 3.6 1.33 None None None
Hydrocarbons
Sample ID: 2226 Date: 2/21/2005
Location: Area Sample Kiosk A
Sample Length: 319.3 minutes Sample Volume: 52.5 Liters
BETX and TPH Lab Result 8-Hour PEL-TWA TLV-TWA REL-TWA
ppm TWA ppm ppm ppm ppm
Benzene <0.006 <0.004 1.0 0.5 0.1
ethyl benzene <0.044 <0.029 100 100 100
Toluene <0.051 <0.034 200 50 100
Xylene <0.044 <0.029 100 100 100
Total Petroleum 0.26 0.17 None None None
Hydrocarbons
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Sample ID: 1153
Location: Personal Sample Kiosk A

Sample Length: 98 minutes

Table 1C

Yellowstone Winter Use Air Monitoring 2005
Elemental and Organic Carbon

Date: 1/15/2005

Sample Volume: 300.9 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed 2001 Proposed
mg/m? mg/m® mg/m® mg/m® mg/m® mg/m®

Organic 0.045 0.0092 None None

Carbon

Elemental <0.0043 <0.0008 None None 0.02
Carbon

Total 0.045 0.0092 None None 0.15

Carbon

Sample ID: 1154
Location: Personal Sample Kiosk B

Sample Length: 163 minutes

Date: 1/15/2005

Sample Volume: 477.6 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA 1996 | TLV-TWA 2001
Result TWA TWA TWA | Proposed mg/m® | Proposed mg/m?
mg/m® mg/m® mg/m? mg/m®

Organic 0.043 0.015 None None
Carbon
Elemental <0.0027 <0.0009 None None 0.02
Carbon
Total 0.043 0.015 None None 0.15
Carbon
Sample ID: 1163 Date: 1/16/2005
Location: Personal Sample Kiosk A
Sample Length: 327 minutes Sample Volume: 1007.2 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m®

Organic 0.037 0.025 None None

Carbon

Elemental <0.0013 <0.0008 None None 0.02
Carbon

Total 0.037 0.025 None None 0.15

Carbon
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Sample ID: 1164
Location: Area Sample Madison Warming Hut

Sample Length: 140 minutes

Date: 1/16/2005

Sample Volume: 413 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m? mg/m® mg/m® mg/m® mg/m® mg/m®

Organic 0.041 0.012 None None
Carbon
Elemental <0.0031 <0.0009 None None 0.02
Carbon
Total 0.041 0.012 None None 0.15
Carbon
Sample ID: 1165 Date: 1/16/2005
Location: Personal Sample Kiosk A
Sample Length: 286 minutes Sample Volume: 886.6 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m? mg/m? mg/m® mg/m® mg/m? mg/m?

Organic 0.035 0.021 None None
Carbon
Elemental <0.0015 <0.0009 None None 0.02
Carbon
Total 0.035 0.021 None None 0.15
Carbon

Sample ID: 1174 Date: 1/17/2005

Location: Area Sample Kiosk A

Sample Length: 329 minutes Sample Volume: 954.1 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m? mg/m? mg/m? mg/m? mg/m®

Organic 0.038 0.026 None None
Carbon
Elemental <0.0014 <0.0009 None None 0.02
Carbon
Total 0.038 0.026 None None 0.15
Carbon
Sample ID: 1175 Date: 1/17/2005
Location: Personal Sample Kiosk A
Sample Length: 308 minutes Sample Volume: 954.8 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?

Organic 0.041 0.026 None None

Carbon

Elemental <0.0014 <0.0009 None None 0.02
Carbon

Total 0.041 0.026 None None 0.15

Carbon
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Sample ID: 272

Location: Personal Sample Mammoth Maintenance Shop
Sample Length: 187 minutes

Date: 2/07/2005

Sample Volume: 466.5 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?

Organic 0.073 0.028 None None
Carbon
Elemental 0.0044 0.0017 None None 0.02
Carbon
Total 0.078 0.030 None None 0.15
Carbon
Sample ID: 273 Date: 2/07/2005
Location: Personal Sample Mammoth Maintenance Shop
Sample Length: 184 minutes Sample Volume: 457.24 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?

Organic 0.068 0.026 None None
Carbon
Elemental 0.0046 0.0018 None None 0.02
Carbon
Total 0.072 0.028 None None 0.15
Carbon

Sample ID: 2192 Date: 2/19/2005

Location: Area Sample Kiosk A

Sample Length: 334 minutes Sample Volume: 833.1 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m? mg/m? mg/m? mg/m? mg/m®

Organic 0.016 0.011 None None
Carbon
Elemental <0.0016 <0.001 None None 0.02
Carbon
Total 0.016 0.011 None None 0.15
Carbon
Sample ID: 2194 Date: 2/19/2005
Location: Personal Sample Kiosk A
Sample Length: 336 minutes Sample Volume: 830.1 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?

Organic 0.056 0.039 None None

Carbon

Elemental <0.0016 <0.0009 None None 0.02
Carbon

Total 0.056 0.001 None None 0.15

Carbon
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Sample ID: 2202

Date: 2/20/2005

Location: Area Sample Kiosk A

Sample Length: 346 minutes

Sample Volume: 866 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?

Organic 0.049 0.035 None None
Carbon
Elemental <0.0015 <0.0009 None None 0.02
Carbon
Total 0.049 0.001 None None 0.15
Carbon
Sample ID: 2204 Date: 2/20/2005
Location: Personal Sample Kiosk A
Sample Length: 349 minutes Sample Volume: 895.5 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?

Organic 0.017 0.012 None None
Carbon
Elemental <0.0015 <0.001 None None 0.02
Carbon
Total 0.017 0.012 None None 0.15
Carbon
Sample ID: 2222 Date: 2/21/2005
Location: Area Sample Madison Warming Hut
Sample Length: 180 minutes Sample Volume: 455.4 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m®

Organic 0.047 0.018 None None
Carbon
Elemental <0.0028 <0.001 None None 0.02
Carbon
Total 0.047 0.018 None None 0.15
Carbon
Sample ID: 2224 Date: 2/21/2005
Location: Personal Sample Kiosk A
Sample Length: 346 minutes Sample Volume: 863.96 Liters
Analyte Lab Result 8-Hour PEL- REL- TLV-TWA TLV-TWA
mg/m® TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m?
Organic Carbon 0.046 0.033 None None
Elemental <0.0016 <0.001 None None 0.02
Carbon
Total Carbon 0.048 0.035 None None 0.15
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Sample ID: 2225

Date: 2/21/2005

Location: Personal Sample Kiosk A
Sample Length: 343 minutes

Sample Volume: 859.66 Liters

Analyte Lab 8-Hour PEL- REL- TLV-TWA TLV-TWA
Result TWA TWA TWA 1996 Proposed | 2001 Proposed
mg/m® mg/m® mg/m® mg/m® mg/m® mg/m®

Organic Carbon 0.047 0.034 None None

Elemental <0.0015 <0.001 None None 0.02
Carbon

Total Carbon 0.047 0.034 None None 0.15
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Sample ID: 1AN

Table 1D
Yellowstone Winter Use Air Monitoring 2005
Oxides of Nitrogen

Date: 1/15/2005

Location: Area Sample Kiosk A

Sample Length: 321 minutes

Sample Volume: 9.49 Liters

NOy Lab Result ppm | 8-Hour TWA PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide <0.034 <0.023 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
Sample ID: 1BN Date: 1/15/2005
Location: Area Sample Kiosk A
Sample Length: 321 minutes Sample Volume: 9.49 Liters
NOy Lab Result ppm | 8-Hour TWA PEL ppm | TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.034 <0.023 25 TWA 25 25 TWA
Sample ID: 2AN Date: 1/16/2005
Location: Area Sample Kiosk A
Sample Length: 337 minutes Sample Volume: 10.38 Liters
NOy Lab Result ppm | 8-Hour TWA PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide <0.031 <0.022 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
Sample ID: 2AW Date: 1/16/2005
Location: Area Madison Warming Hut
Sample Length: 142 minutes Sample Volume: 62.03 Liters
NOy Lab Result ppm 8-Hour TWA PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide <0.0051 <0.002 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
Sample ID: 2BW Date: 1/16/2005
Location: Area Madison Warming Hut
Sample Length: 142 minutes Sample Volume: 62.03 Liters
NO, Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.0053 <0.002 25 TWA 25 25 TWA
Sample ID: 3AN Date: 1/17/2005
Location: Area Sample Kiosk A
Sample Length: 328 minutes Sample Volume: 10.27 Liters
NOy Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide <0.031 <0.021 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
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Sample ID: 3BN

Date: 1/17/2005

Location: Area Sample Kiosk A

Sample Length: 328 minutes

Sample Volume: 10.27 Liters

NOy Lab Result ppm 8-Hour TWA PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.032 <0.022 25 TWA 25 25 TWA
Sample ID: MN27 Date:2/07/2005
Location: Area Sample Mammoth Maintenance Shop
Sample Length: 195 minutes Sample Volume: 3.49 Liters
NO, Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide <0.091 <0.037 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
Sample ID: MNX27 Date:2/07/2005
Location: Area Sample Mammoth Maintenance Shop
Sample Length: 195 minutes Sample Volume: 3.49 Liters
NOy Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.093 <0.038 25 TWA 25 25 TWA
Sample ID: 219N2 Date: 2/19/2005
Location: Area Sample Kiosk A
Sample Length: 334 minutes Sample Volume: 13.6 Liters
NOy Lab Result ppm | 8-Hour TWA | PEL ppm | TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide <0.023 <0.016 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
Sample ID: 219NX Date: 2/19/2005
Location: Area Sample Kiosk A
Sample Length: 334 minutes Sample Volume: 13.6 Liters
NO, Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.024 <0.017 25 TWA 25 25 TWA
Sample ID: 220N2 Date: 2/20/2005
Location: Area Sample Kiosk A
Sample Length: 342 minutes Sample Volume: 14 Liters
NOy Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 0.97 0.69 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
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Sample ID: 220NX

Date: 2/20/2005

Location: Area Sample Kiosk A

Sample Length: 342 minutes

Sample Volume: 14 Liters

NOy Lab Result ppm 8-Hour TWA PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.023 <0.016 25 TWA 25 25 TWA
Sample ID: 222N2 Date: 2/21/2005
Location: Area Sample Kiosk A
Sample Length: 338 minutes Sample Volume: 14.2 Liters
NO, Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 0.036 0.025 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide 25 TWA 25 25 TWA
Sample ID: 222NX Date: 2/21/2005
Location: Area Sample Kiosk A
Sample Length: 338 minutes Sample Volume: 14.2 Liters
NOy Lab Result ppm 8-Hour TWA | PEL ppm TLV-TWA | REL ppm
ppm ppm
Nitrogen Dioxide 5.0 Ceiling 3.0 1.0 STEL
Nitric Oxide <0.023 <0.016 25 TWA 25 25 TWA
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Sample ID: 1156

Table 1E
Yellowstone Winter Use Air Monitoring 2005

Respirabl

Date: 1/15/2005
Location: Area Sample Kiosk A

e Particulate

Sample Length: 311 minutes Sample Volume: 662.4 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m® mg/m®
Respirable <0.03 <0.019 1.0 0.5 0.1
Particulate
Sample ID: 1157 Date: 1/15/2005
Location: Area Sample Kiosk B
Sample Length: 192 minutes Sample Volume: 399.4 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m® mg/m®
Respirable <0.05 <0.020 1.0 0.5 0.1
Particulate
Sample ID: 1166 Date: 1/16/2005
Location: Personal Sample Kiosk A
Sample Length: 290 minutes Sample Volume: 635.1 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m? mg/m?
Respirable <0.03 <0.018 1.0 0.5 0.1
Particulate
Sample ID: 1167 Date: 1/16/2005
Location: Area Sample Kiosk A
Sample Length: 142 minutes Sample Volume: 303.4 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m? mg/m?
Respirable <0.07 <0.021 1.0 0.5 0.1
Particulate
Sample ID: 1176 Date: 1/17/2005
Location: Personal Sample Kiosk A
Sample Length: 326 minutes Sample Volume: 712.2 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m? mg/m® mg/m®
Respirable <0.03 <0.020 1.0 0.5 0.1
Particulate
Sample ID: 1177 Date: 1/17/2005
Location: Area Sample Kiosk A
Sample Length: 325 minutes Sample Volume: 682.5 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m? mg/m® mg/m®
Respirable <0.03 <0.020 1.0 0.5 0.1
Particulate
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Sample ID: MG1P8

Date: 2/07/2005

Location: Personal Sample Mammoth Maintenance Shop

Sample Length: 194 minutes Sample Volume: 486.9 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m? mg/m® mg/m®
Respirable <0.04 <0.016 1.0 0.5 0.1
Particulate
Sample ID: MG2P4 Date: 2/07/2005
Location: Area Sample Mammoth Maintenance Shop
Sample Length: 188 minutes Sample Volume: 473.8 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m® mg/m®
Respirable <0.04 <0.016 1.0 0.5 0.1
Particulate
Sample ID: 2191 Date: 2/19/2005
Location: Area Sample Kiosk A
Sample Length: 335 minutes Sample Volume: 832.6 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m® mg/m®
Respirable <0.02 <0.014 1.0 0.5 0.1
Particulate
Sample ID: 2197 Date: 2/19/2005
Location: Personal Sample Kiosk A
Sample Length: 313 minutes Sample Volume: 757.9 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m? mg/m?
Respirable <0.03 <0.019 1.0 0.5 0.1
Particulate
Sample ID: 2201 Date: 2/20/2005
Location: Area Sample Kiosk A
Sample Length: 344 minutes Sample Volume: 885.1 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m® mg/m? mg/m?
Respirable <0.02 <0.014 1.0 0.5 0.1
Particulate
Sample ID: 2207 Date: 2/20/2005
Location: Personal Sample Kiosk A
Sample Length: 336 minutes Sample Volume: 845 Liters
Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m? mg/m® mg/m®
Respirable <0.02 <0.014 1.0 0.5 0.1
Particulate
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Sample ID: 2227

Location: Personal Sample Kiosk A

Date: 2/21/2005

Sample Length: 339 minutes

Sample Volume: 856 Liters

Analyte Lab Result | 8-Hour TWA | PEL-TWA TLV-TWA REL-TWA
mg/m® mg/m® mg/m? mg/m® mg/m®
Respirable <0.02 <0.014 1.0 0.5 0.1
Particulate
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‘IQ TDH‘["E
o

nsun Company

Montana Tech
Attention: Terry Spear
1300 West Park Street

Butte, MT

59701

ANALYTICAL REFPORT

Sampling Collection and Shipment

Analy=is

Sampling &lite

te

Form ARF-AL
Page 1 of 2

Part 1 of
012505162 13454RX
JAN 7 h 05

Laboratory Group Name Q5T-0i67-01
Account Ne. _O7003

E-mail

Tel Ephﬁne MML
tepearfmtech.adu —

_ Date of Collection e

Date Samples Received at Laboratory January 20, 2005

Method of Analysis HHAM 6014
Date(s) of Analysis January 25, 2005
snalytical Results

Raporting Li

Fiald taboratory [Sample ° H
Sample Hunbar Typa o = El
b r sel | 28 | 3
O g oA =
M OX 18 .}
S, N} b
=44 T e = =4
xod =00 a3
L AN DEI01346 TURE WD €0, 034 | B.4819
2 AW 05101347 TUBE W 40 . B051 | 52.025
2 AN O5I01348 TUBE WD 0,031 | 10.37%
3 AH DSERLILE TURE HD 40.031 | 10,266
1is No2 O5L01350 TUERE HD 40,43 0.150
MLt 0.6

1

| ESee comment on last pa
ND Paramebter mot dntoctud ubu'.'a LOD.
MA Paramater noct reguested.

HA Parameter not applicable.

"% cpa caomnent on last pngﬁ
otar be'uun

| ) Fargh

nd

960 West LeVoy Drive / Salt Lake City, Utah B4123-2347
Phone (BO1) 266-7700
FAX (BO1) 268-9992
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]

Form ARF-C

DAT Q ANALYTICAL REPORT

Fage 2 of 12
= D12505162134654RK
-
- J. "~
& focensen Tompasy JAN 25 2005

Date
Laboratory Group Mame 05T-(167-01

General Set Comments

ppm formula: (24.45 * Result) / (Volume * MW)

General Lab Comments

The results provided in this report relate only to the items tested.

Samples were received in acceptable condition unless othervise noted in the General
Set Comments above.

Samples have not been field blank corrected unless othervise noted in the General
Set Comments above.

This test report shall not be reproduced, except in full, without written approval
of DataChen Laboratories, Ine.

Thitz page is the concluding page of the report.

960 Weat LeVoy Drive / 5alt Lake City, Utah B4123-2547
Phone (BOl) 2667700 Veb Page: www.datachem.com
FAYX (BO1) 268-9992 E-mail: lab@datachem.com
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—
L=

. Date _{ Z_fPumnnaa Order Ho.

DATA
CHEM

LABEORATORIES, INC.

ANALYTICAL REQUEST FORM

1. [ REGULAR Status

=T Dlig 30l

[C] rusH status Requestad - ADBITIONAL CHARGE
RESULTS REQUIRED BY —

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

T_C'L!’\

. Company Mame fom Toan o
Addrags Jlog was T Ffas

[

¢

falle  mr

sepel

p——
Parsan fo Contact [Rusy | Tges

-

Taleghane (Yot ) . sl = fywus”

géso

Fax Talephona [yt 7 L

E-mail Address

T'_Srp’,‘a:r:v G opm Te ¢

Lo edu

Billing Adrass (i dilerent from abowve)

— &4, Quote Mo, e

6. REQUEST FOR ANALYSES

DEL Project Managar

5. Sample Collection

Sampling Sile

Industrial Procass

[rate of Collection
Time Colecled

Data of Shipment

Chain of Gustody Mo

1 ugisample 2 mgim?

A ppm 4 %5 [olher)

.Ld:nl‘abury.i.lpgﬂnl'y' Cliceil Sampie Mumbar Matre Sampla Yolume | AMALYSES AEQUESTED - Usa mathod numiar @ knawn | Unils™
w04y | AN pof 5 reve | 94R)9 ) | MO futhd Goiy
S | BN d. Seee | 9491 mL | MO e thed oy
N eloveeal |30884 ml Methoed yoei
e I ¥ YA -2 153159 mb Meflod 2539 Fad 2
| 2 AW Mol seoot |p2025 mb | MOx  pethJ Loty
i Sl 28w pelsoevt (2095 mbL | MO Mathd Loy
Ll | 2 ap ol Sove 10370 mL | MO3 e tted Cory (o TS 1ot s e e
: ; : PREELL Cloee ) |3L16% ml jusbhood poa /
1 5 & - €hareae | 61325 mL o !‘L""H’ 1570 f R
& 6 YAE-2 (21687 mL g el 2539 Fwone 2
2w yAO-Z 1ST18 mb P fhod A5 3Y Tsmea

Specify: Solld sorbent lube, e g Charceal; Filter type; iImpinger solution; Bulk sample; Blood: Ling; Tizswe; Seil; Watar, Cther

Floass indicale ona or more units in the column enditled Lnits®

Comments

Pogsitla Contamination andfor Chemical Hazands

7._Chain of Custody (Optional)

Fhafinaulshed by DateTime

Resalved by (Rt T I ) B
Relinguished by ALt e — DateTime (2o

Raceivid by DataTime

Ralinaguished by DetaTimes

Pecaived by DateiTime

460 West LaVoy Drive / Salt Lake City, UT B3123

DATACHEM LABORATORIES, INC.

B00-356-9135 or BO1-266-7700 / FAX: B01-268-9302
wiww.datachem.com
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DATA
CHEM

LABORATORIES, INC,

Ll

Dale _M Purchase Order Mo,

ANALYTICAL REQUEST FORM

1. [ ] REGULAR Status

0= pleg Ol

[] AusH Status Requested - ADDITIONAL GHARGE
RESULTS REQUIRED BY __

DATE
CONTACT GATACHEM LABS PRIOR TO SENDING SAMPLES

2. 4. Quote No.
3. Company Name Hom Fane T;" oL Project Manager —.
Address Jjoee  WisT e /T ST 5. Sample Collection
Bt H‘“Tf e Sanmgling She
Parson b Gontast ?:‘-"*' b <,-I.:'-ﬂ:. = Industrial Process

ey dyy

Diate ol Collection —

Telephone (£C |

Fax Teleghane (fue ) Y9 8~ gL D

Tirme Collected

E-mall Addrass —q- 5'_" ecw & m Teek (@efn

Drabie of Shipment —

Billirg Addraes (if diffierent from abowve)

Ghaln of Guslody Ho

6, REQUEST FOR ANALYSES

Lataratory Use Only Clien| Sample Numaar [thy Zarnple Volume | AMALYSES AEQUESTED - Use method rumtes i known | Unils™
Derplagg | 3 AN ol Goeee | (0266 mb | MO o e fLS Cory
Ry T AN Mol Soeve [[0866 m L M ;"ler’lunf' Lol
3 BG Chov e {3596 mL rie fhoed  jio [ OETELTPR
3 X6 rhAo -2 1114 ml e fhe] 2579 aldebddes
"0y Guofe | 9597 & | 50 ee  Herbef soyy
[i5 5 Gt 300 & | grjee  me RS seye
sy Dtz WG E | Cfoc  pated suye
LGS (e e jeet.a b | jicroc P el swpo
A ewifs | Y30 L | g joc  pethed coyo
Y Goee T2 | PRErb L | AC 0L pabhed goyu
Ers oo 72 | 957 ¥ L | j5C Jo € Herdd Cuyo

** 1 ug/eample

Comments

2 mgim? B ppm 4% 5 [other)

Speclly: Soiid sorbent fube. = g Gharceal; Filter type; Impingar sohefion; Bulk sample; Blood; Urine; Tissue; Soll, Water; Other

Plerse indicate one or moane uniis in the column entibzd Unis*

Possible Contemingtlon andior Chamical Hazards

7. Chain of Custody (Optional)

Relinqushed by _— Date/Tune R
Raceived by St e DakeTime *’fi’»ﬁ S
Ralinquishsd by [t e — DaterTime __//ze

Feceivad by e D TiME

Fefinquished by Dot Tirme

Aecalvad by Date/ T

360 West LeVoy Drive / Sait Lake City, UT 84123
DATACHEM LABORATORIES, INC.

B00-356-9135 or B01-266-T700 / FAX: B01-268-9982

wynw.datachem.com
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{

2. Date M Purchasa Order No.

DATA
CHEM

LABORATORIES, INC.

ANALYTICAL REQUEST FORM

1. [] REGULAR 5tatus

ler oleF -0

[] AUSH Status Requested - ADDITIONAL CHARGE

AESULTS REQUIRED BY

COMTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

DATE

3. Company Mame

v'*iﬂ'“lr.‘"‘“\ e L1

AL e 1T

Addrass

,p:;_—' il

s7

feite 0

§gnef

Person lo Gontacl T evsy

T e

! -
Telaphone (. } gl © &gy

Fax Telaphons (fa W G & Y LTS

E-mail Address 1 et

£ Fen b sefy,

Bifling Address (il diferent from abova]

4. Quate Mo,

DOL Project Manager

5. Sample Collection
Sarmpling Sita

Industrial Process

Drate of Colleciion

Time Colecled

Date of Shipmant

Chain of Cusioty Mo

6. REQUEST FOR ANALYSES
‘Labarptory Uss Orly : Clianl Sampla Mamber Tiris” Samgie Volume | AMALYSES REQUESTED - Use mémod numbar £ inawn | Links™
' : : jI§ B Chavissd | Joeoe ML Mgt L. jroi
E e P X ?(‘,gﬂ_z Foh e ML Methd 2539
[T nlas0 )8 Moo Hal. 5o | fgaoHe POa  potbed G0ty
i = Ny MO Hol. stee | BFO0 e MO Ma fheod  Ludt )
#i hend Cron To—15 +THA.

+ Gpachy- Solid sorbent tube, e g Chamoal, FiMer type; Impinger sehution; Bulk sampla; Blood; Urine; Tisewe; Soll; Water, Qther

1 pgsample 2 mg/m® Fppm 4 % 8 (other]  Flease indicate one of more wrils in tha column salilled Unis™

COMMmENS e

Possitde Contamination andfor Ghemical Hazards

7. Chain af Custody (Optional)

Raceived by

Felinguished by DatefTime
Meceived by e Pt Date/Time /2o —
Relinquished by B DateMime £ &2
Raecelved by DataTime
Pelinguished by o DaleTime
DateTime

960 Wesl LeVoy Drive [ Salt Lake Gity, UT 84123
DATACHER LABORATORIES, INC.

B00-356-9135 or B04-266-7700 / FAX: BO1-268-9952
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DATA

Form ARF-AL

ly

ANALYTICAL REPORT Page 1 of 2
= Part 1 of 1
0125051622206 7RE

LABORA
h Soransen

HMontana Tech

al
:;EE:
o

Company

Date .. JAN 28 2005
Laboratory Group Mame 05T-0167-02
Account No. 07003

Attention: Terry Spear
1300 West Park Street
Butte, MT 59701

FAX (406) 496-4650
Telephone (406) 4906-4445
E-mail

Sampling Collection and Shipment

Sampling Site Date of Collection

Date Samples Received at Laboratory January 20, 2003

Analysis

Mathod of Analysis NHAM 6014

Date(s) of Analysis.January 25, 2005
Analytical Results

o ]
= =
Field Labaratery |sample| Ta = &
Sample Hunbar Tips B -] =
Humbor -] =
uE w o
"o - =
b u
i HE b
il B L
=2 B 12 ]
1 BH B5IB1351 |[TUEE oo £0.034 | 9.491%
Z BW 65101352 TUBRE 21 c0.0053 | §2.025
3 BH EINL3EY TUEE HE 40,022 | 10,266
118 EOQ B5101354 TUBE HD <0, 3% . 850
Reparting Limit 0.4

I Sem compent on last paga.

HD Parameter pot detected abowe LOD.
HE Farameter not reguested

HA Parameatear mot npplicable.

** Zas comment on last page
[ ) Pagamptar botwepn LOD and LOQ

RoviewsrrLica B :B.eiF =

%60 West LeVoy Drive / Salt Lake City, Utsh B4123-2547
Phone (801) Z266-7700 Web Page: wwv.datachem.com
FAX (801) 268-9992 E-mail: lab@datachem.com
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—1 Form ARF-C
DAT A = ANALYTICAL REPORT Page 2 of 2
— 0125051622206 7RE
LABORATORI ES
A Erdnson Cormany bate JAN 25 2005

Laberatory Group Name O5T-0167-002

General Set Comments

ppm formula: {24.45 # Result) / (Volume * MW)

General Lab Comments
The results provided in this report relate only to the items tested.
Samples were received in acceptable condition unless otherwise noted in the General

Set Comments above.
Samples have not been field blank corrected unless otherwise noted in the General

Set Comments above.
Thiz test report shall not be reproduced, exeept in full, without written approval

of DataChem Laboratories, Inc.
This page is the concluding page of the report.

960 Vest LeVoy Drive / Salt Lake City, Utah B84123-2547
Phone (BO1) 266-7700 Web Page: wwv.datachem.com
FAX (B0O1)} 26E-9992 E-mail: lab@datachem.com
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I

DATA
CHEM

Eos——cxB | ABORATORIES, INC.

m—
-

2. Date _ﬂffpurchase Order Mo,

ANALYTICAL REQUEST FORM
1. [[] REGULAR Status . by ™+ 0

[] RusH Status Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY

DATE
CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

—4. Quote Na.
3. Company Name fem Tana Tech DL Project Manage! ce—m——m7—————————
Ardrass Jleo wost Fasil €F 5. Sample Collection
JiaTTe LT 597 el Bampling Site
Parson to Conlact ] 9—’7 Fgea Industrial Process
Talephone {Yid ) Wl = Tyyun” Date of Colleclion
Fax Telephone (o3& _ HE5® Time Collected
E.mail Address tEpeew & mTee boe 'ﬂ”' Date of Shipment
Biifing Adkdress (f ditferent from abive) Chain of Custody Mo

6. REQUEST FOR ANALYSES

r'lnn r'y_U__aaﬂr.ﬂ Chent Sampte Murber i Sampde Valufme ANALYSES RECLIESTED - Uss mathod rumber il known | Unkis**
LAY pal s iewe | 91 m) | MO Puthd coly
[ BN A, Sevr | 949 mL | MO e Hhedl Lufy
| & el veen! |22664 ml Metbodd jaed
I Y ¥A¥-1118315.9 nt reflocd 25 3% Beml
2 hw Fol sie=t 16205 ml | MO0 Metlod Lory
26w pel st 12025 mbL | MO Moo Cauy
2 AM . Sive 10318 mb | MOa  fetled Lo (pe Tl o
P GV cloess ! (36105 ml e Hoed f50 | !
L BG Chesec | [69335 mlL fne Fhod 1570 |
EN YAR- = |3163T mt fog fheed 2537 Tasne T
* AW rAD-2 %718 mL Faefhd 2539 Tsea

* Epacify: Solid sorbent tube, &g Charcoal, Filtar ype; Impinge

w1 upsample 2 mgm® 3ppm 4% 5 {othar)

I selution; Bulk sample; Bload; Lirne; Tesue; Soil; Walan Dithar
Flzase |ndlcate one of moss unils In the colemn enfited Lnits™

Commienls

Paossible Contarmination endier Chemical Hazards
7. Chain of Custody (Opticnal)

Aelirguished by CrateiTinre

Aecerved by /a _— e DaleiTene — "/‘?‘“ _
Refinquished by et A DatelTime £/ 2o

Recaived by DeteTime

FefingLished by DalaTme

H_Enalvad by DatefTime

960 West LeVoy Drive § Salt Lake City, UT B4123
DATACHEM LABORATORIES, INC.

500-356-8135 or 801-268-T700 / FAX: &01-258-3992
woww datachem.com
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DATA
CHEM

R
—— LABORATORIES, INC.

-

19fe s Purchase Drder Na.

ol

Datle

ANALYTICAL REQUEST FORM

NeT  phed o2

1. || REGULAR Status

[[] RUSH Status Requested - ADBTIONAL CHARGE
RESULTS REGUIRED BY ____
DATE

COMTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4, Duote Mo,

flaw Fame, T:;_ L

w

. Company Name ...

DGL Project MERIOer —.

Il‘lif_,r_-. 'A-fa-:,f' L;}m-f(r .S}-

Addrass | 5. Sample Collaction
Bu Hl't M _f—r P f Sampling Site
Peraon 1o Contact ?r:."“"f (:r.l"_‘ff “ industrial Process - —_—
Telephone (44 ) i A ‘;: ¥ ¥ Date o Collsction
Fax Telaphone (o) 49 &~ gL yQ Time Collacied
E-mail Address T SP e &t Tech &fn Dt of Shipment

Billing Address (i Stterznt fram abeve)

Chein of Gusiody Mo

6. REQUEST FOR AMNALYSES

' Laboratary Use Ol § Clignt Sample Humbss Magis* Sample Volime AHALYSES REQUESTED - Use methid numbar il known | Unile™
AN ol Seeec 110966 mb | Mo papld cory
e tes 3B Hol S joR6b mbl | MO fre s (ot
= 3 BEL Chev o] (3516 mb e thood jsoi OETETTRK
3 XG yAp -2 11991 mL pephe 2537  atachydes
N7y Gtz | 9597 == | mCjoe  Herbed suit ]
fiz (L 2 Joogq L L ful Me Pl Soyn
i (uneF 2 Y96 LG ot Me Hod s8%0
e [ae I Jeuy x| ECroc Py Fhed gy
T Geerle | Hi3e0 L | g joc  pMetS goyo
s Cu Tz | D06 L | fCJOC  pabe/ gowu ]
il 75 e T2 | Ge9 8 L | 2c jot  Hetbf vy

= 1 up/sampii

*  Speciy: Solid sorbent lube, e g Charoust; Fiter ype; Impinger sohution; Bulk sample; Blood; Uiring; Tissue; Soil; Waler; Other
2mpm® Zpom 4% 5 _{oler) Please indicale one or mera units in the column entitied Urils™

Commenls

Possila Conlamination andfor Chemical Hazands

7. Chain of Custody (Opticnal)

Relingulshed ty DaleTime
Racehed by S et Date/Time . ¢fze
Resnquished by /et 1% el — DataTime /20
F.iacaiwd by DataiTime
Ralinguished by DateTime

— DateTime

Faceived by

960 West LeVoy Drive f Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

200-356-0135 or B01-268-7700 / FAX: B01-268-9082

wriwd dhatachem.con

161




1

[ -
[ e e e e |
B R

e —
2.Dam_}_M

Purchase Grder No

DATA
CHEM

LABORATORIES,

INC.

ANALYTICAL REQUEST FORM

1. [] REGULAR Status

(SL. oprd o

[] RUSH Status Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY ;

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING BAMPLES

4, Guole Mo

3. Company Nama

;”'1”“{\‘1“% T't{ Ln

jaed paf fasf ST

OGL Projest Manager

5. Sample Collection

Sampling Site =

Industfal Frocess

Addrase
Lofte 0 47 e
Person io Confact ?__? ey Fptew
Telephwne (F ) b 7 f,-"f;'-")"
Fax Telaphone (Fab b9 L. yLye
Emall Address T S pece & T b ey

Drate: of Collection

Tima G

Date of Shipment

Billing Address (if different lom abovel

Ghain of Custody NS, —

6. AEQUEST FOR AMALYSES

baratory UseDnly - Clienl Sample Husier Malrte Sampls Voluma | AMALYBES REQUESTED - Use malhed numbar known (- Lnls*
ji e fe Clhave ! | joboe ME Mt bod [ 5ed 1
pe X AALD-2 | povemn Methd 2579
o Noa pb soeve | Fgav i FOa  Metded b0ty
1y Mo Pl s | Bmon ) MO pu e Loty
HY Ment Coom To— 5 +TPH.

1 ugfsample 2 malm® 3 ppm 4 %

* Specify: Solid sorbent (ube, & g Gharcol; Filler bype; Impinger sofution; Bulk samgle; Blood; Uring; Tigsue; Soil, Waler; Other
5 |ather)  Please indicale one or mone Wis in the column entilied Unils**

Commanits

Possile Conlamination andior Chermical Hazards

7. Chain of Custody (Sptional)

Aecetved by

Relinguished by - Da1eTime
Received by R e Pt DateTime 20
Raliniuished by e e DateTime =% —
Facaivad by DaleTeame
Relinguished by CateTime
DalaTime

860 West LeVoy Drive / Salt Lake City,

UT 84123

DATACHEM LABORATORIES, INC.

B00-356-9135 or 601-266-T700 / FAX: BO1-268-0992
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DATA
CHE

LEECRATORI EC
B Sarenson Company

il

Montana Tech
Attention:

Terry Spear

1300 West Park Street

Butte, MT 59701

Sampling Collection and Shipment
Sampling Site

Form ARF-AL
ANALYTICAL REPORT Page ! of 2

Part 1

0125051D291132RH

JAN 26 2005
Date

Laboratory Group Name 0SI-0167-04
Aeoount Ho. 07003

FAN (406) £06-4650
Telephone [&ﬂﬁ! ﬁgﬁ éé&ﬁ

E-mail tspear@mbech.edu e

Date of Colleetion

Date Samples Received at Laboratery .January 20, 2005

Analysis
Method of Analysis HMAM 5040
Date{s) of Analysis January 24, 2005
Analytical Results
P ] P |
] 4 a i
F] E = o = i
3 E] ] R
Field Laberator Sample i
Sample Mumber ¥ 'Iyge U-c-ll _I: : j :: H r4: ] : 1 5
Humbes U LG O u ] (3] =
- :Eq B e C-g | 2
5 voa - " 5= ¥ - - -
T u Euwm LN aE EuE aE i
o, b g s - X e i
O e} oo hoo B Oh om -
=X B a 5 A oE 8- E B E e ]
1174 05101340 FILTER| 3&. KD 36 D.028 |[=0.00Ld | D.O3E S58.1
L1L53 05I01351 FILTER 14. KD 14 0,045 <0.0083 | 0,045 | 300.9%
1154 O8I01L362 FILTER| 20. KD 20. 0.043 [=0.0027 | D.043 477 .6
L1LE3 0SI0L3E3 FILTER 7. KD 37 0,037 <0.00L3 | ©.037 1007.2
LLEA 0SID13E4 FILTER 17. KD 17 0,041 |[«D.0031 | ©.041 413.0
LLES 0SI01365 FILTER k. HD 3l 0,035 <0,00L5 | 0,038 BRE.E
1175 ASTOLIGE FILTER is, WO 34, G.0d1 |<0.0014 | 6.041 554 .8
LLB BQ QSI0L3IET FILTER HD D WD <0,0074% <0.00L0 [<0,.0074 | 700.0
Reporting Limlk 5.2 1.3 :
| |
! HSee comment on last page. ¥% Hpe comment on last page

HD
HA

Faramater mot detected above LOD.
Parameter not Feguested.
Faramater not appl!cabla.

[ } Parameter between LOD .lnd Lag.

o

e
Analyst: Mel Qi Huang

Reviewpr: Penfjy A. Foote

060 West LeVoy Drive / 3alt Lake City, Utah B4123-2547

Phone {B01) 2
Fax (801} 268-9992

2667700

Web Page: wuw.datachem.com
E-mail: labBdatachem.com
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Form ARF-C

illlIIIllr

])A.! I‘-q ANALYTICAL REPORT Page 2 of 2
01250510291132RY
4}I\{[
A Soramsen Company JAN 2 6 2005
Date

Laboratory Group Name OSI-0167-0&
General Set Comments

Method Reference: NIOSH Manual of Analybical Methods (NMAM), fourth ed., 3/15/03

Sample analysis was performed on a representative 1x1.5 cm® area of the
sample filker. The reported pg/sample values correspond to the entire exposed
area of the sample. The pg/sample values assume an even distribution of organie
and elemental carbon on the exposed area of the sample filter. The value for the
exposed area is sibther specified by the client or caleculated by subtracting 2 mm
{the width of the cassette rim) from the edge of the filter.

The reported results have not been blank corrected.

mg/m* formula: Result / Volume

General Lab Comments

The results provided in this report relate only to the items bested.

Samples were recsived in acceptable conditleon unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above.

This test report shall not be reproduced, except in full, without written approval
of DataChem Laborabories, Inc.

This page is the coneluding page of the report.

060 West Levog Drive / Salt Lake City, Utah 84123-2547
Phone (801} 266-7700 Web Page: www.datachem.com
FAX (Bo1} 268-0%92 E-mail: lab@datachem,com
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DATA
CHEM

LABORATORIES, INC.

{l

ANALYTICAL REQUEST FORM

1. [ REGULAR Status

fer ole T @

[] RUSH Status Requested - ADDITIONAL CHARGE

AESULTS REQUIRED BY

DATE

CONTACT DATACHEMN LABS PRIOR TO SEHDING SAMPLES

2, Date __L){Mhn:hase Ordar Mo,
o, —

4. Quste Mo
3. Company Name Pow Fame, [ 2t L DL Praject Manager
po ey T T ST
Address [io 3] 5. Sample Collection
B e ."_Lf g ] Sampiing Sile

Peraon to Contact Jeviend Spse Indusiilal Process
Telaphone (104 ) Y56y 4 ¥y Dale of Collection
Fax Talaphona [ot) ¥4 8- oL S Time Collectad _

E-mail Addlress __ 7 Sr,. e B b Tec [

Dala of Shipment

Bliling Address (il ditferent from abowe)

Chain of Cuslody Na

6. REQUEST FOR ANALYSES

Clent Snimpla Mumber i Sarmgla ¥oiume ANALYSES AECQUESTED - Wisa mathod numbar If koo umﬂ
AN Pl S |[0266 mb | poa Juafld Coif
1 BN pl Sceve |10d6b mb | MO Se it (olH
3 BG ool [(BEI6 ML (e Fhoid Jsol OETEHTPH
jxXc Ao -2 1974 mL Mefhg 2539 atdcbydes
1 7Y (ruefe | 959 & | KCjue  Herksf guye
-ﬁ'_‘;'j:- (adew F o Jobg & EL /e .l“-'--.f"‘_'«'ulesr L
gy oot BB G L | C fox perled s8R0
e Towrt  Je07.2L | jiCsoc  pathed guyo
: 1LY @etz | YWi3e0 b | g€ JOC  Meth/ gogu
e e o Tt | PRl L | SCJOC  plabbed gugn
BV iy ] 475 ivee (2| Gs1id & | 2 Jot  Hebtd Copo

+ specify: Solid sorbent lube, & g. Charcaal: Fillar ype; Impingar solution; Bulk 5

“{ ugsample 2 mgm® 3 ppm

Commaents

ample; Blaod; Linne; Tisswe; Soil, Water; Ciher
4% 5 ___ [cther) Please indicale one of more unlés in The column entitled Unis™

Possida Contamination andles Chemical Hazards

7. Chain of Custody (Dptionsl)

Aslingushed by DateMimn
Aearived by fh’ﬁﬁ‘;ﬁ‘:—" DalaiTima ‘f/z"’
Relinquished by o SPaet L — DeterMime 2728

Raceived by E so B ()“Ld_—'—i DaleTime Ho‘/)‘pj’j“l"m
Relinquishad by DaleTime
Fecabvad ty DatelTirme

260 West LeVoy Drive/ Salt Lake City, UT 84123
DATACHENM LABORATORIES, INC.

#00-356-9135 or B01-266-7700 / FAX: BO1-288-5502
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DATA
CHEM

LABORATORIES, INC.

Ul

. Date ._M_’Fumhase Order Mo,

1. ] REGULAR Status

ANALYTICAL REQUEST FORM
lsr ol o

RUSH Statue Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY

DATE
CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

2 4. Guote Mo,
4. Company Name ﬁ FacTACTYY T:'f L DEL Project Manages
Address Jlee  Wel fewfi” ST 5. Sample Collection
s [ '“"'f_ 55 7el Sampling Sile
Parson to Gonlast _.rf Y 5—,0"“ Ll Indusirial Procass
Talephone (Yot heb- fyyy S Date of Callection
Fax Telophone (gl 446 = GV Time Golleglzd

IL ,.—-’f-rfrq

E-rrail Address . ‘:—F emv & b Tec

Dale of Shipmanl

Biffing Address (if diffarant frorm alove)

Chain of Cusiody Mo

G, REGUEST FOR ANALYSES

-Lnbnml Cliznl Sampée Humber Mk Sarmple Volme AMALYSES AECQIUESTED - Lisa mathod mumbses Il krewm | Lialis™
fisé ufe- | Le2 ¥ & Aom e forC
j157 o fler | 299, % = 'ﬁ_,‘w,_ o Fe
net Foffer | 3550 L Gpeeiaed vy
ey Gih | 30)y & g ¥y he it
! .?l;; F"'“-'J ',7;'3»3-_ L ::..u:.. .F'r“lellw't. .
i 77 "'::"f?:"- (338 5. _g‘:.:vsv wp St
lit & fininn, PP iefld TO v T
b 5mM finisen b [ty TO J5THTRE
o IThrAs FalE L1 seft pedh T J5TLTPA
ﬂﬁlﬁlf 1F BR ee:le o b [FE/eC #etlo d guve
R “E?‘ ﬁ@, j-'.-.lf‘._.ﬂ f-,l'uu.;. ' qﬁ""i"'-\—r Faiy .

*  Specily: Solid sarbent ube, & g Charcoal, Filer type; impinger sclufion; Bulk sample; Eildod: Urine: Tissua; Sail; Water; Other

- ugisimpe 2 mgim? 3.ppm 4 % 5 (olhar) Please indicate one or more wnits i the calumn erfited Unils™

Comemnls

Possible Contamination andior Chamical Hazards

7. Chain of Custody [Oplional)

Ralinquishad by — e DatedTima

Recaived by /B —L p DeteTime "‘J'fM

Relinguished by KEEMH’L DaleTimea "/E.-o

R by _MF——E oatertine & £ Gt faapt
Fefirquished by DatelTime

Aecaivad by DatelTime

950 Wast LaVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

B00-358-9135 or BON-2E6-T700 / FAX: 801-2568-9892
waw. datachem.com
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Form ARF-AL

D AT AE ANALYTICAL REPORT Page 1 of 4
= Part 1 of 3
01270505083537RX
LABORATORN EB i
A Sorenson Company Date JAN 2? Eﬁﬂﬁ -
Laboratory Group Name 051-0167-05
Aceount No. 07003 _

Montana Tech
Attention: Terry Spear
1300 West Park Street

Butte, MT 59701 FAX (406) 406-4650
Telephone (406) 400-&£445

E-mail tspearBmbech.edu

Sampling Collection and Shipment
Sampling Bite Date of Collection

Date Samples Received at Laboratory January 20, 2005

Analysis
Method of Analysis NMAM 253G, MMM 2541

Date(s) of Analysis Jannary 26, 2005 .

Analytical Results

] []
] =
L] e
2 L) L3 = E
;: I 4 g
Flald Laboratery |Sample| &g u = £a @ v - S He
Saapla Humbar Type =] [ e CT - ] @ - M
HumbeE o - - B o a0 o - B & O
- B )] mEQ —~ER caa nES m EO BES
aam -+ e 5 L £ X e
oAk G B E min = W Ak 19 ALy EL R By
[Tt e A g A L D Bt L
s =] 2wy O B IH!E oo wa mo by
= 1) ooy L] = oA L] e 20 1]
L H T5I01368 LAD-2 Ho HD ®HO KD RO HD WD D
2 G DS5INL363 XAD=3 HD HD HD HD RD HD HD NI
2 wW BEI0L3?a KAaD-2 WO { HD KD HD HD HD HD o
1 WG BSIOL3TL EAD-2 - L bl o 1 Ll -k - W
1L x N5IQL3T2 KaD-2 KD RO HD HD | HD RD KD no
Aaporking Limit 0.3 0.3 0.3 6.3 0.3 a.3 0.3 0.3
H
H

t Ses Somment on Last page. w4 Hee comment on LAst pade.
HD Parameter not detected above LOD. { ) Parameter between LOD and LOQ.
KR Parameter not reguested. *

HA Paramster not appliceabla. f /9 /-
- T AN E /ﬂd

Reviswer:

960 West LeVoy Drive / Salt lake City, Utah 84133-2547
Phone (801} 2%6-??(}0 Web Page: www.datachem.com
FAX (801) 268-0992 E-mail: labBdatachem.oom
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=
o

A Borenson Company

Montana Tech

Attention: Terry Spear
1300 West Park Street

Butte, MT 59701

Form ARF-AL

ANALYTICAL REPCORT Page 2 of 4

Sampling Collection and Shipment

Sampling Site

Part 2 of
01270505083537RX

bave  JAN 27 2008

Laboratory Group Name 05T-0167-05
Aeoount No, (7003

FAX (406) 496-4050
Telephone {406) 406-4445
E-mail

Date of Ceollection

Date Samples Received at Laboratory .lanuary 20, 2005

Analysis

Method of Analysis NMAM 2530, NMAM 2941

Date(s) of Analysis Japuary 26, 2005

Analytical Results

] ]
bl & = u ]
Bl = e o =1
Flald Laberatory |Sample| 5y H H z b
Bample Humbar Type o [] 5 3 g —nu _' 3
Humbe s aFa A * o = A4 a 5 A a o |2 o
u g ] - H I s a - a - 3 TR =
ooy oy o _In e I [ % FT ) m i m
o o B u B 42 B U E™ BE™ =% B 0 EE
-2 i Eui U L = &L = L= ;‘FMU Boope
=2l L L o L3 &= (] T jHe] H O DD
L X OSI0LI6E LRD-2 HD <0,01L |[<0.0085 |<0.0066 | <0,006 <0.0032 [<0.0048 <0.0055
] Q5I01L35% LAD-2 HD <3.0077 |[<0.0060 [<0.0047 | <0.001 [<0.0030 |<0.0034 [<0.0038
2 AW Q5I0LATD ERD-Z HD =0,.019 | <4.015 | <0.01Z% | <0.028 |(<0.0074 (<0.0084 (<0.00%0
3 xS 05101371 EAD-2 - ok e -k ok e hw i
1le X 05101372 EAD-2 RD 0. 21 =016 0,13 0. 31 “0,000 | <0.092 | <0.11
Reporting Limie 0.3

See coemmant on last

page.

HD Parameter not detected above LOD.
NR Paramcber mot regueskted.
WA Parameber not applicable.

&% Spe comment on last

Eag .
{ ) Parameber bestween LOD and LOQ.

960 Weat LeVoy Drive / Salt Lake City, Utah B4123-2547
Phone (801) 266-7700

FAX (BO1) 268-9992

Web

Page: www.datachem.com

E-mail: lab@datachem.com
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DATA

L&BD
A Sare

]

RATONE K
naon Company

Montana Tech
Attenticon: Terry Spear
1300 West Park Street
Butte, MT 59701

ANALYTICAL REFPORT

Sampling Collection and Shipment

Sampling Site

Date

Form ARF-AL
Page 3 of 4

Part 3 of 3
0127050508353 7R

AN 27 700%

Laboratory Group Name 051-0167-05
hooount No.

E-mail

Date of Collection

07003

Fax (406) 49R-4650
Telephone (406) 40R-4445
ach., edu

Date Samples Received abt Laborabory _January 20, 2005

Analysis
Method of Analysis NMAM 2539, NMAM 2541
Date{s) of Analysis January 26, 2008
Analytical Results
o |
s i
- 1 &
& o
] =
Flald Laboratory |Sample ﬁ ﬁ E
SBample Humber Type - L] 3
Humbiaz g a ';' a s
- - - [ o
@ I o o
S E™ - E™ ["F]
ol = J -4
[ ] I C
1 X 05101360 ¥AD=3 |<0.00B2 [K0O.0055 15,3755
z G B5I0LIED KAD-2 |<0.00S@ [0,.0039 | 21.687
2 X 05101370 KAD-2 | <0.014 |=0.00%8 | 8.712
3 XG B5I0LETL KAD-2 W "l 19,914 -
114 X BEI0LITR HAR-2 | <D.16 “0.11 | D.%
Reporting Limit |

i Hme comment on last page.
HP Parameter not deteckted above LOD.
MR Farameter not regquesbted.

MA Parameter not Bpplicable.

960 West LeVo

a

*+ Bop commenkt en last Page-
{ | Parameter between LOD and LOQ.

Phone (801) 266-7700

Fax (801) 268-9992

Drive / Salt Lake City, Utah B4123-2547

Web Page: wuw.datachem,com
E-mail: labBdatachem.com
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Form ARF-C

Uil

D A LNALYTICAL REFORT Page 4 of 4
A I 0127050508353 7RX
LABORA CRI ES "
& Sorenscn CompARY Date _ IJ&N £ ? Eﬂﬂﬁ

Laberatory Group Name 051-0167-05
General Set Comments

pom formula: (24.45 * Result) / (Volume * M)
The B section of sample 05101369 was missing when recieved.
Sample 05I01371 was not on KAD-2 (treated) tube and was not analyzed.

General Lab Comments

The results provided in this report relate only to the items Lested.

Samples were received in acceptable condition unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above.

Thiz test report shall not be reproduced, except im full, without writtem approwval
of DataChem Laboratories, Inc.

This page is the coneluding page of the report.

960 West LeVu% Drive / Salt Lake City, Utah 84123-2547
Fhone (B01) 266-7700 Web Page: www,datachem.com
FAX (B01) 268-9092 E-mail: labBdatachem.com
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e e
LABORATORIES,

-

q"
2. Date . .LMU_Furchase Order Ho.

DATA
CHEM

INC.

ANALYTICAL REQUEST FORM

1. [] recULAR Status

\BE A4

FUSH Status Requested - ADDITIONAL CHARGE

RESLULTS REQUIRED BY

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

dawy f‘ﬂ.u 3

3. Company Name

Teeh

4, Gusta No.

jlee wisf Fari(

Addrass

cf

pogfe T

sg00

—==
Person to Contact Jevey  Fyes

-

Tetephane {iz: ) Wl - Mgy

Fax Telephane | §L) Jelb m ye e

3 T e chooedy

E-mail Address L2 P CAV
Biling Address (f diflerent from abova)

LYSES

DCL Project Manzgar

. Gampls Collection

Sampling Site

|ndustrisd Process

Date of Collection

Tima Collectet

Daie of Bhipment

Chein of Cusiody ND. e

6. REQUEST FOR

el e

caflafin

= Cliant Sampls Membar Malis" Sampie Volume MJAL\'SESREQUESTED-U::mlrndnmmrnmm '.Jnllsj
LAV pal. s v | 94919 ml | MO fha bt Goiy
[ BM ol Seee | 949k mL| MO jie thed Golly
| & clovesnl 22854 ml Mofheed jgel
[ ¥ YA 215857 ml poHod 9539 Rond 2
& hw Nﬂl'I.S-'""‘ _ﬁ‘am__f\"ol Ma S fooiy
28w pol srevt (2905 mbL | MO Mot/ Coty .
a2 A M Mol Soeve 10379 mlbl | HO2 ﬁu*w-"{-cﬂf (o oS r-ly. }—_19
9, BV i clete | |2L10% mL MeFhaed 150 4
1 EPG Clnﬂ.":—i.i Elq%:aﬁ i L e )LL"'J ,15_0i'
B a6 YA (21681 mt foe Hhucd 2537 B 1
AL Ry w vAp-1 1§78 mbl e fhed 2539 Toen
Specily: Solid sorben ube, 89 Charcoal Fies type: mpinger solution; Bulk sample: Blood; Urine; Tissue; Soil \Wetar, Dihar
**q upieample 2 mgjm"' dppm 4% B {olher]  Please indicale ona of moTe urils in the column enditied Unis™
Commenls -

Pogsltle Coramination endior Chemicsl Hezards
7. Chain of Custody (Optional)

Falinguished by DateTirme

Resetved by Bl e DelaMime rf{z"“

Relinguished by e at At DateTime /e S—
Aecaivad by DalaTime -

Aelinquished by DelefTinE —

Receivad by

DatalTime —

060 West LeVoy Drive / Sall Lake City, UT 84123

DATACHEM LABDRATORIES, INC.
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§00-156-8135 or BO1-266-T700 [ FAX: B01-268-9902

wosrw. datachem.com



DATA
CHEM

“EEmew=SP  LABORATORIES, iNC.

-

2, Date m Purchase Order Mo
s

ANALYTICAL REQUEST FORM

1. [] aecuLAR Status ,f-\_lcfff Dl oy

[] RUSH Status Requested - ADDITIONAL CHARGE

RESULTS REQUIRED BY
DATE

GONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4. Cuole Mo
3. Company Name How Tame S 2e DL Projsc! Managar

Addrees [Roe Wi T beeft 3 5. Sample Collaction

[ M . v.d Sampling Sile
Person 1o Gonlac] _rr;"’"'":’ S e Industrial Process
Talsphone (0l ) el 10 by r Date of Collaction
Fax Teleghane (ul)_ W9 b= L 50 ___ Time Coliecled
E-mall Address ] 3 p £85 & Teck  &dw Date of Shipmant

Billing Addrass [ dilerent from above)

Chain of Cuslady Mo

ST FOR ANALYSES
U Glignt Sample Mumber (= Bample Volume | AMALTEES BEAWESTED - Use mathod numbes d known | Units™
1AM S 10866 mb | PO frefld Cord
A anM pol Sreve | (0866 mL Mex ,fHe.“'luJ Lol #
3 BG Cher teaf ({2576 mL [ .f“l'or..‘l'p Jso AsTETPH |
3Xe yAo-2 19y mb Frofbg 2537 atldebpdes
7Y Gueete | 9594 & | pCfoe  Hetbsd s
lis3 e f2 Tooq L | fLjuc e Pl govo |
sy Pz | BiRe L | ECjoc e Hod 878
s oo fe  |Jeb7.2 L | jicroc  rathed suyo
jHey (el | Y30 L | g JoC prethed  Coyo
s Do ¥z | PBbib L | ACJOC  fle Flod sy
o7 foerfz | 95¥i¥ & | 3¢ joC  Jlerbed Cupe |

"y uglsample 2.mgim’ 3 ppm 4% 5

+  Specity: Solid seibent e, p.g Charcoal; Filer types Ierpingar
_(other) Pleess ndicaie ons of mone uniits i 1he column entiled Unilte™

eolullon; Bulk sample; Blood; Uring; Tssue; Soll; Watar, Qlher

Cammenis

Pussble Contasmination andior Chemical Hazands .
7. Chaln of Cuslody (Optlonal)

Aelinguishied by DaleTime

Recetved by SC et P Date/Time ifzo
Relinguhed by St (e DateTine 1713
Feceed by — —. DaleTima
Relinvguished by Dl Time
Faceived by Dabe/Tima

080 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

B00-358-87135 or B01-266-TT00 / FAK: B01-268-9832

www.datashem.com
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DATA
CHEM

o
— LABORATORIES, INC.

-

2. Date _M Purchass Qrder Mo, -

ANALYTICAL REQUEST FORM

1. [] REGULAR Status

DT .ol DF

D AUSH Status Requested - ADDITIONAL CHARGE
RESULTS REGUIRED BY

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4. Quote No.
3. Company NEmE .. Homfang Too L DL Project Marges
Address .J‘r je B e r I-p‘l" i s 5. Sampla Coliection
Eoite B0 Janvf Sampling Sie
Person 1o Gontact {227 Fen e Industrist Process
Talephone (946 ) et © ' ey~ Date of Collection
Fas Telephane (o i 3 - Y LTE Timo Colbected -
E-mall Address 5_,.«:' sme & _pteb. ety Dele of Shipment
Billing Address (il ditfarent from abova) Chain of Cuglody Mo
6. REQUEST FOR ANALYSES }
e Clierd Sampie Mumbar Mt Eample Volama | RNALYSES REQUESTED - Use mathad number if known | Units™
j1? Be Claveee | | Jovoe ML Metbed . jroi
e X HAD-2 | seoe mn fethd 2539 ]
P Moz Jrl‘f.Jf. 5o GO MOa M thod  GOiY
',r,r Y, Mol 5t Fooe HL MO [ ,F,L.Jl oy
Hi esd Coee To_ s & TP

Specily: Solid sorbent tube, &g Charcoat; Filler typs; Impinger solulian: Bulk sample;

** 1. uglzample

Comments

2 mgim® G ppm 4% B

[othary

Bload: Litne; Tissue; Soil; Weler, Diher

Please Indicats one or mooa units in the column entitled Units™

Possibla Conlamination andfor Ghemical Hazards
7. Chain of Custody [Dptional)

Relinguished by DrateTime —

Received by Ay DatalTime oz

FeBnuished by P, DateTime "r’fg'o —
Recaived by DateTime

Ralinguished by DataTime

Roceived by — DateTime

350 Weast LeVoy Brive / Salt Lake City, UT 841 23

DATACHENM LABORATORIES, INC.

500-356-3135 or B01-266-7700 / FAX: BO1-268-8092

173

wirw.datachem.com




DATA
CHE

L

]

=

QR ES

A& R
A Borenson Company

Montana Tech
Abtention: Terry 3pear
1300 West Park Street

Butte, MT 55701

ANALYTICAL REPORT

Sampling Collection and Shipment

Analysis

Sampling Site

Form ARF-AL
Papgs 1 of 2

Part of 1
D12?U509192994R!
JAN 27 2005

Date
Laboratery Group Name 0S1-0167-06
Lecount Neo, 07003

FaX

{406) 406-4650
Telephone {400) 40B-4445
E-mail rEmbech, edu

Date of Collection

Date Samples Received at Laboratory _lsnuary 20, 2005

Method of Analysis NMAM 0500

Date(s) of Analysis.January 27, 2005

Analytical Resulbs

Fiskd Laboratory |[Sample| 1 = H H |
Sampla Kumbar Type R L g |
Humbar :E 3 3;1 {
—da Hda ok { {
el @ A E o | |
4o, &g, 4 { |
oum i ] i |
B g Bt LA |
L15& OSI0LITS FLILTER HD «0.03 E6Z.4 |
1157 O5I01374 FILTER HD <0.05 95,4 ]
1166 O5I0L3TE FILTER D <0.03 635.1
L167T OSIDLITE FILTER HD <b .07 03,4
1178 OSTOLITY FILTER D <0, 03 712.2
1177 OSIDLATE FILTER HD <0.03 682,85
118 BG ASTHLITS FILTER HD <0 .05 400.0
Repaorting Limlt D.02

Spe comment on last page.
HD Farameter not deteckted absve LOD.

HRA Parameter not reguesked.
HAa Paramater mot applicable.

960 West LeVo

Phone (801) 2B6-7700

Fa¥ {801) 268-9992

4% Ses comment on last page

- Dara?a: bﬁ.%i o

Apalygt: Pater P. Gtaan

o pd .

Raviewar: Paul H. Hagardlchlan

Drive / Balt Lake City, Utah B4123-3547

Webk Page: wuww.datachem.ocom
E-mail: labBdatachem.com
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Form ARF-C

DA' I 1 AE___ ANALY¥TICAL REPORT Fage 2 of 2
— 01270509192934RY
\
CHEM
L'Ll Eloﬁ:Zn:‘::n nl_'gn:'pi:\' JAN ? ? EUUEI
Date

Laboratory Group Name 051-0167-06
General Set Comments

Results are nokt blank corrected.

General Lab Comments

The results provided in this report relabe only to the items tested.

Samples were received in acosptable condition unless obherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above,

This test report shall not be reproduced, except in full, without written approval
of DataChem Laboratories, Inc.

This page is the concluding page of the report.

960 West LeVoy Drive / Salt Lake City, Uteh 84123-2547
Fhone (B01) 266-7700 Web Page: www.datachem.com
Fax (8013 268-9992 E-mail: labBdatachem.com

175



DATA
CHEM

LABORATORIES, INC.

(Wl

. Date M Purchase Order No.

(5]

ANALYTICAL REQUEST FORM

1, [ ] REGULAR Stams

&L ol D

RUSH Status Requested - ADDITIONAL CHARGE

RESULTS REQUIRED BY —

DATE

COMTACT DATACHENM LABS PRIDOR TO SENDING SAMPLES

_EEE ﬁ@nf&wq T:f'L

=

. Company Namie

Address jlec Wt Pewt” ST
Lo fix T segel
Persan ko Contast ’J’fd"’”‘,f S-r,ljleru [ .
Talephane (Y ok} gt Sy T
Fox Telephane {gul) ia b - yLvO
E-mail Address - S & ook el

Billing Address [if differant from abave)

Chain of Custody Mo

4. Guola No
DCL Project tManager

Industria! Process
[rake of Caollection
Time Collacied
Dale of Shipment

5. Sample Goliection
Sarmpling Site

5. REQUEST FOR AMALYSES

fyUan Oy | Clenl Sample Mumber Malr® Samgie Volume | ANALYSES REQUESTED « Lisa methad rumbar | krer | Unls™

[ 576 frife- | L2 Y B A | e 1 C

jis7 Fodler | 359, ¥ - o v e P

el Goffim | L3550 L Gyesieel L

67 Sl | 103y & WAy e Fi

7 e | A L e, P Fu e

177 Feltes| co25 & Sver wp fo

Lt & Minceru, peh plpld TO jo + TP

H&?M frinitten A f‘qﬁ;ﬁ;u" TC: J.rs"é-rpg
- R 17 % [iad e ol pathe TSR TH
T }“,: 30 ,@Iuh,r'.-.. Deu E FEfoC _ﬁﬂrl’ru.-dj 5o e
il gal 19 ac Fulfer Liute i guar e Fore

Specity; Solid sorbent tube, & g. Chrcoel; Filier type; Impinger solufion; Bulk sample; Bitod; Urne; Tissue; Sol; Waler; Dher

*{ ypsample 2 mpm® 3.ppm 4 %

Comments

g _ __ {othar)

Please indicats one of more urils in the column enlifled Units™

Pessitle Conlaminalion andior Chemicel Hazards
7. Chain of Custody {Dptional)

Belinquishad by - DrabeTima

Fecated by fB ot AT Dt/ Time rf ==
Relinquished by ;Z’M';ﬂ"'ﬁf__' DalaTimi {'/z'a
Reonived by DatefTime
Relinguished by DaleTims

Facaivad by DaleTime

50 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

BOD-356-9135 or B01-266-T700 f FAX: BO1-268-88%2
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]

DATA=

A Borenson Company

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 59701

Sampling Collection and Shipment

Sampling Site

ANALYTICAL REFORT

Form ARF-AL
Page 1 of 2

Part of 1
021505131833065'1{

FEB 17 7005

Date

Laboratory Group Name DR1-0480-01

Account No. 07003

Fax (406) 496-4650

Telephone [400) 400-4445
E-mail tspear@mtech.edo

Date of Colleckion

Date Samples Received abt Laboratory Eebruaspy 11, 2005
Analysis
Method of Analysis NMAM 5040
Date(s) of Analysis February 15, 200%
hnalytical Results
=] =
a o
a o ] -]
[f o ] o
Fleld Laberatery [sample| 3, — fa E] - 4 H
Sample Humber Type - L] o - L] " =
Miumbar “B | 3| B | e | fE |l |3
AR L] - a= ['F-R1 = =9
nn B u e =Y Huil AR
O Ll A o, oot b El
- - o m um - = ) e
o L B D& "] BE =3
273 LERGTE R FILTER| 31 2.1 3. 0.060 D.004E | D.D72 457.24
2T2 QSI04874 FILTER 34, 2.1 IE . o.073 D.0044 | 3078 466:5
E270 05204975 FILTER HD HD HD <0.0L0 [<D.002& | =0.010 500
Report'ng Limit 5.2 1.3

! ESee comment on last page.

HD Farameter not detected above LOD.
HA Farameter not reguested.

HA Parameter not applicakle.

*% Hee comment on last page.
{ | Parameter between LOD and LOQ.

e I r{7£'—‘“—:ﬁl

Andlyst: Mal QL Huang

A.%@

RAeviewer: Pcuni‘ A. Foote

960 Wesk LeVoy Drive / Salt Lake City, Utah B4123-2547
Web Page: www,.datachem.com
E-mail: labBdatachem.com

Phone (B01) 266-7700
FAX {801) 268-9932
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Form ARF-C
ANALYTICAL HREPORT Page 2 of 2
02160513183306RY

DATA
I_

BECRATORI ES FEﬂ 1'}- 2[”35

LA
A4 Sarenson Company

=l

Date
Laboratory Group Name 051-0480-01

General Set Comments

Method Reference: NIOSH Manual of Analytical Methods {NMAM), fourth ed., 3/15/03
Sample analysis was performed on a representative 1x1.5 em® area of the
sample filter, The reported pg/sample values correspond to the entire exposed
area of the sample. The pglsample values assume an even distribution of organic
and elemental carbon on the exposed area of the sample filter. The value for the
exposed area is either specifled by the client or calculated by subtracting 2 mm
{the width of the cassette rim) from the edge of the filter.
The reported results have not been blank correckted.

mg/m? formula: Result / Velume

General Lab Comments

The results provided in this report relate only to the items tested.

Samples wera recelived In acceptable condition unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above.

This Lest report shall nob be repreduced, exeept in full, without written approval
of DataChem Laboratories, Inec.

This page is the concluding page of the report.

960 West LeVoy Drive / Salt Lake Ciky, Utah B4123-2547
Phone (801) 266-7700 Web Page: wwu,.datachem.com
FAX (801) 268-9992 E-mail: lab@datachem.com
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DATA
CHEM

LABORATORIES, INC.

{y

e
=]
13
"

ANALYTICAL REQUEST FORM

"5‘1 [ UJ\L

1. [ ] REGULAR Stalus

[] AUSH S1atus Requested - ADDITIDNAL CHARGE

RESULTS REQUIRED BY
DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4. Guota Mo.

M Purchase Grder No.

3. Company Name

Address oo wesd Pl A=

B w78 N

DL Project Manager

e

. Sample Collection

Putle 0T 5570

Sampling Site

Parzon to Contact

Indhstial Process

’Erfj Spear

Telephana (406 | HY o= HULLS

Dale of Collaction

Fax Telephone {qog)—S0%l~ 44680

Time Callectad

E-mail Addrass Fech. eedecd Dateol Shipmant
Bllling Address (If difierent trom above) Chain of Gustody Mo
6. REQUEST FOR ANALYSES
: Lu.hwq*lnryi-.l“-{)m Glianl Samplz Number Malrn Sample Voume | AMALYSES REQUESTED - Use mathid nomber B knpwn |- Linita®*
B kD Guorle Fb] H5IAF L [FCJoC_ (pmpr gow)
e 172" Guufz £l WELY L (A FAM 50
Miary X e | Y238 b | e antoo (phinfen) ]
M| PR 22 Flped 5760 L | Gy ke Pooe (400 A = |
Jygo.L ec )
ME27 il noee | Bgmws ce | vOa (pfn 6o )
S Thadn e pe (prfes Gew )
M a7 el [35ast ce | BEFE wd ptag Ao (PR
Moy R KA P1a%6 cC | Mlickyde scran (VMAR 2525)
T a7 M Voo Scecen EPATOIS JHeie

*{ ugsample 2 mgm® 3ppm 4% 6

Comments

* Spql:.hy Solid sorbenl iube, &g Charcoal; Filler typi; Impinger schulion; Bull sample; Blood; Urine; Tissus; Soil;, Waler; Oth-.mr
o lother) Pleass indicale one of mone unis in lhe colemn entilfed Unilz**

Possile Conlasminaiion andier Chemlcal Hazards

7. Ghain of Gusledy {Optional)

Refinquished by Dt Tirme
Fecalvad by S el P P~ i
Relinquished by DateTime
Faceied by S DataTime
Relinquishad 0y ce— DataTime
Frecelved by CateTimea

950 West LeVoy Drive [ Salt Lake Gity, UT 84123
DATACHEN LABORATORIES, INC.

2800-356-9135 or 801-2866-7700 f FAX: 801-266-5892

www.datachem.com
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DATA
CHEM

LABORATORIES, INC.

(i

-

2. Date JJII_Q_J’QS_ Purchase Order Mo,

ANALYTICAL REQUEST FORM

P P
1. [ ] REGULAR Status LF:-_J’-—i t'.l'c.’ﬂ,ra (i
[ ] RUSH Status Regquested - ADDITIONAL CHARGE
RESULTS REQUIRED BY .
DATE

CONTACT DATACHER LABS PRIOR TO SENDING SANMPLES

4. Quols Noo

3. Company Name Mo e Tre b
Agdrass

DL Prajact Manager

.5, Sample Collection

Parsan ia Contect T2y St

Tetaphone (gog) A2 4 4 Hyys

Sampling Site

Inthsinial Process —

Date of Collaclion

FaxTelephone (gog S496- Q650 0 .
sl

E-rmafl Addrass
Bing Address (i differend from abave)

6, REQUEST FOR AMNALYSES

Tima Collectad

Date of Shiprmea

Chain of Custody Mo

‘Labaratory Use Oy Cliant Sampla Mumber Matrix®

Sample Voleme | AMALYSES AEQUESTED - Usi methad number i knowan | Linj**
ELate. | B2 R ¢ | GuaraRh. gee L e jec (Frimgese)
R A G EnT L Lot & v S f.-UMﬂ."“]m:}
£ A7 Chvsoal | 300ceee piiy [ wrmm ovof
MOA127 Polgiew | 3r@Bce pey (amdn gery)
Hydnay YA & cod A J'.'f""i' oo ( Aomicr 2z

" Spacily: Solid sorbent fube, e g Charcoal, Filter lype; impinger sclution: Buik sample; Biood; Uring; Tissuw; Sod, Weter, Other
* 1 uglsarple 2 mo/m® 3 ppm % 5 f{other) Please indicate cns o mare units In ihe column antitled Linis®

Commeanis

Poasits Contaminalion and'or Chemical Hazards

7. Chain of Custody (Dptional)

Aelinmeshed by

Raceived by /fp—.ﬂ&‘f‘m

Ralinquished By ——

Receivad by

Refinguished by

Recsived by

DigleTime

— DatafTime '2"#{"’

DiatifTirre

DaleTame

DaleTime

DiatenTime

960 West LeVey Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

BO0-356-9135 or 801-266-7700 f FAX: B01-268-8992
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il

DATA
CHE

OF | ES
A Bgranson Company

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 53701

Sampling Collection and Shipment
Sampling Site

ANALYTICAL REPORT

Form ARF-AL

Page 1 of 13
Part 1 of 2
02210519093802RY

pate _ FFR 2 2 7005

Laborabory Group Name OST-04B0-0&
Account No. 07003

X (408} 49B-4650.
Telephnne (40B) £96-4445

E-mail

Date of Collection

Date Samples Received at Laboratory Fahruaey 11, 2005
Analysis
Method of Analysis HMAM 1501 .
Date(s) of AnalysisEebrosry 18, 2009
Analytical Resulfs
@ ] ]
a a o
o [ [: ]
Fileld Laboratory |Sample . v Ao o Eda 2
Rembis mamber TRl x| w3 | &3 | 4| 303 i
Humber cE =¥} B GE' ogH g g
e aa = u = n e TR - o -
oW =i L amn maTn s = o
B ™ 8y ) e EE ~E & E
om oo - 29 1] 1 & By iy
= E HE I E = E | ] E [N+ i O I L
27 DSTO4082 TUBE HD HD Hp KD 0.014 [<0,0087 | <0.074 | <0.064
317 OEIO4583 TUBE HD HD np [£ix] { HE «<f,0140 | <0.0B8 | <0.077
Reporting Limit 0.0010 | 0,010 | 0.010 | 0,010 | 0.010

See comment on lask page.
Parameter not detected above LOD.
Parameber not reguested,
Faramater nobt applliecable.

ele]
HE

!

% Seg commeant of last page.

y Parameter between LOD and LOQ.

Anabyak:

Jrelo [

Reviewer:z Vicki Hoe -Lin Tzai

¥

Lo
hce Lt Fai

ng Hee !oun

960 Weat LeVoy Drive / Salt Lake City, Utah 84123-2547
Web Page: www.datachem.com

Phone (801} 266-7700
FAY (BO1) 26B-59952

E-maikl:

181

lab@datachem.com



iy

Form ARF-AL

D Q T A ANALYTICAL REPORT Page 2 of 3
Part 2 of 2
02210519093802RX

LABORATORI ES
A EBorangen Company

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 59701

Sampling Collection and Shipment
Sampling Site

-E8 2 2 2005

Date

Aceount No. 07003

FAX (406) 4964650
Telephone (406) 40L-4445
E-meil Gtapear®mbtech.edo. .

Date of Collection

Date Samples Received abt Laboratory

Fehruary 11, 2005

hnalysis
Method of Analysis HMMAM. 1501
Date(s) of AnalysisPebruary 18, 2008 _
Analytical Results
. L
Field Laboratory [SEample Eé E j
Sample Humber Type 3 El i
wamber " 2% | 2
] L = b
- AU G
= E B mE o4
Eadel O O ]
= o =] =) ol
M27 DEI04502 TURE =0.064 0.11 35.553
B27 05I045R3 TUBE 0,077 | 0,085 | 30,000
faporking Limig {

Ses commant on last page.
Paraneter not detected above LOD.
Parameter not requasted.
Parameter not applicable.

e
&

** Zee comment on last Eugz.
{ } FParameter batween LOD and LOQ.

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (801) 266-7700
FaX (801) 268-9992

Web Page: wuw.datachem.com
E-mail: labBdatachem.com
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Form ARF-C

(ly

DAF I'l A BNALYTICAL REPORT Page 3 of 3
= 02210519093802RY
CHEM
L Il!)' A ORIT ES

=y A9 annE
A Seransen Company Date rl_b A

Laboratory Group Mame 0S1-0480-04

General Set Comments

ppm formula: {24.45 * (Result * 1000)) / (Volume * MW}
"Total Petroleum Hydrocarbons" is the sum of all peaks in the chromatogram
minus the solvent and requested analyte peaks and guantitated against n-hexane.

General Lab Comments

The results provided in this report relabte only to the ltems tested.

Samples were received in acceptable condition unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above.

This test report shall not be reproduced, excepk in full, without written approval
of DakaChem Laboratories, Ino.

This page is the concluding page of the report.

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (B01) 266-7700 Web Page: ww.datachem.com
FaX (8B01) 268-9992 E-mail: lab@datachem.com
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DATA
CHEM

LABORATORIES, INC.

(il

2. Date Mpurnhaaﬂ Order No.

1. [ REGULAR Status

r ]

IS0 (o

ANALYTICAL REQUEST FORM

[} RUSH Status Reguesied - ADDITIONAL CHARGE
AESULTS REQUIRED BY __

DATE

CONTACT DATACHEM LABS PRIOA TO SENDING SAMPLE

_ 4. Quote Ho

3. Company Name

Nllﬁn[rﬂmr. TEeks

Address
Butle 0T S578]

DCL Progact Menagar

w

Sample Collection
Sampling Site

Parson o Contact [ ] SpEAL

Ir rial Process

Telephone (405 ) —HTe- HUHHS e Date of Colieclion
Fax Telephone (ol 9% = 4460 Tirre Colfacted
E-meil Address — 1 Fech Date of Shipment
Eiling Addrass (if different from above) Chain of Custndy Mo e
& REQUEST FOR AMNALYEES
i Dmlm]'klmﬁn v Cligri Sampla Kumbar Malric® Sample Volurme | ANALYSES REQUESTED - Use method number il known | Units**
FE Tuo ] 5237 L EC/0C  (phps 5o o |
171 iz FiM $66 s L (pFAM 50w
M dry S Egme) Y338 b | ameantes (wRAR ()
MmGEiFR Tl o I 8 ree ke Foe [ W tapsy @)
}ﬁl"n:r. (= . - )
pM a7 Gtl g, e e B ey (flr-'ldl"- C;n'Ji'fJ
Ja MK 29 Toaehes e e i Gery )
i 'J.'-ll C-L'.-r{_n-c f;j':"_'.'f? (== ,G.'Ef-l’ tnd fale | S i.rnr'J‘l""lr"inl'-nfl‘l
WEY ¥ AT pagie e | Alucdyd sevan (Vhan 1ri4) |
i e At a 7 Min o oo st-aem  £PA T8 18 ,IJI’-,{H‘;_’
* Specity: Solid serbent ube, & g Gharcoal; Fillar type; Impinger soluen; Bulk samphe; Blood; Uring; Tissue, Soll; Waler, Other
9 uglsample 2 mgfm® 3 ppm 4 % & __ (other) Please indicale cae or mon Lanits i tha column entitled Unils*
Commants

Possishe Contamingtion andles Chamical Hazards

7. Chain of Custody {Dptional)

Relinguished by DataTime
Recehvad by /i "_"_(.""“'ﬂ: DaleTime 277 -
Fefinguished by Dt Time
Recaived by —_— DataTime
Ralintuished by Date/Time
Fecabeed by DatefTime

960 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, ING.

B00-356-9135 or 801-266-7700 [ FAX: 801-268-0002
wwwe.datachem.com
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DATA
CHEM

TS ) ABORATORIES, INC.

=
—

2. Date Jf_‘lb_ﬁ_ Purchase Order Na.

I

1. [ ] recuLAR Status

ANALYTICAL REQUEST FORM

(1 A

[[] RUSH Status Requested - ADDITIONAL CHARGE

RESULTS REQUIRED BY

DATE

_CONTACT DATACHEM LAES PRIOR TO SENDING SAMPLES

4, Quote No.

M feng Teein

3. Company Mame

DL Project Managar

12600 tlent Pork SE

Addrass 5. Sample Collection
gg.ge-: P 55761 Sampling Sile
Person io Corfadt . LErL) ﬁgﬁw’ Incustrial Procass
Telephone (o) A96 X HUY S Diate 5f Cellection
Fax Telaphone (gog— A 5= =] Time Collectad
E-mall Addrass = Date of Shipmeni
Bllling Address (il differer rom above) Ciwin of Custody No

G, REQUEST FOR ANALYSES

Clent Sample Hunber Mawix® Larnple Volume ANALYEES FEQUESTED - Usa methnd rmurber il known | Unks

LENE T Guarefl. 5o £ e /et (FHamgo) |

n1n e AL yset G ot rie L0 Mgl 45 )
Y. Charesu] 16 0e0 e BETY (aem pim Wﬂf‘f
_beaas folsnw | 35@8ce PG [ Awfin feir)

Q1434 YA boovec | Aldihdeyioe ( dmper 2rss)

=1 uglsample 2 mgm® 3 ppm 4 %

(O Mants

Specity: Sofid sorbent fube, 8.q. Gharcoal; Filer wpe; Impinger solution; Bulk sample; Bload: Uring; Tissue: Soll: Waler; Cther
5 fofher]  Pleese indisale one or mere units in the column eniiied Unlls**

Possile Contarmination amior Chemicel Hazards

7. Chain of Custody [Qplienal)

Relinguished by Crate Time
Fecsived by Y 2 Bete/Tine 1,’;4’
Refinquishad by DaleTime
Recehied by DakeTime
Relinguished by Date/Time:
Raceived by Deta/Time

950 West LeVoy Drive [ Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

BOD-356-8135 or 801-266-7700 / FAX: B01-266-9992
www.datachem com
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_ Form ARF-AL
Dﬂ Tg ] ANALYTICAL REPORT Page 1 of 4
= Part 1 of 3
n 02200523492859R
Iy ;:fin.%,n %2.;1,5:, FEB 21 0800

Date
Laboratory Group Name OSI-0480-06
Aecount Mo, 07003

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 59701 FAX (406) 406-46

Telephone (406) 49A-4445
E-mail Ls

Sampling Collection and Shipment
Sampling Site __ Date of Collection

Date Samples Recelved at Laboratory Eshruary 11, 2005

Analysis
Method of Analysis NMAM 2530

Date{s) of Analysis February 15, 2005
Analytical Results

o
=
u ol
T m o L= ] o
o o o L] [}
riold Labaratery |Sample| g © e X & . L™ 2
Sample Humbe £ Typa [ :-I;. 3-3' g.;' 45‘. -3. g T:L -l
=¥ wrl - - [ :3
Humbez SEa YER dED SEn fEn =Ep |®m An 5En
L] R L b TAH maH coM oo il d
oWy aab L Enlu o & R I oA 7 P
[T [ o Fri g B Rt Ll o
EB\E 124 = el R 0] _l_:ms o MLk CE-R ] Fa LY
E =2 al oo =] =3 e | Hoan [t
HEZ7 QSI0A505 TURE HD -hr] HD no HD HD HD HD
BRADIT 05I0408E TUBRE KD HD HD HD HOD HD HD L1
Reporting Limie 0.3 0.3 .3 0.3 0.3 Q.3 0.3 0.3
! See comment on last pag AR Spe comment on last page
HD Parameter not detected an¢v= Loc. [} Parameter berween LOD and ©og.

NE Parameter net reguested.

WA Parameter not applicable. /"__.- ,ég/
. -

Analyst: P:f: H,/:P.eja‘i
'—FI{-’\_,-}- Mﬁ'é"«_

Reviepér: 15:7 4 T

960 West LeVoy Drive / Salt Lake City, Utah B4123-2547
Phone (B0D1) 2B&-7700 Web Page: wwW.datachem.com
FAX (BO1) 268-9092 E-mail: labBdatachem.com
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I_ A |
A
LREUBATORIES

A Sorenson CompRRY

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 59701

Sampling Collection and Shipment
Sampling Site

ANALYTICAL BREPORT

Form ARF-AL

Page 2 of &

Part 2 of

. 02200523492B59R)

reg 21 2900
Date
Laboratory Group Name OST-04B0-06
Mecount MNea, 07003

FAX (406} 496=4650

Telephone (406} 4096-4445

E-mail topearfmtech.edu

Date of Collection

Date Samples Feceived at Laberatory February il, 2005

Analysis
Method of Analysis NMAM 2530
Date{s} of AnalysisFebruary 15, 2005
Analytical Results
o =
o
T ¢ ] 3
Flald Laboratocy |Sample| 4o 2 ] a Y
Sample Humber Typ= - L] T = [ - u
Humber -'E- = - ~ L] ] i -
aeS ~ A L= 2 o = @ E o = A = ]
u R & H — WM L - 2 . 1 I
& ouhy i I - e E I By s b [
-, o E™ W E™ A ES :E E.E‘a ;E‘E E‘;‘E.a
g% 3&5 Eﬁg éaﬂ By 0 eAs I oL R
AT 05104085 TUBE WD «0.020 | «<0.0L6 | €0.012 | <0.030 |<0.0078 |<0.0089 | <0,010
BEAD2T BSI0AGEE TUBE HD <0.028 | €0.022 | 0,017 | <0.091 | <0.032 | <0.012 | <0.0La
Reporting Limit 0.3

Ser commenkt on last page.
Parameker net detested above LOD.
Parameter not reguested.
Parameber not applicable.

»EO

H
H
"

960 West LeVo,

% Spe comment on last page,
{ )} Parameker bebwaen LOD and LOQ.

Drive / Salt Lake City, Utah 84123-2547
Phone {801) 266-7700
FAX (801) 26B-9932

Web Page: www.datachem,com
E-mail: labPdatachem.oom
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I

Form ARF-AL

DAT A ANALYTICAL REPORT Page 3 of 4
—_— Part 3 of 3
H 41]\1 02200523492859RX

v iy A . amar

?:' guar‘::utn %nnvrllupany Date "'#-'-l‘ 1 Luia

Laboratory Group Name 051-(480-0&
Account Ho. 07003

Montana Tech
Attention: Terry Spear
1300 Wemt Park Street
Butte, MT 59701

FAX (400} 496-4650
Telephone (40R) AGR-4445
E-mail tspearBmtech.edu

Sampling Collection and Shipment
Sampling Site Date of Collection

Date Samples Received abt Laboratory Fehruary 11, 2005

Analysis
Method of Analysis NMAM 2539

Date{s) of Analysis February 15, 2005

Mnalytieal Results

]
-
i L}
& L)
[ =
rield Laboratory |Sample| 3 < ¥
Sample Humber Type o -3 3
Rumber g =] L -1 an
e H Ll oo
= a 15 o
ngx o B FT]
M OLLCh & Bl -
(i) = R0 e
HH 2T 0510490% TUBE <0.015 | <0.010 | 0.2356 _
BAAD2T G5I04T8E TUBE <0,021 | <0.014 Bl

Reperting Limit

! Ees coemment on last page. % gpe gomment on last page.

HD Parameter net dekected abeve LOD. { } Parameter between LOD and LOQ.
HRE Farameker not regueskbad.

WA Parameker nok applicabkle.

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (801) 286-7700 Web Page: www.datachem.ocom
FAX (BO1) 268-9992 E-mail: lab@datachem.oom
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_— Form ARF-C

D AT A=_ ANALYTICAL REPORT Page 4 of 4
e 0270052345285981
i ES

LRABORAT =3 91 5000
& Bersnaon Company [ A A
Date

Laboratory Group Name 051-0480-06

General Set Comments

ppm formula: {24.45 * Result) / (Volume * MW)

General Lab Comments

The results provided in this report relate only to the items bested,

Samples were received in aecceptable condition unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above.

This test report shall not be reproduced, ercept in full, without written approval
of DabkaChem Laboratories, Ine.

This page is the concluding page of the report.

960 West LeVoy Drive # 3alt Lake City, Utah B4123-2547
Phone (801) 266-7700 Web Page: wwi.datachem.ocom
FAX (801) 26B-0992 E-mail: lab@datachem.oom
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DATA
CHEM

LABORATORIES, INC.

{l

2. Date _Zjﬁ_ié_s_ Furchase Order Na

ANALYTICAL REQUEST FORM

1. ] rReauLAR Status

[[] rUSH Stalus Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY —
DATE :
CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLE

4, Quote Mo,

3. Company Name MDHL&J\:‘ T2ils

Acddnass 200 weat Phele St

DCL Projest Manager

5. Sample Collection

Bute T =2720)

Sampling Sile

Parsan o Conel Hm&' T W
Teleghane (406} UGl SHYS

Incustrial Process

Date of Collection

Fax Telephone [sag) ghi- 4LE0

Tirne CollECed

E-mad Atdreas 'Fspm.-ﬁ Hfech, tofid

Drate of Shipmenl

Billing Addrazs (il difersnt from above]

Chain of Custody Mo, .

6. REGUEST FOR ANALYSES
Eir e | Gy Gl Sumple Murbar WMalrte®

Samgls Velume | AMBLYSES REQUEESTED - Use medhnd number Eknown | Linhs™

173 Tunrte fl] H3 1A L|ECJOC  (papm svw)
b 271 Gl Fik] Yebs L (w M AM 50 |
H MG ary e i feel I EE R B B R LR et (i Fupe [l )
MG PA 2 Fife] WPES L | e by Froe (W mps 32
Jyge.s oo
ML 27 floe | 3E=wd ce| MCa (dppn Goiy )
Ja MY an ey e Nt i i Go.n(]
M 29 clocion] 37,858 ce | BETE od pofel HC (1800 10)

Mg w7 X A

pyadiyce | Alebyd seenin (MR 1534

M C 27 M e,

Voo 5ceaem LA 7O (S

“1 wysample 2 mg'm® A ppm 4% 5 (oiher)

Comments

* Speify: Solid sarhent tube, o g Charcoal; Filter ype; Implnger soluion; Bulk sample; Blood, Urina; Tissue; Sall; Water; Othar

Plaass indicela one or more unils in the column entited Lnils®

Possible Conlamination endior Chemical Hacards

7. Chakn of Custody (Optional)

Relinmuietad by DateiTime
Recaivad P s Deteffime 77
by
Ralinquished by — Dl Tima
Recaived by DateTimsa R
Refinguishad by DaleTime
Recetad by DataTime

BED West LeVoy Drive [ Salt Lake City, UT 84123
DATACHER LABORATORIES, INC.

BO0-356-9135 or 801-286-7700 f FAX: 801-268-2992
www . datachem.com
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DATA
CHEM

LABORATORIES, INC.

il

J_L‘hfgL Purchase Drder No.

]
g

ANALYTICAL REQUEST FORM

1. [] AEGULAR Status

[] RUSH Status Requested - ADDITIONAL GHARGE

RESULTS REQUIRED BY

DATE

CONTACT DATACHEN LASS PRIOR TCO SENDING SAMPLES

4. Ouote Nao.

3. Company Name Mo frans Teo i

N Projecd Banagar

[260 (et Pork SE

Addeass 5 Sample Collection
. Sampling Sia
Person o Contact — Leviy '5:.::'6-6-1-" indusirial Process ——

Telephone (0L} _.fl{ﬁ'f’ J Huys

Dt of Callection

Faut Talophant (o g6~ HE5H

—  Tima Cofiacted

E-mail Address el 2 olia Diate of Shipment
Billing Addsess (I differant from above) Chain of Cusiody Ne
6. REGUEST FOR ANALYSES .
| Lobortory UsaDaly. | Chent Sampie Mubar Malriz* Sarmpls Volume | ANALYSES REQUESTED - Use mathod number £ knowen | Liits™
ENE Rl fC joC (PHamget)

7 1?(:_'.' 2.’"}“.;"?.-_. gya L #‘tvlﬂl'x—rﬁ-t'fﬂmﬂﬁfﬂ‘j 1
A A7 & hazan| Jhesw te Ity i Iy lr: e I v J,f

MO2ATY el | 35@Bcs pe o hedn gty

dranpas A3 b oo cc A I.FH-‘. coven ( AnArT .'_'s_.’n_:‘

* Specily: Soid socbert ube, a.g Charceal; Fiitsr type; Impinger solution; Bull sample; Blond; Usne; Tisaue,; Soi; Waler. Diher

=1 ugfsample 2 mghm? 3 oppn & % 5 {other)  Please indicate ona or mote wiits in the column eniiled Ubnits**

Commanis

Possibla Conlaminalion andior Chamical Hazards

'." Chain of Custody {Optional)

Rellinguished by DateyTirme

Arcenied by L _M,IE;; DateTime ""'!#
Ralinquished by DetalTime

Recaivad by e DS T e
Felinguished by Db Tirme

Feceied by DaleTime

560 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

B00-356-9135 or BO1-266-7700/ FAX: 801-268-9992
www datachem.com
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Form ARF-AL
AWALYTICAL REPORT Fage 1 of 2

(]

CEHEM Egggusmlaz 101 lfﬂﬁ}{ '
LA AATORE LS
A Borencon Company Date MAH n I* zﬂus -

Latoratory Group Name DSI-0676-02
heeount No. 07003

Montana Teah
Attention: Terry Spear
1300 Weat Park Street
Butte, MT 59701

FAN (406) 496-4650

Talephone (400) 40F-4445

E-mail tapearfmtech.edn
Sampling Collection and Shipment

Sampling Site ___ _ Date of Collsetlon

Date Samples Received at Laboratory February 25, 2005

Analysis
Method of Analysis HMAM SO40

Date(s) of tnalysisMarch 01, 2005

Analytieal Results

[ =
o &
e = o ]
- o el o
Fleld Laboratory |Sample| O - o E o H H
Sample Rumber Type - = 5= a i 3
Humber o B + & i LEg=2 u up (4] -
- EoE B - 2o ]
o eod “n En afin in =
- R o mmn o H EHE LY
- 0\ i = X e u
e B =“Um [ 3-1 M L o m -
o m_ = B [=X:] mE B E oaa
2194 0SI0EP6Y FILTER| 47. HE 47 0.088 |<0.0016 | 0.056 B30.1 -
2192 OSIDE9ES FILTER Lia HD 13. _U-_IIJS <0.00LE | 0,016 833.3 ]
2204 O5IDRAGE FILTER 15, HD 15, 0.017 [€0.0015 | 0.017 a95.5
2302 OSIDESET FILTER 42, HID 2. D.04% |<D,0015 | 2.049 66 .04
2224 BSINESRRE FILTER 40. !o1.4 41. 0.046 D,O00LE | 0.0d8 BG63.06
22212 DSIOEBES FILTER 21, | WD 2L, 0.047 =0.0028 | 0.047 455.4
1225 OSIOESTD FILTER| 41. KD 4l. 0.047 [<0.00L5 | 0,047 BES.EE
2345 OSILO6ESTL FILTER| 6&.2 B 6.2 0.0981 [£0.00L7 | D.O0BL | 760.0
Reporting Limit 5.2 1.3
I Ses comment &n LlaBEt page. a4 Sem comment on laskt page.
HD Farameter nok detected above LOD. { ) Paramater betvesn LDEr and LOQ.
MR Faramebef Rot ceguested,.
HA Farameter not applicable.
Grrants 5 H——

Analyst: Mel Qi Huang v

Toeals>

Hevieweres Papny h. Fooke

960 West LeVay Drive / Salt Lake City, Utah B84123-2547
Fhone (801) 2B6-7700 Web Page: wwH.datachem,com
FaX (B01) 268-9992 E-mail: labBdatachem.com
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Farm ARF-C

(il

D A A ANALYTICAL REPORT Page 2 of 2
030305140210‘15&}[
1 1
CHE
CTEORATAR £ MAR O 4 2005
A Eorenson Company
Dake

Laboratory Group Neme 05I-0R7RA-02
General Set Comments

Method Reference: NIOSH Manual of Analytical Methods (NWMAM), fourth ed., 3/15/03

Sample analysis was performed on a representative 1x1.5 em® area of the
sample filter. The reported pg/sample values porrespond to the entire exposed
area of the sample. The pg/sample values assume an even distribution of organic
and =lemental carbon on the exposed area of the sample filter. The value for the
exposed area is either specified by the client or ecaleulated by subtracting 2 mm
{the width of the cassette rim} from the edga of the filter.

The reported results have not been blank corrected.

mg/m? formula: Result / Volume

General Lab Comments

The results provided in this report relate only to tha items tested.

Samples were received in acceptable condition unless otherwise noted in the General
3et Comments above.

Samples have not been field blank corrected unless otherwise noted in the Gemeral
Set Comments abowve,

Thiz test report shall not be reproduced, except in full, witheut written approval
of DataChem Laboratories, Ine.

This page is the concluding page of the report.

960 West Lelrog Drive / Salt Lake City, Utah 84123-2547
Phone (AD1) 266-7700 Web Page: wwd.datachem,com
Fa¥ (BO1) 26B-9592 E-mail: labBdatachem.com
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;
DATA

T
e - ]
R — TG
]
[ ]
R

g — LABORATORIES, INC.
2, Date 222 5" purchase Order Mo.

ANALYTICAL REQUEST FORM

1. [] REGULAR Status

L}T’j— Ul ﬁﬂ.‘f il

[T] RuUSH Status Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY
DATE

CONTACT DATACHENM LABS PRIOR TO SENDING SAMFPLES

4. Quote No.

Moo T ]2 £

DCL Project Manager

1 et Mot oA SHT

5. Collection

[l

MT &Sy

Samgling Sile

Pargon 1o Contact

T_Fr' ey .S::.r?t’"\-"”

Industrial Procass

Date of Collection

Tima Cokeclad

Telephone &4 ) ¥ G5 'cﬁ"'?-"g’ 5
Fax Telaphane {¥ds)___¥2& &0 £ -
E-mail Address 4 Sgecw @ 'hnﬁ(_&. €J1

Date of Shiprent

Biling Address (¥ different from sbove)

Chain o Custady Ma

6, REQUEST FOR ANALYSES

Chant Sammple Mumbsr Bdalrs" Samgote Yolums AMALYEES BEQUESTED « Use melhod number f known | Linke™
D20 N - et sod 4.0 L | Noa M fer LElY
A2 M X bolegogid] PYOL v M A Lol
0l el e sion] 136 L | WOs A2 A wony
a6 My bl sion| 3k L R L N A
205 l,ld'"ﬁ pdes b tend JifC L LG, s JP Loty
21/9 #¥4 s vees| Ja | pwn  JUMAS Loty
2094 Gl Rit{@a00 L |Ec/e M fen g3y a
AiB R [ LT Pt
Wil ano0y - R I T S B v
; 12202 o v | Rfbey & |7 oo !

= { uglample 2 mgm® 3 ppm 4. %

Commanis

*  Spechy: Solid swhent ube, 8 G Charcoal; Filler type; Impinger solution; Bulk samgie: Blood; Urine; Tisswe; Soll, Watar; Other
5 lother)  Please indicate ape or more unlls in the calumn entilled Unils**

Pussible Gontamination andfor Chamica! Hezards

7. Ghain of Custedy (Optional)

Felinguished by CratedTime

Recalved by ff——"‘c;”tr_ DateTime 2/ 25
Relinquishad by Rt L paterrime — 22 2
Fecalvedby =~ _E Pl o, O £ —  beterime 248 fa T
Refnguished by DalaTima

Received by DateTime

960 West LeVoy Drlve / Salt Lake City, UT 84123
DATACHEM LABORATORIES, ING.

B00-356-8136 or B01-266-7700 / FAX: 801-268.09492

wwnw.datachem.com
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(i

3. Company Name

LABORATORIES, INC.

Purchase Order Ho.
J:'! s T & ma

ANALYTICAL REQUEST FORM

1. [ ] REGULAR Stalus

LT ey

[ ] AuSH Stetus Requested - ADITIONAL CHARGE
REESULTS REQUIRED BY

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4, Quale No.

Tec b

DCL Projed Menager

Agddres

age pes T Pavdi S

5. Sample Collection

Balle M eg5sf

Parson 1o Cordact

T—ﬂ il '5: T

Sempling Sibe

Indusdrial Process

ya e yyy b=

Telephons (el ) Date of Collsclion

Fax Talephane (Hok) i 4 fﬂ"&;b - Tima & ed —
E-mall Addross T s e 4R ﬁr-'- b e-"ﬁ/""- . Dale ol Shipmeni

Billlng Address (if different brom above) Chain of Custody Mo

&, REQUEST FOR ANALYSES

7_»‘[!‘_%%:{0:- Clianl Sample Mymbsar Mabrin® Sarmle Volums | ANELYSES REQUESTED - Uge method rumbss H known | Linits™
WGss| 222y fur AJhL g03.90 L | ACjeC K jm by
gkl 1222 v g b (gp i, sy Vetied wclient
Gil 221 6 v v | Esqee L]t ATk
E it g‘a?' { . " D50, 0 L o " L=
L i i
25127 2 Kifer |FSEGEL | Guin e Fere
2x27 i o @b ey b '
: arel b Feay & 1
L5 1|-51_r n 1] n?l'd"__ 7]
iE 2149 v v | 7899 L -
e s S¥IL : « | #ae.e L Ve
Epecify: Sobd sorbent fube, e g Charcoal, Filter fype; impinger salution: Bulk sample; Blood; Uring; Tissus; Soil; Water, Othar
| ugisample 2 mgim? A ppm 4.% 5 (other)  Please Indcate one or mone unis in the column enittad Linis"™
Commernts

Possible Corlamination andfor Chemical Hazands

7. Chaln of Cusiedy (Dptionsl)

Ralingulshed by = Drate/Time

Recoived by Y e __ peaine /267
Relinuished by £ me—ert 1™ e Datertime __2d B
Recaived by e T . J&'-"r_'_"_f:' DalefTime "'17(‘1'*'7(”1—“
Felinquishad by 6? CratalTirne

Recelved by CatelTifme

950 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

BO0-356-9135 or B01-266-T700 / FAX: B01-268-9902
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Form ARF-AL

Ul

DA'I" A ANALYTICAL REPORT page 1 of 3
Part 1 of 2
03070514484688RY
A Soranson Company fepn 7?2085
Dakte

Laboratory Group MName QSI-N676-03%
Account No. 07003

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 59701 PAY )
Telephone (406) 4964445
E-mail taspear@mbech. edy

Sampling Collection and Shipment

Sampling Site Date of Collection

Date Samples Received at Laboratory February 25, 2005

Analysis
Method of Analysis HMAM 1501

Date{s) of AnalysisMarch 03, 2005 - March 04, 2005
Analytical Results

3 “ ]
15 e g
o ED [
Field Laboratocy |Sample " e - P - ™ ]
Sample Humber TEpe = | == - = M ° o "
Humbaz i s BE o E 2nE | B :
@ -m U= Ea —ueE o - 4
H W o] 3w i b R H B =]
[ £ = ] e EE EE = E
o 4 m o m j iR LT L Ly =N
HE =8 =l = E 3 m o [CH>T] o
2226 BSI0GST2 TUEE HD HD v | ho F.049 [<0.0080 | <0.044 | <0,05L
2228 B5I06973 TUBE HD KD HD HD L.0La iﬂ;f&ﬁ&' <0.045 | 0,052
122R¥ BEIOGGTA TUBRE KO KD HID HD Q.27 =0.015 | =0.11 <0.12
(2B 05106975 TUBE HD WD HD HD Ho <0, 0063 =0,048 0,053
1198 PEI0RETE TUEE 58] HD D HD 0.045 [|«0.0052 | =0.038 | <0.044
2208 BEIOASTT TURE KO Hi HD HD 0.043 [=0.0057 | <0.042 | <0.04E
Aepocting Limit 0,001 4.0 0.01 .01 0.6
F Ses commeht on last Dage. ** Zoe comment on last page.
HD Parametar not detected absve LOD. t{ } Parameter batwaen LOD and LOQ.

HR Parameter not reguested.

HA Parameter nok applicable. ‘;/ i.-: M ; )
Pl ——

i‘;a‘i;;tf/ﬁubert Copadhafer [

Beviewer:

LEMJJ%&

960 West LeVoy Drive / Salt Lake City, Utah B4123-2547
Phone (BO1) 266-7700 Web Page: www.datachem.com
FAX (BO1)} 26B-9392 E-mail: labBdatachem.com
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; Form ARF-AL
DATAZ___ ANALYTICAL REPORT Page 2 of 3
—= Part 2 of 2
CH  0307051448468BRX

pran oy 7o
LABORATORI EG T I S A+
A Sorenson Company Dat

ate

Laboratory Group Name O5I-0676-0%
Acoount Ne. _07003

Montana Tech
sbtention: Terry Spear
1300 West Park 3treet
Butte, MT 50701 FAY (40R) 40645
Telephone (40f) 496-4445
E-mail tspearBmtech.eds

Sampling Collection and Shipment
Sampling Site Date of Collection

Date BSamples Received at Laboratory Fehrysry 25, 2005

Analysis

Method of Analysis HMAM 1501

Date(s) of Analy=isMarph 03, 2005 = March (4, 2005

Analytical Results

"
-]
a
Field Lakaratory [Bample L z
Sample Humber Type & E
Humber o oy 4
[ M =
H wam
= e mE H
B 18- -
= 0y = [ o
2226 OSIDEST2 TUBE <0, 044 .28 £2.5
222m QSINE3TA TUBE «0,045 | 0.078 51,0
AZEZB2 OSIDEATH TUBE <0.11 3.6 2L.4
m2n OSIDEITS TUBE <0, 046 | <0.057 50,0
2108 OSIDEDTE TURE <0.038 0.1 §0.2
c20m OSIDEITT TUBE <0.042 0.22 55.1 i
Feporting Limie
. ]
i See comment on lask page. i cae commant on lagk page.
HE Parameter not detected above LOD. [ ) Parameter betwesn LOD and LOQ.

HR Parameties nok requested.
HA Parameter not applicable.

960 West Le‘l'ag Drive / Salt Lake City, Utah 84123-2547
Phona (801} 266-7700 Web Page: www,datachem.com
FAX (BO1} 26B-9992 E-mall: lab@datachem.com
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Form ARF-C
ANALYTICAL REPORT

iy

Fage 3 of 3
0307051 4484688RK

DATA

X T AV f Ir.;-_nl
LABORATORI ES Kol L A
A Sorensen Conpany
Date

Laboratory Group Name 051-0676-03

General Set Comments
ppm formula: (24,45 * (Result = 1000)) / (Volume * MW}

Total petroleum hydrocarbons results were caleulated by summing all chromato-
graphic peak areas, excluding the solvent and analyte peaks, and guantitabing
the results against a hexane calibration curve.

General Lab Comments

The results provided in this report relate only to the items tested.

Samples were received in acceptable condition unless otherwise noted in the General
Set Comments abowve.

Samples have not been field blank ecorrected unless otherwise noted in the General
Set Comments above.

This test report shall not be reproduced, exeept in full, without written approval
of DataChem Laboratories, Inec.

This page is the concluding page of the report.

960 West Levﬁ% Drive / Salt Lake City, Utah 84123-2547
Phone (801) 266-7700 Web Page: www.datachem.ocom
FAX (801) 26B8-0092 E-mail: labBdatachem.com
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ANALYTICAL REQUEST FORM
DATA esT ror

LABORATORIES, INC.

ly

1. U REGULAR Stalus
[] RUSH Status Requested - ADDITIONAL CHARGE

RESULTS REQUIRED BY

DATE

CONTACT DATACHEM LABES PRIOR TO SENDING SAMPLES

4. Quole Mo,

2 pate _A22-28 purchase Order No. :
3. Company Name Mg tewe Jech

DCL Projec! Manager

Addraes Jdoo et Juvk SF

5 8 le Collection

Bute M7 $98e/

Lo

Samplng Sile

Industria! Frocess

=
Person 1o Contact ?F‘-"'"' 4 '3!—"*‘11 Lt

Telephane (154 ) ¥ 3L " vrhs Date of G
Fax Telaphana [ Fat) yg6 " Yo Time Collecied
E-rnell Address __ L3 4 da ey h‘_c h . ‘:?-EEL’“- Diate of Shipmernt
Billing Ackdress (il dflerant fram sbove) Chain of Custody Mo
G, RAEQUEST FOR ANALYSES
I_.a'h:raipr_y Lise Only Client Sample Numbar Matre” Sampla Voama | ANALYSES AEQUESTED « Lse methad rumber if known | Uinks
: EEYEY LR My s Loy
2311 M ¥ Pfleeler sed THL B & Mo W LTy
1332 ¢ phaves! | §2.07L | ARTY and Toal hydusca fon s Pl ialey
Lhapg - chevesf | &Fe L Dad? aed T | hpdovcofne, M Mg pjucs
2228 70 |ehewten]| 2y & FETY amd fg ol hydvacarbonn M4 1
328 ghissgf | g0 L |EFyeal M‘"""‘\;{J*C!»t‘—-, AP A e
YL & b 2} GO L Ty oo Tofel b doe o dpe e A o i gt
220 B choesel | SB 1 L |RiYef 2ol bypdesciodice N im o pscly
2ac )Y T flod B Jrddy de Siven PMAM IS
909 x yAp pd b Ll coee  umAR 1835
S | axg 1A 159 L WM hSe ecan pAfn 3544
* Spacily: Solid sorbent fube, & g Chamaosl, Filler fype; Impingar solllisn; Gulk sample; Blood; Urine; Tissue; Soif Water; Diher
4 ugisamgls 2 mem® 3 ppm 4 % 5 __ (other) Please indicats one or more unils in the column entitled Units™
Commanis

Paossible Conamination and/or Chemical Hazards .
7. Chaln of Custody [Optional}

Ralinguishad by DatsTima .

Racsivad by ekl Lol DaterTime ?‘””"’—__J

Relnquishad by Lonet Date/Time ?'j i

Racaived by Date/Time

Pielinguished by — DatesTime —
Recaived by DaleTime

960 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEN LABORATORIES, INC.

BOD-356-8135 or 8071-266-7700 / FAX: B01-268-9992
www dalachem.com
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Form ARF-AL

Dq T A ANALYTICAL REPORT Page 1 of 4
= Part 1 of 3

030305032 70634RY

i

LABORA oRlIES
3 " MR an l.j
TR Sty rate  MAR 04 7005
Laboratory Group Name 051-0676-04

Aecount Mo, _07003

Mentana Tech
Attention: Terry Spear
1300 West Park Btreet
Butte, MT 559701

FAY (406) 406-4650
Telephone (&06) 406-4445
E-mail rlmtech.ody
Sampling Collection and Shipment
Sampling Site Date of Collection

Date Samples Recelived at Laboratory February 25, 2005

Analysis
Method of Analysia NMAM 2539 .
Datels) of AnalysisMapch 02, 2005
Analytical Results
]
k]
T o
] o u L] a
- = L] = ]
Flakd paberatory |Sample| Hg a To e u u o M
Sample Humber Type '334 L] e o=t A .-|E|'. .3 -é g-al.
Humber AEB . ada Ea EEm nEm | = En aER
A - o o L gaH | >ome = B
T o mEm | EWk oA mn by wg‘nl‘n R
[T R B A B e A E B
o m o m Fmiy | omRd B b & el LU H ALY
208 qaﬁ EBan | omam R m=20 |-Hsad B 403
2208 ASTOEATA TUEE HD HD WO | BD HD e HD H
2LEY 05106979 TUBE HD D LA HD HD KD HD HD
2AB 05106980 TUBE WD HD wo | MO HO KD HE HE
Reporting Limik a.3 0.3 | 0.2 0.3 0.3 0.3 0.3 0.3
! EBee commenkt on Last page. *% See comment on last page.
ND Paramebar nol detested above LOD. §{ ) Parameter between LOD and LOQ.

HRE Paramebar nobk raguested.

HA Parameter not applicable. '[‘ ’ép /
- i

Analysk: Fred M. Hejall

Dok ihose Lo Donl

Roviewer:

960 Wesk Leh‘oyﬁf Drive / Salt Lake City, Utah B4123-2547
Phone (801} 266-7700 Web Page: wawW.datachem,com
EAX (B01) 268-9992 E-mail: lab@datachem.com
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Ay

Form ARF-AL

DAT A ANALYTICAL REPORT Page 2 of 4
Part of
':)303{!5032?0634]!5{

LABORA
A Boranson

o

rhel ™
=

mpany

Montana Tech
Attention: Terry Spear
1300 West Park Street
Buttbe, MT 59701

Sampling Collection and Shipment
Sampling Site

Date Samples Received at Laboratory February 25, 2005

Lnalysis

Method of Analysis NMAM 2539

bate _ MAR 04 2005

Laboratory Group Mame 0S1-0676-04
Acoount No. Q7003

FAX (4DR) 4890-4050
Telephone (4068) 496-4445
E-mail

Date of Collecticn

Datel=s) of AnalysisMarch 02, 3005

inalytiecal Results

] a i
L o o ] 1 L]
B o - ™ 1 -
Fileld Laboratory |Sample ';I.. f_'-.' 'g _’.:‘ 1 x
Bample Humber Type 'u.a‘ 'g E o g -q- I o &
Humbex T En - a u a 5 on - f E B 4 = [= &
FE4Y I R = ] 5 R
:{& ﬁax E!Q u 5 qu EE\ xga omE\
& o [*] o o [ o Gt} 18 ] ¥ i
:‘-:E dﬂﬁ 4&3 B el LR = niy NN R S
220% D5I0GEFTH TUBE WD 20,000 [<0.000L «0.0083 | <0015 [<0,0040 |<0.0045 [<0.0053
219X DEIDESTD TUBE HE <0,0LL [<0.0086& [<D.00E&6 <0,.016 [<0.0042 =0.0048 |[=0.0056
Faa) B8I0GSR0 TUBE HE <0,0LL [«0.0087 [«0.00668 | <0.0L6 <0.0043 [<0.0045% [<0.0057
Meporkbing Limlt 0,3

See comment on last page

Hp Farameter not detectoed lbﬂ'?! Loo.
HA Farameter not reguested.

Mk Parameter not applicakble.

*% Sgg comment on last page.
[ } Parameter between LOD and LOG.

960 Wesk LE?DEEDF1VE / Salt Lake City, Utah B4123-2547

Phone (801) 2

7700 Web Page: www.datachem.com
FAX (BO1) 268-9092

E-mail: labBdatachem.com
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Form ARF-AL

]

D AT A__ ANALYTTCAL REPORT Page 3 ©of &
—= Part 3 of 3
) 030305032 70634RK

CHEM
LABORATORE ES

A Eorenson Company

Date MAR 0.4 2008
Labhoratory Group Name 081-0676-04
Aooount No. 07003

Montana Tech

Attentlon: Terry Spear

1300 West Park 3treet

Butte, MT 59701 FAY (406) 496-4650
Telephone (406) 4QR-4445

E-mail

Sampling Collection and Shipment
Sampling Site Dake of Collection

Date Samples Received at Laboratory February 25, 2008

Analysis
Method of Amalysis NMAM 2539

Date(s) of AnalysisMarch 02, 2005

Analytical Results

Paramekar not reguested.
Faramakar not app11cab1c_

[
k9
bl L]
£ m
3 JP:I- o
Field Laboratory [Sample E
Sample Humbe s Type 5 o El
Humber £ a aa Bum
- u = EX
o [ oy
o~ -lE.a TR
:-cns n D
B O B G 20
220% OSIOEFTE TUBE <D.QCITE <0, 0053 LE. L F
219X OSIBESTD TUBE «0,0083 [<0,.0056 15.3
ZNEB OSTIOEZBO TUBE <0, 0084 |<0.3057 15.0
Feporting Limit i .
! |
[ See comment on last page. ** Zeps comment on last page.
WD Parameter not detected above LOD. { ¥ Farameter between LOD and LOQ.
HE
HA

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (801} 286-7700 Web Page: waw.datachem.ocom
FAX (BO1} 268-9592 E-mail: lab8datachem.com
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é Form ARF-{
DAT Aﬂ——‘ ANALYTICAL REPORT Page 4 of &
— 03030503270634RX

J
L f
A Sorensen Company MAR D 4 7005
Date
Laboratory Group Name 051-D676-04

General Set Comments

ppm formula: (24,45 * Result) / (Volume * MW)

General Lab Comments

The results provided Iin this report relate only to the items Lested.

Samples were received in acceptable condition unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above.

This test report shall not be reproduced, except inm full, without written approval
af DataChem Laboratories, Inc.

This page iz the concluding page of the report.

960 West LeVey Drive / 3alt Lake City, Utah 84123-2547
Phone (B01) 266-7700 Web Page: www,datachem,com
FAX (B01l) 268-9992 E-mail: lab@datachem,eom
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LABORATORIES, INC.

il

1. [ ] AEGULAR Status

ANALYTICAL REQUEST FORM

5T - el

["] RUSH Status Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

o Date . A72208 _ purchase Order Na.

4. Guote No.

3. Company Name ,J'"""IJ"L Teme fee ;\

DGL Froject Manager

pdgsess 1300 \iasT Pusk 51,

5, Sample Collection

BuHz MT  S8%e/

Sampling Site

Induslsial Process .

Persan ko Gontact T_T-"’}Y 5;..-1 g
Tatephone (Y30 ) Y38 " ¥

Drale of Collesiion

Fax Telophons | Yool ¥ 2 G- gd

Time Cofecied

E-mnail Address

T S peae Bk fech LeHu

Date of Shipment

Eillling Addreas (if diﬂm\eﬂl{mm abowe)

Chalin of Gustody N

5. REQUEST FOR ANALYSES

cratary Use Ciiom Sarmple Mumber Feainis" Shei Yalume | ANALYSES REQUESTED - L== reethod mumies il known
I L Fdrahotid 473 & Mo praam goly
211 MY Pfleecdes g1 T2 L Mo WA LETE
az2¢ ohavesa) | §2.5L | ARTY snp Fobal hydunsadon s Pl 16150
hA T (havies] &7 L Bed and Toia | bypdocopdune, M MW Rl
Ta o bestan || ALY & LTy and fo Fol bydoocas By MR L
BaA chwsal | G508 L lAE7H e m:-u,rj..[i.,;__, ArAnag
PYENE chaeroe) | @02 b |BarYe feiellducodone M P be 8
23 B chovean | 5,1 L |@sire 4 il Ky descnrdine Vi A o
230 . ¥ Ap Sl b by de stodn Mrdn 2585
90 ¥ s LD 5.3 kWbl ceeen  NAAR 2535
x4 . YAD 166 L b feven  Meaftn 3584

+* 1 uglsample 2 mgp‘i'i'-3 Sppn 4% 5

Specity: Solid sorbent fube, & . Charcoal; Filler type; Impingar sotulion; Bulk sample; Blood; Urine; Tissua; Soil; Water; Dlher
_____lother) Flemse indicale ona of mare unlts in the eclumn entiled Unils*

Comments

Possible Contamination andior Chemical Hazards

7. Chain of Custody (Dptionai)

Refinqulshed by DatefTeme

Floneives by H'f"-""[ Aot DiataiTime &6‘;—
Retnquishad by /EM*L Ot Time Z/:.d
Fisceived by DizleTime
Aalinquished by DataTime

Fecaived by DatelTima

960 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

#00-356-0136 or 301-266-7700 f FAX: 801-268-9892
www . datachem.com
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Form ARF-AL

]

D Afl"l q BNALYTICAL REPORT Page 1 of 2
Part 1 of 1
1 M 0304050957537 1R
]
LABEORATOHRI E& .
4 Serensen Compary Date MER © & 2005

Laboratory Group Neme 051-0676-08
Acoount Ne. _07003

Montana Tech
Attention: Terry Spear
1300 West Park Street
o
Butte, MT 54701 FAX (40R) A0B-4650
Telaephone (406} 406-4445
E-mail tspearfmtech.eduw
Sampling Collection and Shipment
Sampling Site Date of Collectlon

Date Samples Received at Laboratory Eebruary 25, 2005

Analysis
Method of Analysis NMAM 0500

Date(=) of AnalysisMargh 04, 2005

Analytical Results

= =
Flela Laboratery |Sample|l Dy I E
Sanple Humber Type LiE] o 2
Humber 3'2' = 'E‘".
- = - = o e
o w nE [
i e, iy i
R o e
] B E &
2227 OSIOE9AL FILTER HD <0.02 855,98 |
2207 OSI0&s982 FILTER HD =0,02 Bi5.04
2201 05T06983 FILTER HE <0.02 a85.1 |
2181 NSI0&IA4 FILTER HD 20.02 B3z.8
2157 NEI0ES0E FILTER HD <0.03 TET .9
5432 05106985 FILTER HD <0,02 820.0 )
Heportlng Limitk 0.02
! Hee comment on last page. ** See comnent on lask page.
HD Farameter not detected above LOD. [ ) Parameter bebtwean ELOD and LOQ.
HRE Farameter not reguested. ,j] -
HA FParameter not applicable. /W’/ !

Analysts Feker P. Steen

(C ﬂ-—ué
Heviewer: Johnathan M. Yonk

960 West LEUU% Drive / Salt Lake City, Utah B84123-2547
Phone (B01) 266-7700 Web Page: www.datachem.com
FAY (B01) 268-9902 E-mail: labBdatachem.com
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Foarm ARF-C
ANALYTICAL REPORT Fage 2 of 2
0304050957537 1R%

{y

DATA

N
L RBGRATORI E3 FLAR 0 4 2005
A Soranson Eanpl:n.]l’

Date

Laboratory Group Name 051-0676-05

General Set Comments

Results are not blank corrected.

General Lab Comments

The results provided in this report relabte only Eo the items tested.

Samples were received in acceptable condition unless otherwise noted in the General
Set Comments above.

Samples have not been field blank corrected unless otherwise noted in the General
Set Comments above,

This test report shall net be reproduced, exeept in full, withowt written approval
of DataChem Laboratories, Inc.

This page is the concluding page of the report.

G960 West LeVoy Drive / Salt Lake City, Utah B4123-2547
Phone (B01) 2B6&-7700 Web Page: wuw,datachem,com
FAX (801) 268-g9092 E-mzil: labBdatachem.con
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DATA
CHEM

LABORATORIES, INC.

i

pIFFRT

2. Dale Purchaze Order No.

ANALYTICAL REQUEST FORM

1. [ REGULAR stalus

|'f}:fj? L-;Llj ﬂﬁ UE-F"

[] rUSH Stalus Requested - ADDITIONAL CHARGE
AESULTS REQUIRED BY

DATE

CONTACT DATACHEM LABE PRIOR TO SENDING SAMPLES

4, Quole No,

o
3. Company Name M T5 ae  Tec L

DCL Project Managar

i pras T }gn--ﬁ.' -;5){_-

Address

& Sample Collection

By ffe M) 6578/

Sempling Site ———.
Porson 1o Contact T'-_f vy ‘5:-::'-4& [l Indusirial Process
Telsphone (%) _¥OE Y¥Y 5 Date of Caltection
Fax Telephone (Ll Ys ‘:’-‘ l‘r"':!" LX< - T X
Email fddress 7% e (0 Tech el Date of Shipmant

Billing Addrees (if diffleren from above}

Chain of Cusiody Ko

6. REGUEST FOR ANALYSES

CRera Surmple Mum b bt Sample Volume | AMALYSES REQUESTED - Use milivad number il known | Unils
213y Quede Bl £330 L | HlfeT MmAm feye
2227 (AL L8 1 “ e
2216 | v BigE L o v " 't
Ailv g S wo " "
2227 2r foifee [BPSEGF L | aveeime Trie
2127 - v |#brer k|
200" [ 1"
214, [ I - % 3- WY S
BEEAE| 2,90 - [T B X 2% L
e sy N FTErE -

* Specily: Sosd scchenl jube, & g Charcoal; Filter type: Implnger salution; Bulk sampls; Blood; Uring; Tissue; Sof; Water; Oher

“ 1 ugleample 2 mgim? A pom 4 % & {other}

Comments

Ploass ndicale ane of mene utls in ihe colurmn enited Unis®

Possible Comlamnation endlor Chermical Hagards

7. Chain of Custody (Optional}

Feelinquished by DrateiTime —
Reecaived by T et P DaterTime 2/ =85~

Rolinquishod by 28 st (e Bl DateTime 2/ T & —
Recaived by DratedTime

Relinguished by Dale/Time

Recsived by DiataiTime

960 West LeVoy Drive / Sall Lake City, UT 84123
DATACHEM LABORATORIES, INC.

800-356-9135 or 801-266-7700 / FAX: B01-288-9852

www.dalachem.com
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COVER PAGE

(W

DA A Form COVER-V1.4
01260516083581
ANALYTTCAL REPORT FOR fo g
\ Montana Tech JAN 27 2085 rage l:

S

Phone (406) 496-4445  Fax {406} 436-4650
LADGOR ORI ES E-mail: tspearBmtech edu
A Sorenson Company

DCL Report Group

Date Printed

GOS0MO1X

: 05T-0167-07

: 26-TJAN-05 16:08

Project Protocel f#: POZLICOO1
client Ref Number : Mot Provided
Montana Tech Release Numbex : Not Provided
Bttention: Terry Spear
1300 West Park Streset Analysis Mathod(s): T0-15
Butte, MT 58701

Laborabtory Data Date
client Sample Hame Sample Nams Sampled Recelved
116 G 05101380 Mot Provided 20=-TJAN-05
116 =M G5I01381 Mot Provided 20-JAN-05
117 ¢ 05101382 Mot Provided 20-JAR-05
# 1 MINI CRN 05Ig13es Mot Provided 20-JAN-05
Methad Blank BL-227387-1 MA Jurs
Les QU-227387-1 HA A
LCE Dup OD-227387-1 NA NA

J.ab. 05

Anaivst o %}e{sm an )

Date

17305~

Reviewer: ChrifCtoph=r ¢ Colaman

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
pheone (B01) 266-7700 Web Page: www.datachem.com
FAX {801) 268-9992 E-mail: lab@datachem. com
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— FORM H (TYPE I)
—_ Form RLIMSE3H-V1.4
DATA-———::.." SINGLE METHOD ANALYSES 01260516204292
- Page 2
SAMPLE GROUP COMMENTS
i E2hetn Clmpany B05GMOLX

DCL Report Group : 05I-0167-07
Date Printed : 26-TRN-05 16:20
Client Name s Montana Tech
Releasa MNumber. : Mot Provided

Sample Group Comments
Analyzed by GC/MS according to method TOl5

PQL = Practical Quantitation Limit - Lowest standard that is detectabla
MDL - Method Detsction Limit - Statisticaly derived valus using 40 CFR methods

The "E' qgualifier indicates a reported value above the anzalytical linear range

General Information

The DCL OC Database maintaina all numerical figures which are input from the pertinent data
source These data have not besen rounded to significant figures nor have they been moisture corracted
Reports generated from the system, however, list data which have been rounded to the nunber of
significant figures requested by the client or desmed apprepriate for the method This may create
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G} and those that would
be caleulatsd from rounded analvtical results  Additionally, if a moisture correction ils performed,
differances will be chserved between the ¢C data and the surrogate data reported on Form A (or othar
report formst and corresponding data reported on QC Summary Forms In these cases, the Form A will
indicate the "Report Basis® as well as the moisture value used for making the correction
Report generation options: BX

Resgult Symbol Definitions

Wi - Mot Detected above the MDL (LLD or MDC for radiochemistry).
% _ No result could be reported, ses sample comments for details

ualifier 5 1 Definitions
U - Hot Detected above the MDL (LLD or MDC for radiochemistry).
B - For organic analyses the qualifier indicates that this analyte was found in the methed blank
For inorganic anzlyses the gualifier signifiss the value is betwsen the MDL and PQL
J - For organic analyses the gualifier indicates that the value is betwsen the MDL and the POL

It is also used for indicating an estimated value for tentatively identified compounds
in mass spactrometry where a 1:1 response is assumed

pC Flag Symbol Definitions
* - Parameter ocutside of specified QC limits

960 West LeVoy Drive / Salt Lake City, Utah B4123-2547
Phione (B01) 266-7700 Web Page: www. datachem. com
FAX (801} 268-35992 E-mail: lab@datachem.com

210



FORM A { E 1) Form RLIMS63A-V1.4

SINGLE METHOD ANALYSES 01260516204292
Page 3

]

DATA

SAMPLE ANALYSIS DATA SHEET

& 80rShson Eompeny SUS0MOIF
Pete Printed : 26-JAN-05 16:20 client Sample Nams: 116 &
DCL Sample Name : 05101380
Client MName ; Mentana Tech L Report Group : 05I-0167-07
Client Ref Humber s Hot Provided
Sampling Site : ot Provided Matrix .. : AIR
Release MNumber : Not Provided Date Sampled : Mok Previded
Reporting Units : PPE V/V
Date Received : 20-JAN-05 00:00 Report Basis : [Mhs Beceived []Dried
D0 Preparation Group: Not hApplicable DCL Analysis Group: GOSOR00G
Date Prepared : Mot Applicable Analysis Method 1 TG-15
Praparation HMethod : Mot Applicable Instrument Typs ; GC/ME VO
Aliguot Weight/volume: 200 mh Instrument ID : BBT2-0
Het wWaight/Voluma : Mot Reguired Column Type : DB~
El Primary

Dconfirmation

Analytical Results

=
Analyte Mgl;:ed MDL Resulc Comment oual. [Diluticen POL
pichlorodiflugromethane 21-JAaN-05 17:24 0.150 0.52 1 0.5
Chloremethane 21-JAN-05 17:24| 0.187 NI i 0.5
Freon 114 21-JAN-05 17:24| 0.155 W L 0.5
Vinyl Chleride 21-JAKN-05 17:24 0.180 WD L 0.5
Bromomethane 21-JAM-05 17:241 0.176 jijs] 1 0.5
Chloroathane 21-JAN-05 17:24 | 0.248 ND 1 0.5
Freon 11 21-JAN-05 17:24 0.132 0.26 g ) 0.5
cis-1,2-Dichloroethena 21-JAN-05 17:24 0.0838 HD 1 0.5
Carbon Disulfide 21-JaN-05 17:24( 0.33 0.35 J 1 6.5
Fraon 113 21~JaN-05 17:24 | 0.124 jiiv] i 0.5
Acetone 21-JAN-05 17:24 0D.178 6.2 1 0.5
[Methylene Chloride 21~JAN-05 17:24 | 0.3117 0.47 J 1 0.5
trang~1l,2-Dichlorosthene 21 -JAN-05 17:241 0.100 ND 1 g.5
1,1-Dichlorosthana 21-TAN-05 17:2 0,143 ND 1 0.5
vinyl Acetate 21-JaN-05 17:24 0.0642 NI 1 0.5
1,l-Dichloroethens 21-JAN-05 17:24 0.105 ND 1 0.5
Z-Butanong 21-JAN-05 17:24( 0.237 3.5 1 a.5
chloroform 21-JAN-05 17:24| 0.127 ND 1 8.5
1,1,1-Trichloroethane 21 -JAN-05 17:24 0.122 ND 1 6.5
Carbon Tetrachloride 21-JAN-05 17:241 0,161 ND i a.
| Benzene 21-JA-05 17:24 ) 0.0935 2.2 1 0.
1,Z-Dichloroethans 21-JAN-05 17:24| 0,101 ND 1 0.
Trichlorosthens 21-JAN-05 17:24 | 0,109 ND 1 0.5
1,2-Dichloropropana 21-JAN-05 17:24| 0.0668 juie] 0.5
Bromodichloromethans 21-JAN-05 17:24| 0.138 jjn] 0.5
cis-1,3-Dichloropropene 21-JaN-05 17:24] 0.0979 jiin] 0.5
4-Methyl-Z2-Fentanong 21-JAN-05 17:24 0.0747 2.3 i 0.5
Toluene 21-JAN-05 17:241 0.120 69, E 1 0.5
trans-1,3-Dichloropropene 21-JAN-05 17:24] 0.0788 D 1 0.5
1,1, 2-Trichlorcethana 21-JAN-05 17:2 0.174 D 1 0.5
Tetrachlorcathens 21-JAN-05 317:3 0.11 0.24 g ] 0.5
2-Hexanons 21-JAN-05 17:2 0. 0887 58] 0.5
Dibremochioremethans 21-JAN-05 17:24} 0.125 N 3 0.5
1,2-Dibyomoethane 21-JR1-05 17:2 0.117 hi)nd 1 0.5
Chlorobenzens 21-JAN-05 17:2 0.118 0] 1 0.5
Ethylbenzens 231-JAN-05 17:2 0.0872 a5, E 1 G.5
mpp-Rylens 21-JRN-05 17:2 0.215 220 E 1 1.0
o-Xylene 21-JAN-05 17:24 0.103 110 E i 0.5
Scyrene 21-JAN-05 17:24 0.0625 G.55 1 0.5
Bromoform 21-JAN-05 17:24 0.118 HD 1 0.5
1,1,% 2-Tetrachloroethane 2i-JaN-05 17:24 0,140 HD 1 0.5

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (B01) 266-7700 Web Page: www. datachem com

FAX (801) 26B8-9952 E-mail: lab@datachem.com
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]

— FORM A (TYPE I)

Form RLIMS63A-V1.4
]),A.I I ‘Aﬁ SINGLE METHOD ANALYSES 01260516304392
= Page 4
A
g SAMPLE ANALYSIS DATA SHEET
LABORATORI ES
A Sorenscon Company
Date Printed P 26-JRN-05 16:20 DCL Sample Name - 65101380
Clisnt MName : Montana Tech DL Repert Sroup  05I-0167-07

Analytical Results

Date
Analyte Analyzed ininy Rasult | Comment | Qual. [Dilution POL
Benzyl Chloridae Z1-JaN-05 17:24 | 0.0856 hirjn) 1 0.5
4-Ethyl toluene 21-dnM-05 17:24| 0.0888 34. B 1 0.5
1.3.5-Trimethylbeniens 21-Jam-05 17:24 0,.05%2 51. E i 0.5
1,2, 4-Trimethylbenzens 21-JAN-05 17:24} 0,0756 220 E 1 0.5
1,3-Dichlorobenzene 21-JAN-05 17:24) 0.133 HD 1 0.5
1,d-Dichlorchencene 21-JAN-05 17:24 0.133 21w} 1 0.5
i,2-Dichlorobenzene 21 -JAN-05 17:24| G.107 18] 1 0.5
1.2, 4-Trichlorchenzane 21-JRN-05 17:24| ©0.149 i) i 0.5
Hemachlorobutadiens 21-JAW-05 17:24) 0.233 i3] 1 0.5
Methyl t-Bubtyl Bther 21-JAN-05 17:24) ©0.111 jis] 1 0.5
Total Petrolewn Hydrocarbon 21-JAM-08 17:24 530 Juj 1
Tentatively Identified Compound Results

Date

Analyte (Retention Tims) Analyzed Result | Comment | gual. |Dilution
Propeneid. 47} 21-JAN-05 17:24 i.3 J 1
Ethanol (5. 63} 21-JaN-05 17:24 49. J 1
Isopropy) Alcohol (6,22} 21-JAN-05 17:24 98, J 1
Hexans(8.50) 21-JAN-05 17:24 2.6 J 1
Ethvl Acetate(8.53) 21-JAN-05 17:24 4.2 J 1
Pentane, 2 ,3-dimethyl-(10¢.33) 21-JAN-05 17:24 7.3 J 1
Pentane, 2,2, 4-trimethyl-{10.74}) 21-JAN-05 17:24 7. J 1
|Heptana{10. 841 21-JAN-05 17:24 4.4 J 1
CYCLOHEXANE, METHYL-[11.57) 21 -JAN-05 17:24 9.1 d
Hexang, 2 d-dimethyl-(11.7%}) 21 -JaN-05 17;:24 5.8 e
Pentans, 2,3 d-trimethyl-(12.21) 21-JaN-05 17:24 5.2 J 1
|Beptane, 2-methyl-{12.51) 21-JaN-05 17:24 6.1 J 1
Hexane, 2,2, 5-trimethyl-{12 95) 21-JAN-05 17:24 11. J 1
Benzene, (l-methylethyl)-{15.76] 21-JAN-05 17:24 9.3 J 1
BEWZENE, FROFYL-{16.34} 21-JAN-05 17:24 22, o 1
Benzens, l-ethyl-2-methyl-{16.83} 21-JAN-05 17:24 ap. J i
Benzens, {(2-methylpropyl}-{17 38} 21 ~JAW-05 17:24 6.3 J i
Benzeng, 1.2,3-trimethyl-{17.64} 21-JaN-05 17:24 48, J 1
Indane (17, 940) 21-JAN-05 17:24 16. g 1
Benzene, l-methyl-3-propyl-{1§.09] 21-JAN-05 17:24 25, J 1
Benzene, 1,2,3 d-tetramethyl-(18.191 21-JAN-05 17:24 30, o 1
Benzens l-methvlpro) -(18.40 21-JAN-05 17:24 8.7 o 1
Benzens, 1-sthyl-l,2-dimethyl-(18.55) 21-JAN-05 17:24 22, J 1
Benzenae, 2-ethyl-1,3-dimethyil-{18.683) 21-JAN-05 17:24 19. J 1
Benzens, 1,2,4,5-tetramethvl-{19.26) 21-JAN-05 17:24 7.2 J 1
Benzene, l-ethyl-3, 5-dimsthyl-{19.33) 21L-JAN-05 17:24 8.9 J 1
Benzene, Z-ethenyl-1,d-dimethy{19.87) 21_JAN-D5 17:24 | 8.3 K }
[ Maphthalene (2044} Z1-TAN-05 17:24| 8.5 J 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (801) 266-7700 Web Page: www.datachem. com
FAX (801) 268-9992 E-mail: lab@datachem com
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(il

DATAS
CHE]

A Sorenson Comp

=

gh‘!
g

Date Printad

Client Name
Client Ref Number
Sampling Site
Release Numbar

Date Raceiwved

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

i 26-JR-05 16:20

+ Montana Tech
: Not Provided
: Not Provided
: Not Provided

: 20-JAN-05 00:00

client Sample Mame:

DCL Sample Name. .
DL Report Group

Matrix
Date Sampled

Reporting Units

Report Basis

Form RLIMSE3A-V1.4
1260516204292
Page 5

116 sM

: 05101381
+ 05T -0167-07

: AIR
: Mot Provided

: PFE V/V

:[flAs Received (IDried

DCL Preparation CGroup: Not Applicakle DCL Analysis Group: GOS0R00G
Date Praparved : Not Applicable Analysis Method : TO-15
Preparation Mathod : Mot Applicable Instrument Type 1 GC/ME VO
Aliguot Weight/Velume: 200 mL Instrument ID L B5872-0
Wat Weight/Volume : Mot Required Column Type : DB-1
[E Primary
[Cconfirmation
Analytical Results
Date

Analyte Analyzed MDL Result Comment | Qual. |[Dilution POL
Dichloredifiuvoromethane 21-JAN-05 18:05% 0.150 3.2 1 0.5
Chloromethane 21-JAN-05 18:05| 0.187 1.5 1 0.5
Freon 114 21-JAN-0% 18:05| 0.155 NP 1 0.5
Vinyl Chleride 21-JAN-05 18:05 0.180 WD 1 0.5
Bromomethane 21-JAN-05 18:05] 0.176 D 1 2.5
Chiorcethang 21-JAN-05 18:65 | 0.249 HD 1 0.5
Freon 11 21=-JAN-05 18:45 0.132 .97 L 0.5
cis-1,2-Dichlorosthens 21-JAN-05 1 5 0.05938 KD i 4.5
Carbon Disulfide 1-JAN-05 1 5 0.130 jiis) 1 9.5
Freon 113 1-JAN-05 5 0.124 ND 1 4.5
Acetona 1-JAN-05 51 0,179 ND 1 2.5
Hethvlene Chloride 21-JAN-05 05 (117 4.4 1 0.5
trans-1,2-Dichlorsethens 21-JAN-05 18:05 .100 ND 1 .5
1,1-Richloroethane 21-JAN-05 18:05 .143 D 1 0.5
Vinyl Acetate 21-JAN-05 18:05 0.0Dg42 D 1 6.5
1,1-pDichlorsethens 21-JAN-05 18:05| 0.105 jii] 1 0.5
Z-Butanone 21-JAN-05 16:05 | 0.237 17. 1 0.5
Chlexeform 21-JaN-05 18:05) 0.127 NI 1 6.5
1,1,1-Trichlorgethane 21-JAN-05 18:0 0.122 HND 1 0.5
Carbon Tetrachlorids 21-JAN-05 18:05 0.161 HD 1 0.5

enzens 21-JAN-05 18:0 0.0939% 2.4 1 0.5
1,2-Dichloresthane 21-JAN-05 18:05 G.101 ND 1 0.5
Trichlorosthens 21-JAN-05 18:05) 0.109 0.22 J 1 0.5
1,2-Dichlorepropans 21-JAN-05 18:06| O.0669 fope] 1 0.5
Bromodichloromeathana 21-JAN-06 18:05] 0.138 hip] 1 0.5
cis-1,3-Dichloropropens 21-JAN-05 18:05| 0.0875 ND 1 0.5
§-Methyl-2 -Pentancne 21-JAN-05 1E:065 G.0747 3.8 1 0.5
Toluene 21-JAN-05 18:05 0,120 6.2 1 0.5
trang=-1,3-Dichloropropens 21=JAN-05 18:05 0.0788 ND 1 0.5
1,1,2-Trichloreathana 21-JaN-05 18:05 6.174 ND 1 0.5
Tetrachloroethena 21-GAH-05 18:05) 0,117 0.73 i 0.5
2 -Hexancne 21-JAN-05 1805 0.0887 NI i 0.5
Dibromochloromethans 21-JRN-05 18§:05 125 jiin) 1 0.5
1. 2-Dibromoethans 21-JAN-D5 ;06 117 ND 1 0.5
Chlorchenzene 21-JAN-05 18:05 .118 ND 1 0.5
Ethylbenzensa 21=-JAN-0 : 0 L0872 1.1 1 0.5
m, p-¥vlene 21-JAN-05 iB:0 9.215 4.8 1 1.0
o-¥ylene 21-JAN-05 18:0 0.103 1.7 1 0.5
Styrens 21-JAN-05 A8:05] 0.0825 L.4 1 0.5
Bromoform 21-JAN-05 1B:05] 0.118 U] 1 0.5
1.1,2 2-Tetrachlorosthane 21-JAN-05 1B:05) 0.140 D 1 0.5
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I

FORM A (TYPE I)

NG RL =Vi.
- LB oD YSES Form RLIMS63A-V1.4

DA"['\A 01260516204292
1‘3’ Page 6
) SAMPLE ANALYSIS DATA SHEET
LABORATORI ES
A Screnson Company
Date Printed : 26-JAN-05 L16:20 DCL Sample Name : 05101381
Clisnt dame : Montana Tech DL Report Sroup.  051-0167-07
Analytical Results
Date

Analyte Analvied DL Raesult | Comment | Qual. jDilution POL
Benzyl Chloride 21-JAN-05 18:05 0.0856 58] 1 0.5
4-Ethyl tolusne 21-TAN-05 18:05 0.0BEE 0.3%9 J i 0.5
1,3, 5-Trimethylbenzens 21-JAN-05 18:08 0.0592 0.4% J 1 0.5

L2, 4-Trimethylbenzens 21-JAN-05 18:0 0.0766 1.7 1 0.5

 3-Bichlorocbenzene 01-JAN-05 18:05 0,133 D 1 0.5

,4-Dichlorobenzene 21-JAN-05 18:05| 0.133 HD 0.5
1,2-nichlorobenzens 21-JAN-05 18:05) 0,107 D 0.5
1.2, 8-Trichlorobenzene 21-JAN-05 18:05] 0.14% KD 0.
Hexachlorobutadisne 21-JAN-05 18:05| 0,232 HD 0.5
Methyl r-Buty) Ether 21-JAK-05 18:05] 0.3131 1D 0.5
Total Petroleum Hydrocarbon 21-JAN-05 18:05 70, J
Tentatively Identified Compound Results

Date

Analyte [Retenticn Tims) Analyzed Result | Comment | gual. |[Dilution
Propeneid.45) 21-JAN-05 18:05 2.3 J 1
Isobubane(d.81} 21-JAN-05 18:05 1.7 J 1
1-Propene, Z-methyl-{4.97] 21-JAN-05 18:05 4.2 J 1
Butans (5, 05) 21 -JAM-05 1B:05 15, J 1
2-Butene(5.12} 21-JAN-05 18:0% 5.0 g 1
Bthancol {5.85} 21-JAN-05 18:05 63 . u) i
€5 _hydrocarbeni{5.95) 21-JAN-05 18:05 44, J 1
Pentance{6.36} 21-JAN-05 18:0%5 8.3 J 1
methane, dimethouy-{6.5%) 21-JRN-05 18:05 7.7 J 1
Silane, methexytrimethywl-(7.61) 21-JAN-05 18:0 i3. J 1
Pentane, 2-methyl- (7.77} 21-JAM-05 18:05 i4. J 1
Silancl, trimethyl-{7.85) 21-JAN-05 18:05 8.2 J i
Pentane, 3I-methyl- (8. .11} 21-JAN-05 18:05 2.8 J 1
Hexane (8. 49} 21-Jaw-05 18:05 3 J 1
Ethvl Acetata(8.53) 21-JaN-05 18:05 2. J i
CYCLOPENTANE, METHYL-(9.20) 21-JAN-05 18:05 2. g 1
Heptane{l0.93) 21-JAN-05 18:05 0.56 T 1
Limonenet17 .83} 21-JpM-05 18:05 3.8 J 1

960 West LeVaoy Drive [/ Salt Lake City, Utah 84123-2547
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Fax (801}

266-7700
268-9952

Web Page: www.datachem.com
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w

Date Printed

Cli=nt Hama
Client Ref Humbeyr
sampling Site
Relaase Humber

Date Racaivad

FORM A (TYPE I)
STNGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

¢ 26-JAN-05 16:20

: Mentana Tech
: Mot Provided
: Mot Provided
: Mot Provided

: 20-TAN-05 00:00

clisnt Sample Ifame:

DCL Sample Mame
DeL Report Group

Matrix.

Date Sampled.
Reporting Units

Report Basis

Form RLIMSG3IA-V1.4
01260516204292
Page 7

5050M09H

117 6

: 05101382
: 08T-0167-07

: ALR
: Mot Providsd

: PPE W/V

: flas Received []Dried

DCL Preparation Group: Mot Applicable DCL Analysis Group: GOSOROOG
Date Prepared : Mot Applicable Analysis Method ¢+ Ta-15
Preparation Method s Mot Applicable Instrumznt Type 1 GC/ME VO
Aliguot Weight/Velums: 200 mL Instrument ID : 5972-0
et Weight/Velumae : Mot Reguired Column Type : DE-1

[ Primary

[Jconfirmation
Analytical Results

Date

Analyte Analyzed MDL Result Comment Qu_gl. Dilution BQL
IDicnlerediflucromethane 21 JAN-05 18:47] 0.150 .40 3 1 0.5
Chloromethane 23i-JAN-U5 18:47] ©0.187 1.2 1 0.5
Freon 114 21-JAN-05 18:47 0.155 WD 1 0.5
Vinyl Chloxids 21-JAN-05 18:47 0.180 D 1 0.5
Bromomethane 21-0AN-05 1§:47} 0.176 hijs] 1 a.5
Chlergethane 21-JAN-05 18:47 | 0.34% D 1 0.5
Frecon 11 21-JAN-05 18:47 0.132 0.32 g 1 0.5
ciz-1,2-Dichlorcaethens 21-JAN-05 18:47 0.0838 D 1 0.5
Carbon Disulfide 21=JAN=-05 18:47! 0.3130 MDD 1 0.5
Freon 113 21-JAN-05 18:47 0.124 HD 3 0.5
Aceltone 71 -JAN-05 18:47 0.1749 33. B 1 0.5
Methylens Chlorids 21-JAN-05 18:47 0,117 0.38 J 1 2.5
trans-1,2-Dichloroethens 21-JAN-05 18:47) 0.3100 ND 1 9.5
1. 1-Dichloroethane 21-JAN-05 18:47 0.143 ND 1 0.5
Vinyl Rcetate 21-JAN-05 18:47| 00,0642 ND 1 0.5
1 I1-Dichlorcethenes 21-JAN-05 18:47 | 0.105 ND 1 0.5
2-Butanong 21-JAN-05 18:47 0.237 5.3 1 0.5
Chloraform 21-FAN-05 18:47 | 0.127 WD 1 0.5
1,1,1-frichloroechans 21-JAN-05 18:47 | 0.122 ND 1 0.5
Caybon Tetrachloride 21-JAN-05 18:47} 0.181 HD 1 0.8
Banzens 21-JAMN-05 18:47; 0.0339 .38 d 1 0.5
1,2-Dichleoroethane 21-JAN-05 18:47 0.101 ND 1 0.5
Trichloroethene 21-JAN-65 18:47] 0.108 ND 1 6.5
1,2-Dichloropropans 1~JAN-05 18:47 ) 0.0669 HD 1 C.5
Bromedichloromethane 21-JAM9-05 18:47| 0,138 KD 0.5
cis-1,3-Dichloropropens 1-JAN-05 18:47] 0.0979 ND 0.5
4 -Methyl-Z-Pentanone 1-JAN-05 18:471 0,.0747 4.4 0.5
Toluens 1-JAN-05 18:47 0.3120 2.8 0.5
trans-1,3-Dichloropropene 21-JaN-05 18:47) 0.0788 NI 1 0.5
1,1,2-Trichloresthans 21-JAN-05 12:47) 06.174 MO 1 a.5
Tetrachlorcechens 21-JAM-05 18:47) 0.117 ND by 0.5
2 -Hexancne 21-JAN-05 3€:47 [ ©.0887 ND 1 0.5
Dibromochloromethans 21-JAN-05 3B:47) 0,125 jipe] 1 0.5
1, 2-Dibromeethane 21-JAN-05 18:47] 0.117 ND 1 0.5
Chlorobanzene 21-JAN-05 18:471 0.118 ND 1 0.5
Ethylbentens 21-JAN-05 18:47| 0.0872 0.35 g 1 0.5
m p-Eylens 21-JAN-05 18:47 0.215% 1.5 1 1.0
w-Ayvlene 21-JAaN-05 18:47 G.103 0.83 1 0.5
Styrens 21-JAN-0G5 18:47 0.06235 0,43 J 1 0.5
Bremoform 21-JAN-05 18:47 0.118 Ly 1 0.5
1,1,2,2-Tetrachloroathana 21-JAN-05 18:47| 0.140 juin] 1 0.%
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DATA=

Ch,
ng

w#

LA

OR A E
A Sorenson Company

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

Date Printed : 26-JAN-05 16:20
Clisnt Mame ; Montana Tech

Analytical Results

Form RLIMS63A-VI.4
01260516204292
Page B

I

SOS0MOSH

DOL Sample NMame  : 05T01382
OCL Report Croup + O8I-0167-07

analyte Anau‘ﬁged MDL Resulk Comment | Qual  [Dilution POL
Benzyl Chicride 21-JAN-05 1B:47| 0.08586 NI 0.5
4-Ethv]l tolusne 21-JAN-05 18:47| 0.08BH WD 0.5
1,3, 5-Trimethvibenzene 21-Jam-0G5 13:47| 0.0592 v[e] 0.5
1,2, 4-Trimethylbenzena 21-JAN-05 18.47! ©0.0756 0.61 0.
1, 3-Dichlorobenzens 21-JaN-05 18:47| ©.133 )] O.
1,4-Dichlorobenzens 21-JAN-05 18:47| 0.133 )] 0.
], 2=-Dichlorobenzans 21 -JAN-05 1§:47 9.107 bijn} 1 0.
1,2,4-Trichlorobenzene 21 -Jan-0 B:47) 0.148 bl i G.5
Hexachlorobutadiens 21 -JAN-0 8:471 0.232 i) 1 0.5
HMethyl t-Butyl Ether 21-JRN-05 18:47] 0.113 ] 1 0.5
Total Petroleum Hydroc_erbon 21-JAN-05 18:47 18, J 1
Tentatively Identified Compound Results

Date
Analyte (Recention Timel Analyzed Result Commenk Qual, |Dilutien
Propane (4.47} 21-JhN-05 18:47 0.68 I 1
Iscpropyl Alcohol(B.d2) 21-JAN-05 18:47 1. fu) 1
Silane, methoxytrimethyl-{7.61) 21-JAN-05 18,47 & J 1
Silancl, trimethyl-{7.74) 21-JAN-05 18.47 L4 3 3
Bthyl Acetate(8.54d) 21-JAN-05 18,47 1.0 J 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Web Page: www datachem.com
E-mail: lab@datachem.com

Fhone

(801) 266-7700
FAX (BO1) 268-9992
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]

DATA

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

-
d
LABORATORI E
A Sorenscn Company
Data Printed 1 26-JRN-05 16:20

Cliant Mame

Client Ref Humbar + Not
Sampling Jite : Not
Felease Humbar ; Not

Date Received

: Mentana Tech

Provided
Frovided
Frovided

: 20-JAN-05 D0:00¢

Client Sample MName:
DCL Sample Mame
DCL Report Group

Matrix

Date Sampled
Reporting Units
Report Basis

Form RLIMS63A-V1.4
012605162047292
Page 9

S050M09T

# 1 MINI CAN

. 08I01383
: 051-0167-07

¢ AIR

: Not Provided

: PPE W)V

: [Hrs Received [JDried

DCL Preparation Group: Net Applicable DL Analysis Group: GOSOR0ODG
Date Prepared : Hot Applicable Analysis Msthod : TO-15
Preparation Method : Mot Applicable Instrument Type : GC/HME VO
Aliguet Weight/Volumes: 200 mL Instrument ID : 5972-0
Mzt Weight/Volumes. : Not Reguired Column Type : DB=1

EPrimary

[Moconfirmation
Analytical Results

Date + -

Analyte Analyzed DI, Result Comment | Qual. |Dilution POL
Dichleorsdiflusromethana 21-TFAN-05 19:27 | 8 150 0.47 J 1 0.5
Chlcromethane 21~JRN-05 19:27| ©0.187 2.8 0.5
Freon 114 21 -JR=05 3:27 0.16% HD 0.5
Vinyl Chlorjde 21-JRN-05 19:27 0.180 HD 0.5
Bromomethane 21-JAN-05 19:27 0.176 ND G.5
Chlorgethane 21-JR13-05 1%:27 0.249 jin] 0.5
Freon 11 21-JRN-05 19:27§ 0.132 HD N 0.5
cis-1,2-Dichloreethens 21-JAN-05 19:27] 0.093E hiin] 1 0.5
Carbon Disulfide 21-JpN-05 319:27 0,130 i) 1 0.5
Freon 113 21-JhN-05 18:27 | 0.124 NI 1 0.5
Acatons 21-JmM-05 19:27| 09,179 11, 1 0.5
Methylens Chloride 21-JaM-05 19:27| 0.117 1.5 L 0.5
trans-1,2-Dichlorosthena 21-JAN-05 19:27 1 0.100 WD 1 0.5
1,i-Dichlercethans 21-TAN-05 15:27 0,143 D L 0.5
Vinyl Acetate 21-JAN-05 19:27 0.06842 FoIn) 1 0.5
i,1-Dichlorogthens 21-JAN-05 19:27] 0,105 up 1 0.5
2-Butanone 21-JRN-05 19:27 0.237 17. 1 0.5
Chloroform 21-JAN-05 19:27 0.3127 jiin] 1 0.5
1,1,1-Trichlervethane 21=JAN=05 12:27 0.122 hiie] 1 0.5
Carbon Tetrachloride 21-JAN-05 19:27 0.3161 jiis] 1 0.5
Benzene 231-JAN-05 19:27 0,0939 D.86 1 0.5
1,2-Dichlorosthane 21-JAN-05 15:27 0.3101 D 1 0.5
Trichlorgsthens 21-JAN-05 (271 0.10 hoie] 1 0.5
1,2-Dichloropropans 21-FAN-05 :27 0.0669 bpia] L 0.5
Bromoadichloromsthane 21-JAN-05 19:27 6.313 D 1 0.5
cis=-1,3-Dichloropronsne 21-JAN-05 15:27 0.0979 i) 1 0.5
4-Methyl-2-Pentancne 21-JAN-05 19:27| 0.0747 1.4 1 0.5
Telusne 21-JaN-05 1%:27 0.120 6.5 1 4.5
trans-1,3-Dichloropropen 21-Jaw-05 1%:27 | ©.0788 D 1 0.5
1.1,2-Trichlorosthane 21-JaM-05 15:27 0.174 D 1 0.5
Tetrachloroethens 21-JaM-05 19:27 0.117 1.1 1 9.5
2-Hexanone 21-JaN-05 19:297] 0.0887 D 1 6.5
Dikromechloromethane 21-JAaN-05 19:27) 0.125 HD 1 0.5
1,2-Dibromosthane 21-JAN-05 319.37]| 0.117 HD 1 0.5
Chlorohenzens 21-JAN-053 19:27 0.118 KD 1 0.5
Ethylbanzens 21-JaN-05 19:27] 0.0872 1.0 1 0.5
m p-Xviena 21-JaW-05 19:27 ) 0.3215 4.1 1 1.0
g-Xylene 21-JaNM-05 19:27) 0.103 1.5 1 0.5
Styrena 21-3aM-05 19:27| 0,0825 5.7 1 0.5
Bromoform 21-JAN-05 18:27| 0.118 HD 1 0.5
1,1,2, 2 -Tetrachlorpethane 21_JaN-05 319:27| 0.140 BD 1 0.5

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
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FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

Form RLIMS63A-V1.4
01270512103945
Page L0

A Sorsnson Company S050M09T
Date Printed : 27-JAN-05 12:06 DL Sample Mame : 05101383
Client MName : Montana Tech DCL Report Group : 05I-0167-07
Analytical Results
Date
Analyta Analyzed DL Result | Comment | Qual, |Diluticn POL |
Benzyl Chlorids 21-JAN-D5 19:27 0. 0856 WD 1 G.5
4-Bthyl toluehe 21-JAN-05 19:27| 0.0888 0.25 J 1 0.5
1,3, 5-Trimethylbenzens 21-JAN-05 19:27 0.0592 0.27 ) 1 0.5
1.2, 4-Trimethylbenzens 21-JAN-05 18:27| 0.0756 0.83 i 0.5
i,3-bDichlorobenzens 21-JAN=-05 19:27) 0.133 ND 1 0.5
i,4-Dichlorobenzane 21 -JAN-05 18:271 0.133 ND 1 0.5
1,2-Dichlorohbenzans 21-JAN-05 18:27)| 0.107 ND 1 0.5
1,2, 4-Trichlorobenzens 21-JAN-05 19:27 )| 0.148 HD 1 0.5
Hexachlorchutadisne 21-JAN-05 18:27| 0.232 ND 1 0.5
Methyl t-Butyl Ether 21-JAN-05 19:27| 0.111 ND 1 0.5
Total Petroleum Hydrocarbon 21-JAN-05 19:27 34, J 1
Tentatively Identified Compound Results
Date
hnalyte (Retention Time} Analyzed Result Comment Qusl. Dilution
Isopropyl Alcohol (6. 48) 21-JaN-05 19:27 130 J 1
Silane, methoxyirimethyl-(7.61} 21-JAN-05 1%:37 B5. J
Silanol, trimethyl-{(7.87)} 21-JAN-05 192:27 11, J
Ethyl Acetate(8.52) 21-JRM-05 19:27 2.9 T
Silapne, triethoxypropyl-(12.61) 21-JpN-05 19:27 3.5 J

360 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (801} 266-7700
FRX (BO1) 268-95852
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FORM J (TYPE I)

— SINGLE METHOD ANALYSES Form RLIMS63J-V1.4
DA l A—_—:“..,..—- 01260516204292

QUALITY CONTROL DATA SHEET
LABORATORY CONTROL SAMPLE (LCS)

- | | i
A Savenson Company LABORATORY CONTROL DUPL (LCD) S050R002

DCL Sample Name ¢ QC-227387-1
Clisnt Name : Montana Tech Date Printed. Lo 20-JAM-05 16:20
Relzase Number : Not Provided

DCL Analysis Group: GORORDOG
Matrix : ATR Analvsis Method : OIS
Reporting Units : pph w/fv Instrumant Typa : GC/ME VO

Instrument ID : 5972-0

Column Type : DB-1
DCL Preparation Group: Mot Applicable Eerimary
Dats Prepared : Not Bpplicable CJcConfirmacion
Preparation Method : Not Applicable

QC Limit Tyvpe : Merthod
Analytical Results

Date Parcent QT ?C

Analvie Anzlyzed Target R_e_sult Recovery Limits Flag
Mothylene Chlorids 21 -FAN-05 314:0% 10.0 10.3 103, 65.0/135,
1. i-Dichlorcathans 21-JAN-05 14:0 10.0 10.1 103, 65.0/135.
Trichlovrosthens 21-JAN-05 14:03 10.0 10.6 166, 65.0/135,
Toluena 21-JaM-05 1401 10.0 10.1 101 . 65.0/135.
1,1,.2,2-Tetvachloroathane 21-TAN~05 14:0] 10.0 9.43 24.3 65.0/135,

SD50R003
DCL Sample Mams : QD-227387-1

Analytical Results

Dakte Duplicate] Percent Qo oc
Analyte Analvzed Result Recovery Hean Range RPD Limits Flag
Mathylens Chlorids 21-JAN-05 14:42 9.69 86.9 9.%8 0.581 5.8 0.00/25.0
1,1-Dichlorcethens 21-JAN-05 14:43 2.92 85.2 g9.49 1.15 12, 0.00/25.0
Trichlorcathang 21-JAN-05 1d:43 16,2 1902, 10 .4 0,397 3.8 0.00/25.0
Toluane Z21-JAN-05 1d:44 10.2 102, 10.2 0.045¢0 [0.44 0.00/25.0
1,1,2,2-Tatrachloroethane 21-JAN-05 14:42 2.74 57.4 9.69 0.306 3.2 0.00/25.0

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (801) 266-7700 Web Page: www.datachem.com
FAY [801) 268-9992 E-mail: lab@datachem.com
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DATA
C

P ABORATO
A4 Sorenson Company

Z

Client Hame

FORM C (TYPE I)
SINGLE METHOD ANALYSES

QUALITY CONTROL DATA SHEET
BLANK SAMPLE

: Montana Tech

DCL Sample Name
Date Printed

Form RLIMS63C-V1.4
01260516204252
Page 12

AEL
S050R00L

: BL-227387-1
; 26-JAN-05 16:20

GOSOR00G

: To-15

T GC/MS VO
2 B872-0

: DB-1

FEPrimary
Oconfirmation

¢ Method

Relsase Number : Hot Provided
DCL Analysis Group:
Mabrix AIR hnalysis Method. .
Raporting unics : PPR VSV Inscrument Typae
Instrument ID
Column Type
DCL Preparation Group: Mot Applicable
Date Prapared : Mot Applicable
Preparation Method : Mot Applicable
QC Limit Type
Analytical Results
Late
Analyte Analyzed Result MO, CRDL
Dichlerodiflucromethans 21-JAN-05 16:04 21 0.562 1.0
Chloromethana 21-JAN-05 16:04 WD 0.370 1.0
Freon 114 21-JAN-05 16:04 190 0.528 o
Vinyl Chlorids 21 -JAN-0 6:04 jG1s] 0.375 .0
Bromome thane 21-JAN-0 20 juin] 0.316 L0
Chlorvethane 21 -JAN-05 16:04 juss] 0.400 1.0
Freon 11 21 -JAN-05 : Jiiin] .340 1.
cis-1,2-Dichloroethene 21-JAN-05 16: D .358 1.0
|Carbon Disulfide 21 -JAN-05 16: NI .330 1.0
Frecn 113 21 -JAN-05 16:04 juln) .200 i.0
Acstone 21-JAN-05 16:04 D 282 1.0
Methylene Chloride 21 -JAN-05 16:04 HR .380 1.0
trans-1,2=-Dichloroethene 21-JaN-05 16:04 HD 0,305 1.0
1,1-Dichloroethana 21-JAN-05 i6:04 Mo 0.336 1.0
Vinyl Rcetate 21-JA-05 16:04 o 9.411 1.9
1,i-Dichlorocsthens 21-JAN-05 16:04 jiin] 0.362 1.0
2-Butanona 21-JAN-05 16:04 joja] 0.438 1.0
Chinreform 21-JAN-05 16:04 D 0.401 1.0
1,1,1-Trichloroethans 21 -JAN-05 16:04 D 0.337 1.0
Carbon Tetrachloride 21-TAN-05 16:04 D 0.312 1.0
Benzans 21-JaN-05 1604 10} 0.336 1.0
1,2Z-Dichlorcathane 21-JAN-05 16:04 o) 0,382 1.0
Trichlorcethene 21-Jam-05 16:04 M 0,250 1.0
1,2-Dichloropropane 21-JB¥-05 16:0 jijn] 0.362 1.0
Bromodichloromethane 21-Jaw=-05 1604 N 0.31E 1.0
ciz~-1, 3-Dichloropropens 21-JAN-05 16:04 i3] 0.315 1.0
4-Methyl-2-Pentancne 21-JAN-05 16:04 joja] 0,34 1.0
Teluene 21-JAN-0S5 16:0 i) 0.27 1.0
trans-1,3-Dichloropropens 21 -JAN-05 : 04 i) 0.32 1.0
1,1, 2-Trichlorgethane 21-JAN-05 1604 D .23 1.0
Tetrachlorcethene 21-JRN-05 1604 D [ 1.0
Z-Hexanone 21-JaN=-05 16:0 HD 0.34 1.0
Dibromochloromsthans 21-Jan-05 16:04 HD 0.33 1.0
1, 2-Dibromosthans 21-JAN-05 16:08 NI 0.31 1.9
Chlorobenzene 21-JAN-05 16:04 HD 0.283 1.0
Ethylbenzens 21-JAH-05 16:04 HD 0.311 1.0
m,p-Xylens 21-JAN-05 16:04 WD 0.708 1.0
o-Xviene 21_JAN-05 16.04 ND. 0361 1.0
styrang 231-JAN-05 16:04 D 0.29¢ 1.0
Brome form 21-JaM-05 16:04 2] 0.343 1.0
1,1,2,2-Tetrachloroathansa 21-JAN-05 16:04 N 0.32%9 1.0
Benzyl Chlorids 21-JAN-05 16:04 NE 0,329 1.0
4«Ethyl toluens 21-JAN-05 16:04 N 0.365 1.0
1,3, 5-Trimethylbenzens 21-~JAN-05 16:04 1) 0.343 1.0
1.2, d-Trimerhylbanzene 21-JAN=05 16:04 ND 0.343 1.0
1,3-Dichlorchenzensa 21-TJBN-05 16:0 N 0.328 1.0
1,4-Dichlorchbenzens 21-JAN-05 16:04 NE 0,325 1.0
960 West LeVoy Drive / Salt Lake City, Utah B84123-2547
Fhone (801) 266-7700 Web Page: www.datachem.com
FRE (B0L}) 268-9992 E-mail: lab@datachem. com
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FORM C (TYPE I)
SINGLE METHOD ANALYSES

| QUALITY CONTROL DATA SHEET

LAE ATORIES BLANR SAMPLE
A Sorenson Company

DCL Sampls Mame

Client Wame : Mentane Tach Date Printed.

Analytical Results

Date
Analyte Analyzed Result MDL CROL
1,2-Dichlorobenzens 21-JAN-05 16:04 ND 0.3313 1.0
1,2 d=Trichlorcbenzene 21-JAN-05 16:04 HD 0.352 1.0
_I_ig?_achlorobutﬂdiene 21-JAN-05 16:04 il 0,338 1.0
[Methyi t-Butyl Ether 21-0a0-05 16:04 biis} 0,316 1.0

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (B01) 266-7700 Web Page: www.datachem.com
FaX (801) 26B-9992 E-mail: lah@datachem.com
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Form RLIMSG3IC-V1 . 4
01260516204292
Page 13

[

S050R001

: BL-227387-1
: 26=JAN-05 16:20



umn

ll

DATA
hH

h]

L ABO

RA

w

A Sorensen Company

Client Name
Release Humber

Matrix
Reporting Unit

=

FORM G (TYPE I)

SINGLE METHOD ANALYSES

QUALITY CONTROL. DATA SHEET
SURROGATE SUMMARY

: Montana Tech
: Mot Provided

: ALIR

T ppb viv

Surrogate Recoveries

Data Printed

DL Analysis Group:
Analysis Method

DCL Prep Group
Preparation Mathod:

0C Limit Type

Form RLIMS63G-V1.4
01260516204292
Page 14

GOE0R00=

: Z6-JAN-05 16:20

GOS50RODG

: TO15

: Not Applicable

Not Applicable

: Method

Sury. ID 4-Bromotilusrobensene

QU Limits 65 .0/ L35,

TOL Sample Analyte Spiked E3 Analyte ToiRed k3 Ihalyte | opiked 3
Humber Result Amount Bec. |f] Hesult unt Rec. |9] Recult Amount Rac. [0
05101380 21.1 20.0 105,

05101381 7.8 20,0 8%.3

05I013182 9.4 20,0 96.8

05101383 12.2 20.0 96.2

BL-227387-1 16,6 20,0 82,9

0i2-227387-1 19.6 20.0 98,1

QD-227387-1 19.1 20,0 55.6

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (B01) 266-7700

FAX (801) 268-9992

Web Page: www.datachem. com

E-mail:
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DA TA ANALYTICAL REQUEST FORM

c M 1. [[] REGULAR Status (st DUg7 OF
iiE [] RUSH Status Requested - ADDITIONAL CHARGE

LABORATORIES, INC. RESULTS REQUIRED BY

DATE
CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

b

2. Date M Purchase Order No. 4. Quota No.

3. Company Name TR Miufina Tech DCL Froject Manag
Address Jlow Weot Pen” ST 5. Sample Collection
he Ml M7 sTgel Sampling Site
Person to Contact _,)/;J"‘/ Sﬂ‘”‘ Ll Industrial Process
Telephone (Yob ) LA /"r""f 3" Date of Collection
Fax Telephone (4o b7 b - j{f.. Vo Time Collected
Eamall Address T Speey & b Tec b ety Dats of Ship
Billing Address {if different from above} Chain of Gustody No
6. REQU!
: Clhent Sample Number Matrix® Sample Volume ANALYSES REQUESTED - Use method number i known | Units*®
156G [ufes | G2 Y & G e b
1s? Py b GG, ¥ L o Ve [N
el oy [ 2 (350 L ::;;;z.v-'l.ae/"‘ .
1é7 fi/hv | 303.¢ & q¥av ey,
)7 ¢ it | 72 b o, JAe Fuie
107 Al tee | ggas b v wp ot
‘” L & Mimieny, Fodis ;\{J-C}'L!J TO 57 'f"r"q
1 51 APHER fuph bt TO /SHTRH
STAsAS Pinicen Eof fath/ TO sk TEH
1Y 88 Buute | Dovo & S joC Hlethad 50 e
HE s ¢ Folfew Lot L Guvav v, Fory

*  Specily: Solid sorbent tube, @ g Charcoal; Filter type; Impinger sclution; Bulk sample; Bitfad; Urine; Tissue; Soil; Watar: Other
** 4 uglsample 2 mgim® 3.ppm 4% 8 {other) Please indicale one or more units in the column entitied Units*®

Comments

Possible Contarnination and/or Chemical Hazards

7. Chainof G ly {Optional)

Relinguished by Date/Time

Received by Rt AT DatefTime o=

Rolinquished by Lo A= Datermime 42

Received by Date/Time

Relinquished by Date/Time

Received by Date/Time

960 West LeVoy Drive / Sait Lake City, UT 84123 800-356-9135 or 801-266-7700 / FAX: B01-268-8092
DATACHEM LABORATQRIES, INC. www.datachem.com
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DATA
CHEM

IR
LABORATORIES, iNC.

—~

,
2 Date 31657 purchase order o

ANALYTICAL REQUEST FORM

1. [} REGULAR Status

BT o1 sF. (7

[] RUSH Status Requested - ADDITIONAL GHARGE
RESULTS REQUIRED BY

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4, Guote No.

3. Company Name flen(ens Teq A DCL Project M

Address / je O e f- ‘P"J f_sF 5. Sample Collection
Leoffe 0 iy A Sampling Site

Person to Contact ?V?“"'}’} Pl industrial Process
Telephone (¢ ) el 7 Yy~ Dats of Coflection
Fax Telephone (fou )L G L Y E5C Time Cotlacted
E-mail Address —f S.'!} saw 4 ja fer k. "J" Dats of Ship

Bilfing Address (if difierent from above}

Chain of Cuslody No

6. REQUEST FOR ANALYSES

Clignt Sample Mumbar bAatrix® Sampls Volume | ANALYSES REQUESTED - Use mathod number i known | Uniis'™
jI¥ Bc Chmvee Joboe ML M-eflu‘ . {sof

e X LAD-2 | ged0rb Methd 2539

118 Moo bt sieos | ggaome FOo  puthd oty

1y _po pobsicee | Bsoepc | MO puth Gotd

L] fhind Conm TOwts™ +TPH.

“ 1 uglsample 2 mgm® 3 ppm 4% 5
a

{olher)

*  Specity: Solid sorbent tube, & g Charcoal; Filter type, Impinger solution; Bulk samyple; Biood; Urine; Tissue; Soil; Water; Other

Please indicate one or more units in the column entitied Units**

16]

Possible Gontamination and/or Ghemical Hazards
7. Chain of Custody {Qptional)

Relinguished by Date/Time
Received by ot Pt Date/Time o2s
Relinguished by Rt/ Date/Time % /-:”
Recaived by Daie/Time
Relinquished by Date/Time
Aeceived by DatefTima

950 West LeVoy Drive / Salt Lale Cily, UT 84123
DATACHEM LABORATORIES, INC.

800-356-9135 or 801-266-7700 f FAX: B01-268-9992

224

www.datachem.com




DATASE

A Borenson Company

Montana Tech
Attention: Terry Spear
1300 West Park Street
Butte, MT 59701

Client Sample Hame

FEB 7 3 2005
COVER PAGE

Form COVER-V1.4
02220514274679
Page 1

ANALYTICAL REPORT FOR
Montana Tech

Phone(406) 496-4445 Fax{406) 496-4650
E~mall: tspeargmtech.edu

cszsoa:.
DCL Repert Group..: 05¥-0480-05
Date Printed
Project Protecol #: PO21CO0L

Client Ref Number.: Not Frovided

Release Humber....: Not Provided

Analysis Method(s): TO=-15

MCcz7

Hethed Blank
LCS

LCE Dup

Laboratory Data Date -
Sample Hame Sampled Recaived

05104984 Rot Provided 1Li-FEB-05

BE-228535-1 HA HA

QC-228535-1 Ha HA

QD-228535-1 HA HA

23 0S
A st: Andrea dhan Date
ég@:; %Mu- 2.23.08
eviewer: qunﬁs J. Masocian Date

960 West LeVoy Drive / Salt Lake City, Utah B4123-2547

Phone (B01) 266-7700
FAX {801) 268-9992

Web Page: www.datachem.com
E-mail: lab@datachem,com
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== FORM H (TYPE I)

_ Form RLIMS63H-V1.4

M‘ l ‘A= SINGLE METHOD ANALYSES 02220514274679
= Page 2

SAMPLE GROUP COMMENTS

A Sorenson Company QU51B03L

DCL Report Greup..: 05I-0480-05
Dakte Printed......: 22=-FEB-05 14:27
client Name...:Monktana Tech
Release Humber....: Not Provided

Sample Group Commen ks

The "E" gualifier indicates a reported level above the analytical linear range.
Analyzed by GC/MS according to method TO1S.

POL - Practical Quanktitabtion Limit - Lowest standard that is detectable.

MDL - Method Detection Limit - Statiskicaly derlved value using 40 CFR methods.

General Information

The DCL QC Database maintains 211 numerlieal figures which are input from the pertinent data
source. These data have not been rounded to significant figuraes nor have they been molsture corrected.
Reports generated from the system, however, list data which have been rounded to the number of
significant figures requested by the client or deemed appropriate for the methed. This may create
minor disccrepancies betwean data which appear en the QC Summary Forms (Forms B-G) and those that would
be caleulated from rounded analytical results, Additionally, if a molcture correction is performed,
differences will be observed between the OC data and the surrogate data reported on Form A (or other
report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form a whill
indicate the "Report Basis" as well as the meisture value used for making the corraction.
Report generatlom optioms: BX

Result Symbol Definitions

HD — Mokt Detectad above the MDL (ILD or MDC for radiochemistry).
** - No result could be reported, see sample comments for details.

Pualifier Symbol Definitions

U - Not Detected above the MDL (LLD or MDC for radiochemlstkry).

B - For organic analyses the gualifier indlcates that this analyte was found in the method blank.
For inorganic analyses the guallfier signifies the value is between the MDL and PQL.

J - For organic aralyses the gualiflier indicates that the value is between the MDL and the PQL.
It iz alse used for indicating an estimated value for tentatively identifled compounds
in mass spectrometry where a 1:1 response is assumed.

gC Plag Symbol Definitions

% . Parameter outside of specifled QC limits.

960 West LeVog Drive / Salt Lake Gity, Utah B4123-2547
Phone (B01) 266-7700 Web Page: www.datachem.com
FAX (BO1l) 268-9992 E-mail: lab@datachem.com
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[l

DATA

Al

L

LABORATORY) ES
A Sorenson Company

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANBLYSIS DATA SHEET

Date Printed....a+...1 22~FEB=05 14:27

Client Name....
ciient Ref Humber....! Hot
Sampling Site........: Hot
Release Number r Mot

pate Recelved.......

DCL Ereparation Group: Het

wsasst Montana Tech

Provided
Provided
Provided

Applicable

.1 11-FER-05 00:00

Form RLIMS63A-V1.4
02220514274679
Fage 3

5051B078

Clisnt Sample Name: MC27
DCL Sample Name...: 05104984
0CL Repert Group..: 051-0400-05

Matriseronranara..d AIR

pate Sampled......: Mot Provided
Reporting Units...: PFB v/

Report Basis......:[XlAs Received [Jbried

pCL Analysis Group: GOSLHOLR

Date Prepared....-...: Not Applicable analysis Method...: T0O-15
Freparatlion Method...: Not Applicable Instrument Type...: GC/HE VO
Aliguot Weight/Velume: 200 mL Instrument ID.....: 3872-0
Net Weight/Volume....t Nokt Reguired Column TYpe...:...t DB-1

Hlprimary

Oconfirmation
Analytical Results

Date

analyte Analyzed MDL Resulb Comment | Qual.|Dilution FOL
Dichlorediflucromethane 15-FEB-05 07:01| 0.150 1.8 1 0.5
Chloromethane 15-FEB-05 07:01; 0.187 1.5 1 0.5
Freon 114 15-FEB-05 07:01 6.1558 HD 1 0.5
Vinyl Chleoride 15-FEB—-05 07:01 0,180 ND 1 G.5
Bromomethane 15-FEB-05 07:01 0.1768 ND i 0.5
Chloroethane 15-FEB-05 07:0L 0.248 HD 1 0.5
Freonm 11 15-FEB~05 07:0L 0.132 0.35 J 1 0.5
cigs-1,2-Dichloroethene 15-FEB-05 07:01 0.0938 nD i 0.5
Carkben Disulfide 15-FEB-05 Q7:01]| 0.130 ND 1 0.5
Freen 113 15-FEE-05 07:01 0.124 RD 1 0.5
Acetone 15~-FEE-05 D7:42 0,179 270 B 19 0.5
Methylene Chloride 15-FEB-05 07:01 0.117 1.7 1 0.5
trans=1,2-Dichlorosthene 15-FEB~05 07:01 ] 0.100 HD 1 0.5
1,l-bichloreethans 15-FEB=05 07:01} 0.143 HD 1 0.5
vinyl Acetate L5-FEB—05 07:0% D.0642 HD 1 0.5
1l,l-Dichloroethene L5~FEB=05 07:01 0,105 RD 1 0.5
Z-Butanone 1L5~FEB-05 07:42| 0,237 48. i0 0.5
Chleoroform L5-FEB=05_07:01 0.127 0.17 aJ 1 0.5
1,1,1-Trighleroethane L5-FED-05 07:01 0.122 "D 1 0.5
|carbon Tetrachloride L5-FEB-05 07:01 0.161 HD 1 0.5
Benzens 1L5-FEE-05 07:01| 0.0939 2.2 1 0.5
1,2-Pichleorcethane L5-FEB-05 07:01 0.181 HD 1 0.5
Trichlorssthene L5-FEB-05 07:01 | 0.109 0,26 J 1 0.5
l,2-pichloropropane 15-FEB-05 07:01| 0.066% HD 1 0.5
Bromodichloromethane 15-PEB-05 07:01j 0,138 ND 1 0.5
clg=1,3-Dichloropropene 15~FEB-05% 07101 0.097% HD L 9.5
G-Mgthvl—a—l’shtanane 15-FEB~05 07:01 0.0747 1.7 L 0.5
Toluene 15-FEB-05 07:01 0.120 Tl L 0.5
trans—1,3-Dichloropropene 15-FEB-05 07:01| 0.0788 HD 1 0.5
1,1,2-Trichlorsethane 15-FEB-05 07:01 0.174 KD L 0.5
Tetrachloroethene 15-FBB-05 07:01 ]| 0.117 0,50 L 0.5
2-Hexanone 15-FER=-05_07:01 0.0887 BD 1 0.5
Dibromochloromethane 15-FEB-05 07:01] 0,125 ND 1 0.5
l,2-Dibromoethane 15--FEB-05 07:01 0.117 KD 1 0.5
Chiorcbanzene 15-FEB-05 07:01 | 0.118 HD 1 a9.5
Ethylbenzene 15-FEE-05 07:01 0.0872 11, 1 6.5
m,p—Xylene 15-FEB-05 07:01 ! 0.215 30. 1 1.0
o-Xyvlene 15-FEBE-05 07:01 $.103 7.5 1 0.5
Styrena 15-FEB-05 07:01 ) 0,0625 0.48 J 1 0.5
Bromoform 15-FEE-05 07:01 0.118 HE 1 0,5
i,1,2,2=Tetzachloroesthane 15-FEB-05 07:01 0.140 HD 1 0.5

960 West Lerg

Phone {(801) 2
FAX {B01) 268-9992

6-7700

Drive / Salt Lake City, Utah 84123-2547

Web Page: www.datachem.com
E-mail: lab8datachem.com
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DATA=

(i

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

LABORA
A Sorenson Company

ol
|
my
]

Date Printed.........: 22-FEB-05 14:27
Client Mame.....--.-.t Montana Tech

DCL Sample Hame...

Analytieal Results

Form RLIMS63A-V1,4
02220514274679
Page 4

AT

50518078

: 051049684
DCL Report Group..: DSI-0480-05

Date
Analyte Analysed MDL Result comment | Qual. |Dilution FOL
Benzyl Chloride 15-FEB=05 07:01 0.0856 HD i 0.5
4-2thyl toluene 15~FEB=05 07:01 D.0888 0.72 i 0.5
l,3,5-Trimethylbenzene 15-FEE=05 07:01 0.0592 1.2 1 0.5
l,2,4-Frimethylbanzene 15-FAB-05 _07:01 0.0756 3.1 1 0.5
i,;3-Dichlorobenzene 15-FEBE-05 07:01 | 0,133 HD 1 0.5
i,4-Dichlercbenzene 15-FEBE=05 07:01 0.133 0.24 J 1 0.5
1,2-bichleorobenzens Ll5-FEB-05 07:01 0.107 HD 1 0.5
1,2,4-Trichlorobenzene L5-FEB-05 07:01 0.149 ND 1 0.5
Hexachlorsbutadiene 15-FEB-05 07:01 ) ©0.232 ND 1 0.5
Methyl t-Butyl Ether 15-FEE~-05 D7:01 0.111 HD 1 0.5
Tentatively Identified Compound Results

Date

Analyte(Retentlion Time) Aanalyzed Result Comment | Qual. |Bilution
Propene{4.49) 15-FEB-05 07:01 67. B 1
Isobutane(4.83) 15-FEB-05 07:01 5.5 J 1
Butane(5.07) 15-FEB-05 07:01 7.7 J 1
gilane, flucorotrimekthyl-(S5,L0) 15-FEB-05 07:01 8.6 J 1
Ethanol({5.88) 15-FEB-05 07:01 110 B 1
isopropyl Alcohol{6.46) 15-FEB—-05 07:01 B5 . E 1
|methane, dimebhoxy—{6.62} 15=FEB=05 07:01 3.7 J 1
sllane.(z—methoxysthvl}tzimeth('i.62) 15-FEE-05 07:01 56. J 1
sllanol, trimethyl—(7.684}) 15=-FEB=05 07:01 56 . J 1
Hexane(8.51) 15=-FER~-05 07:01 2.9 1
Bthyl Acetate(B.54) 15-FEB-05 07:01 1.6 i
CYCLOPENTANE, METHYL-(9.21) 15-FEB-05 07:01 2.5 J 1
fH-Purin-6=-one,2-amino—~1,7-dih(9.56) L5-FPEB-05 07:01 3.6 J 1
pentana, 2,3-dimethyl-(10.24) 13-FEB-05 07:0L 2,4 ) i
Hexane, 3-methyl-(10,38) 15-FBB-05 07:01 3.8 J 1
Heptane(10.95) 15-FEB-05 07:0L 2.4 1
2-Pentens, 2,3-dimethyl-(12.92) L5-FEE-05 07:0L 2.4 J 1
2-Heptanone(l4.80) L5-FPEBE-0GS5 07:01 2.6 g 1
Nonane(l5.34} 15-FEB-05 07:01 2.7 J 1
Honane, 3-methyl-(16.04) 15-FEBE-05 07:01 2.7 F 1
Decane(17.22) L5-FEBE-05 07:01 .1 J 1
€10 Aromatic({17.66) L5-FEB-05 07:01 5.9 T 1
Limonene(17.84) L5-FEB-05 07:01 8.3 F by
Cyclohexane l-methylpropyl}—-{17.97 L5~-FEB-05 §7:01 2.6 J 1
Undecane(1l6.93) L5-FEE-05 07:01 4.7 J 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (B01) 266-7700 Web Page: www.datachem.com

FAX (801) 268-9992

E-mail: lab@datachem.com
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—_ FORM J (TYPE I)
= SINGLE METHOD ANALYSES Form RLIMS63J-V1.4
DA l A—__—'L_.“ 02220514274679
Y QUALITY CONTROL DATA SHEET Page 5
LABORATORY CONTROL SAMPLE (LCS)
A e apany LABORATORY CONTROL DUPL (LCD)
DOL Sample Name...: QC—-228535-1
Client Name......s:..! Montana Tech Date Printed,.....: 22-FEB-05 14127

Belease Wumber.......: Net Provided
DOL Analysis Group: GOS1HOLIR
MAabtriXeveranrneassanssst AIR Analysis Method...: TOLS
Reporting Units......:ppb v/v Inskrument Type...: GC/ME VO
Insktrument ID,....: 5572-0
Column TYDE...r~..: DB-1
DCL Preparatien Group: Not Applicable Eerimary
Date Prepared........: Hot Applicable [lconfirmation
Preparation Method...: Hot Applicable
QC Limit Type....-: Mathed

Analytical Results

Date Percent Qoc [*]s]
Analyte ARnalyzed Target Result Recovery Limits Flag
vinyl Chleride L4-FEE-05 12:07 10,0 11.5 115, 70.0/130.
ecis—1,2=-Dichloroethene L4-FEB-05 12:07 10.0 B.1l4 B1l.4 70.0/130.
Methylene Chleride L4-FEB-05 12:07) i0.0 9,22 52,2 70.0/130.
trans-1,2-Dichloroethene L4-FBE=05 12:07 10.0 B.8% 8.9 70.0/130.
l,1-Dichlorcethane L4-FBE-05 12:07] 1.0 9.41 94.1 70.0/130.
1,1-Dichloroethene L4~FEE-05 12:07 10.0 a.84 aA.4 90.0/130.
chloroform L4-FEB-05 12:07 10.0 8.31 83.1 70.0/130.
1,1,1-Trichloroethane L4-FEB-05 12:07 10.0 4.38 43.8 70.0/130.
Qarbon Tekrachloride L4-FEE-05 12:07 10.0 8.97 89.7 70.,0/130.
BEnzeng L4-FEB=-05 12:07 10,0 8.98 89.8@ 70.0/130,
l,2-Dichloroethane Li-FEE-05 12:07 10.0 9.15 91.5 70.0/130.
Trichlorcethene L4-FEB-05 12307 10.0 9.87 98.7 70.0/%30,
1,2-pichlorepropane L 4~-FEB-05 12307 10,0 10.0 100. 70.0/L30.
Toluene L 4-FEE=05 12:0% 10.0 9.74 97.4 70.0/130.
trans-1,3-Dichloropropens Li~FEB=~0S5 12:07| 10,0 8.72 87.2 70.0/130.
1,1,2-Trichloroethane 14-FEB-05 12:07 10.0 §.45 54.89 70.0/130.
Tetrachloroethene L4-FEB-05 12307 10.0 9,18 91.8 70.0/L35.
1,2-pibromoethane L4-FEB-05 12307 10.0 9.47 94.7 78.0/130.
Ethylbenzene 14-PEB-05 12:07 10.0 8.99 8%.9 70.0/130,
myp-oXylene 14-FEB-05_12:07 20.0 r6.8 B64.2 70.0/130.
o=¥ylene Li-FEB-05 12:07 10.0 5.06 80. 70.8/130.
Styrene L4—FEB-05 12:07 10.0 B.58 BS. 70.0/130,
1,1,2,2-%ctrachloroethane 4-PEB-05 12:07 10.0 8.94 83, 70.0/130.
Ethanol lL4~FEB~05 12:07 _ 10.0 11.3 113, 70.0/130,

2051G01R

DCL Sample Name...: QD=228535-1

Analytieal Results

Cate Duplicate| Percent Qc QC
hnalyte Analyzed esult | Recovery Mean Range | RFD Limits Flag
Vinyi Chleride 14-FEB-05 12:5% 11.8 119. 11,7 0.31% 2.7 0.00/25.0
cig=1,2=-Dichloroethene 14-FEB-05 12:52 8.72 87.2 8.43 0.588 7.0 0.00/25.0
Methylene Chloride 14-FEB-05 12:52 9,27 22,73 3,25 0.0450 |0.49 0.00/25.0
trans—l,2-Dichlorcethens 14-FEE-05 12:53 9.63 96.3 9.28 D.742 8.0 0.00/25.0
1,1-Dichloroethane L4-FEB-05 12:53 9.69 96.9 3.55 0,287 3.0 0.00/25.0
1,1-Dichloroethens 14-FEE-05 12:52 9,25 82.5 9.05 0.418 1.6 0.00/25.0
Chloroform 14-FEBE-05 12:53 5.13 91,3 8.72 0.BL7 9.4 0.80/25.0
1,1,1-Trichloroethane L4~FEE-05 12:52 9.32 §3.3 9.35 0.0520 |0.56 0.90/25.0
Carbon Tetrachloride 14-FEB-05 1%2:57 5.13 91.3 9.05 O.161 1.8 0.00/25.0
Benzene L4~FEB-05 12:52 §.81 98.1 3,39 06.829 8.8 0.00/25.0
1!2—Dichle:oebhane }.QMPE_E-CIS 12:52 0.30 93.0 $.23 0,145 1.6 0.00/25.0

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (B01) 266-7700 Web Page: wwii.datachem.com
FAX (B01) 268-9992 E~-mail: lab@datachem.com
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FORM J (TYPE I)

== SINGLE METHOD ANALYSES Form RLIMS63J-V1.4
D AT Ax 02220514274679
Y QUALITY CONTRCL DATA SHEET Page 6
CH] M LABORATORY CONTROL SAMPLE (LCS) T
A Berdnsen Company LABORATORY CONTROL DUPL (LCD) S S0sIG0IR
DCL Sample MName...: QD—228535-1
Cliant Name..........: Montana Tech Date Printed,.....! 22-FEB-05 14:27

Analytical Results

Date puplicate| Percent Qc Qc
Rpalyte Analyzed esult | Recovery Mean Range RPD Limits Flag
Trichloreethene 14-FEB-035 12:53 i1.0 110, 10.4 1.12 1L, 0.00/25.90
1,2=Dichloropropane 14-FEB-05 12:52 10.3 103, 0.2 0.326 3.2 0.00/25.0
Toluene L4-FEB-035 12:53 9.26 52.6 5.50 0.483 5.1 0.00/25.0
trans—1,3-Dighloropropeng L4-FEB-05 121532 9,92 99.2 9,32 1.20 13, 0.00/25.0
1,1,2-Trichlorcethane 14-FEB-05 12:52 8.94 B9 .4 9.21 0.551 6.0 0.00/25.0
Tetrachlorvethene 14-FEB-05 12:52 8.23 B2.3 a.70 0.953 11, 0.00/25.0
l,2-Dibromgethane L4-~FEE-05 12:5% 2.28 92.8 9,38 0.185 2.0 0.00/25.0
Ethylbenzene L4-FEBE-05 132:52 .28 92.8 3.14 0,286 3.1 0.00/25.0
myp-Kylene L4~FEE~-05 12:33 17.7 88.3 17.2 ©.828 4.8 0.00/25.8
o-Xylene L4-FER=-05 12:57 5.46 54.6 9.26 0.395 4.3 0.00/25.0
Stvrene 14~FEB-05 12:57 8,45 84,5 #.52 0.131 1.5 0.00/25.0
1,1,2,2-Tektrachlozoethane L4~-FEBE-05 12:52 8.72 B7.2 8.63 0.2186 2.4 0.00/25.0
Ethanol ld—-FE@—DE 12:52 12.0 120, 1l.6 D.670 5.8 0.00/25.0

960 West LeVoy Drive / Salt Lake City, Ubtah 84123-2547
Phone (801} 266-7700 Web Page: www.datachem.com
FAX (801) 268-9992 E-mail: lab@datachem.com
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DATAS

LABORATORIES
A Sorenson Company

QUALITY CONTROL DATA SHEET
BLANK SAMPLE

Client Mameé...,......: Mentana Tech
Release Number.......: Hot Provided

MatriXonasorssrnnsersad AIR

Reporting Units......:1 PEB V/V

DCL Preparatien Greup: Net Applicable
Date Prepared........: Not Applicable
Preparation Method...: Not Applicable

Analytical Results

FORM C (TYPE I)
SINGLE METHOD ANALYSES

Form RLIMS63C-V1.4
02220514274679
Page 7

S051G01P

DCL Sample Name...: BE-228535-1
Date Printed......t 22-FEB-05 14:27

DCL Analysis Group: GOS1HOLR
Analysis Method...: TO-15
Instrument Type...: GC/MB VO
Instrument ID.....: 5972-0
Column TYPE. . »s+s1 DB-1
E Primacy
[Jconfirmation

QC Limit Type.....t Mathed

Date
Analyte Analyzed Result MDL CRDL
Dichlorodifluoromethane 14-FEB-05 13:35 ND 0.150 0.5
Chloromethane L4-FEB-05 13:35 ND 0.187 0.5
Freon 114 L4-FPEB-05 13:35 HD 0.1558 6.5
Vinyl Chloride 14-FEB=05 13:35 KD 0.180 0.5
Bromomethane l4-FEB-05 13:35 HD 0.176 0.s
Chlorgethane 14-FEB-05 13:35 HD 0,249 0.5
Freen 1l 14-FEB~-05 13:35 HD 0,132 0.5
cis—-l,2-Dichlorsathene 14~FEB-05 13:35 HD 0.0538 0.5
Carbon Digulfide 14~-FEB—05 13:35 HD 0.130 0.5
Freon 113 14-FBEE-05 13:35 HD 0.124 0.5
Acetone 14-FEB-05 13:35 HD 0,179 9.5
Methylene Chloride 14-FEB-05 13:35 HD 0.117 0.5
trans-l,2-Dichloroethene 14-FEE-05 13:35 HD 0.100 0.5
1,i-Dichloroethane 14-FEBE~05 13:35 HD D.143 0.5
Vinyl Acetate 14-FBEBE-05 13:35 HD 0.0642 0.5
1,l-Dichloroethena 14-FEB-05 13:35 HD 0,105 9.5
Z2-Butanone 14-FEB-05 13:35 pils] G.237 0.5
Chlereferm 1a-FE8-05 13:35 HD 4.127 0.5
1,1,1-Trichiorogthane 14-FEB-05 13:35 HD 0,122 0.5
Carbon Tetrachleride 14-PEBE-05 13:35 D 0,161 0.5
Benzena 14-FEB-05 13:35 HD 0.093% 0.5
L,2-Dichioroethane 14=FEB=05 13:35 RD 0.101 0.5
Trichloroethene 14-FEB-05 13:35 BD 0.10%9 9.5
1,2-Dichloropropane 14=FEB=05 13:35 ND 0.066% 0.5
Bromodichloromethane 14-FEB-05 13:35 HD 0.138 0.5
cig-1,3-Dichloropropene 14-FEE—-05 13:35 RD 0.0978 0.5
4-Methyl-2-Fentanone 1l4~FEB—05 13:35 HD 0.0747 0.5
Tolueng 14~-FEB-05 13:35 HD 0.120 0.5
trans—1,3-Dichloropropene 14-FREBE—-05 13:35 HE 0.0788 0.5
1,1,2-Trichlorcethane 14-¥EB-05 13:35 HD §.174 0.5
Tetrachioroethene 14-FEB-05 13:35 HD 0,117 0.5
2-Hexanone 14-FEB-05 13:35 ND 0.0887 0.5
Dibromgghloromethane 14-FEB-05 13:35 HD 0.125 8.5
1,2=Dibromoethane l4-FEE-05 13:35 HD 0.117 0.5
Chlorabenzena 14~-FEE-05 13:35 HD 9,118 0.5
Ethvibenzene 14-FEB-05 13:35 HD 0.0872 0.5
m,p-Xylene 14-FEBE-05 13135 KD 0.215 1.0
o=Xvlene 13:38 HD 0.103 0.5
Styrene 13:35 ND 0.0625 0.5
Bromoform 14-FEB-05 13:35 ND 0.118 ¢.5
L,1,2,2=-Tetrachloroethane 1l4-FEB-035 13:38 BD 0.140 0.5
{Benzyl Chloride 14~FEE~-05 13:35 HD 0.0856 0.5
4-Bthyl toluens 14-FEB-05 13:35 HD 0.0888 0.5
1,3,5-Trimethylbenzene 14-FEE-05 13:38 HD 0.0582 0.5
1,2,4=Trimethylbenzene 14-FEB-05 13:35 HD G.0756 0.5
l;3-Dichlorobenzene 14—FER-05 1.3:35 ND 0.133 0.5
1l,4-Dichlorobenzene 14-FEB-05 13135 ND 0,133 0.5

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone {801) 266-7700
FAX (B01) 268-9592

Web Page: www.datachem,com
E-mail: lab@datachem.com
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FORM C (TYPE I)
SINGLE METHOD ANALYSES

(lly

Form RLIMS63C-V1.4

DATA
'l_

02220514274679
A \ QUALITY CONTROL DATA SHEET =|i m FTETETE T
A RRLA! PLANK SANPLE R
A Sorenson Company S051G01F
DCL Sample Name...: BL-228535-1
Client Hame,....cesss : Montana Tech Date Frinted...... t 22=FEB-05 14:27

Analytical Results

Date
Analyte Analyzed Result HMDL CRDL
l,2-Dichlorobenzene 1ld4—FEB-05 13:35 HD 0.107 0.5
1,2,4-Trichlorobenzene 14~FEB=05 13:35 HD 0.149 0.5
Hexaghlorobutadiene 14-FBE-05 13535 pite] §.232 0.8
Hothyl t-Butyl Etbher 14-FEB-05 13:35 NI 0,111 0.5

960 West LeVoy Drive / Salt Lake City, Utah B4123-2547
Phone (B01) 266-7700 Web Page: www.dabachen,com
FAX (801) 268-9992 E-mail: lab@datachem.com
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DATAS

LABORATORIES
A Sorenscn Company

client Mame..........: Montana Tech

Aelease Number.......: Hot Provided
MabriX.seornsannnnarss 1 AIR
Reporting Uniks..a...i ppb v/¥

FORM G (TYPE I)
SINCLE METHOD ANALYSES

Form RLIMS63G-Vi.4
0222051427467%
Page 9

QUALITY CONTROL DATA SHEET
SURROGATE SUMMARY

S ) f Hil
051HOLIR
Date Printed......t 22-FEBE-05 14327

DCL Analysis Group: GOS1HOLIR
Analysls Method...: TOLS

DCL Prep Group
Freparation Methods: Hot Applicable

0C Limit Type...-.: Method

surrogate Recoveries
Surr. ID 4-Bromoflucrcbenzene
foC Limits 65.0/135
(DCL sample Analyte Spiked % Anoiyce Spiked % Analyte Bpiked T
NHumbe: Resulk Amount Rec. |0l Resulk Amount Rec. (@} Result Amount Rec. |0
051049084 16.4 20.0 82.2
BL-228535~1 17.3 20,0 86.5
QC-228535-1 20.1 20.0 100.
QD-228535-1 19.7 20.0 98.7

960 West LeVo% Drive / Salt Lake City, Utah 84123-2547

Phone (B01) 266-7700 Web Page: www.datachem.com

FAX (801) 268-9992 E-mail: lab@datachem.com
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-
Pty DA m ANALYTICAL REQUEST FORM
R .
e e b
o] C 1. [] REGULAR Status &71 - (J‘é{u o
i —— HE M [ "] RUSH Status Requested - ADDITIONAL CHARGE
e —— RESULTS REGUIRED BY
LABORATORIES, INC. T RE e .
he GONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

2. Date _Z]ﬁ_[Ai Purchase Order No. 4. Quote No.

3. Company Name Montoos Tk DCL Project Manager

Address 1200 _wWeed Prele A 5. Sample Coliection
Botle il 3701 Sampling Site

Parson fo Contact Tz industrial Process
Telephona (40t ) 43~ HUHS Date of Collection
Fax Telephone {gog)—4%6 = 4660 Time G i
E-mail Address M@M‘ﬁm_———— Date of Shipment
Billing Address (if different from above) Chain of Custody No.

. REQUEST FOR ANALYSES

Client Sample Numbsr Matrixt Sample Volume | ANALYSES REQUESTED - Use method number { known | Unils™
2.73 Qe Fib] 45027 L RC/eC (g hpr 50 W)
222 Quuds Filk] 4665 L (HHpm sow |
B - - "
M&ary 2F Ffrer| Y238 b | aree oo (eRMie (k)
M [ PR 27 Flfe] 480 & | G belore N )
34505 ¢
My a7 ful e, | 389w o2 /403 (,uf.wi,r\ Gy J
JaME 29 Ty ce N (pm e Goty )
Moy CL-.ur.:-;,’ ?j’,‘h‘S cc BETE and ety M ﬁ,-m;,n;;';.r)
g 27 YA P a8t ce | Muchyde serces (WRAR 25:9)
£ » .
% 7 M< a9 Min Ean Yoo Scecewm EPATOIS ‘f“'_g%;:’;
*  Specify: Solid sorbent fube, 8 g Charcoal; Filler type: impinger solution; Bulk sample; Blood; Urine; Tissue; Soil; ‘Waler; Other
** 1 uglsample 2 mg/m® 3.ppm 4 % 5 (other} Please indicate one or more units in the column enlitled Units™

Comments

Possible Contamination and/or Chemicsl Hazards

7. Chain of Custady {Optienal)

Relinquished by Date/Time
Recelved by /C —t/ i Date/Time 2/ "
Relinguished by Date/Time
Recsived by Date/Tima
Relinguished by Date/Time
Received by Date/Time
960 West LeVoy Drive / Salt Lake City, UT 84123 B00-356-9135 or B01-266-7700 / FAX: 801-268-9992
DATACHEM LABORATORIES; INC. www.datachem.com
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COVER PAGE

_— ; Form COVER-V1.4
DATA_ — ANALYTICAL REPORT FOR ?3050512350328
. Page

Montana Tech

Fhone (406) 496-4445 Fax{406) 4£96-4650

LABORATORI ES E-mail: tspearémtech edu
A Sorenson Company

DCL Reporkt Group : 05I-0676-06
Date Printed : 05-MAR-05 12:36

Project Protocol #: PO21COCL
Client Ref Humber : Not Provided

Montana Tech Release Wumber : Not Provided

Attention: Terry Spear
1300 West Park Strest Analysis Method(s): TO-15
Butte, MT 52701

Laboratory Data Date -
Client Sample Nams Sample Name Sampled Received
Mathod Blank BL-229040-1 NA o
LCs QC-229040-1 NA NA
LCS Dup QD-235040-1 MA A
219¥A| 108527 05106987 Not Provided 25-FEB~05
21508108757 05106388 Net Previded 25-FEB-05
220%A| 108836 05I0698% Mot Provided 25-FEB-05
220R|108964 05106990 Mot Providad 25-FEB-05
222¥a| 108966 05106591 Mot Provided 25~-FEB~05
222AT|108768 N5I06992 Hot Provided 25-FEB-05
35°5%
Apia L Andrea @WW Date
() Ao 3308
Heviewar: Tnom?E J . Maselan Data

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (801} 266~7700 Web Page: www datachem com
FAaX (801) 268-9952 E-mail: lab@datachem.com
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FORM H (TYPE I)
SINGLE METHOD ANALYSES

Form BLIMSG3IH-V1.4
03050512360228
Page 2

]

DATA
H]B SAMPLE GROUP COMMENTS

LABORATORI| ES
A Sorensoen Company

DCL Report Group  : 051-06876-06
Data Printed .1 U5-MAR-O5 12:36
Client MName i Montana Tech

Relsase Number .  : Nob Provided

Sample Croup Comments

The “E" gualifier indicates a reported level above the analytical linsar rangs
Analyzed by GU/MS accerding teo methed TOLG.

#QL - Practical Quantitation Limit - Lowest standard that is detectable

MDL -~ Method Detection Limit - Statisticaly derived value using 40 CFR methods

General Information

The DCL QU Datazbase maintains all numerical figures which are input from the pertinent data
source Thess data have net besn rounded te significant figures nor have they besen meoisture corrected
Reperts generated from the system, howaver, list data which have been rounded to the number of
significant figures reguested by the client or dsemed appropriate for the method., This may create
minor discrepancies between data which appear on the QC Summary Forms {Forms B-G} and those that would
ke calculated from rounded analytical rasults hdditiocnally, if a moisture correction is performed,
differences will be observed between the QC data and the surrogate data reported on Form B {or other
report forms) and corresponding data reported on QC Summary Forms In these cases, the Form A will
indicate the "Report Basis* as well as the moisture value used for making the correction
Report gensration opticns: BX

Result Symbol Definitions

NI} - Not Detected above the MDL (LLD or MDC for radiochemistry).
** - No result could ba reported, see sampls comments for details.

Qualifier Symbol Definitions
U = Not Detected above the MDL (LLD or MDC for radiochemistry) .
B - For orgenic analyses the gualifier indicates that this analyte was found in the method blank
For inorganic analyses the gualifier signifiss the value is between the MDL and PQL
J - For organic analyses the gualifier indicates that the valus ils between the MDL and the BQL

It is alsc used for indicating an estimated value for tentatively identified compounds
in mass spectrometry where a 1:1 response is assumed

QC Flag Symbol Definitions

* - Parameter outside of specified OC limite

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (BOL) 266-7700 Web Page: www.datachem.com
FRY (B0L) 268-9992 E-mail: lab@datachem.com
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]

DATA

LABORATORY E
A Sorenson Company

el

Date Frinted

Client Name
Client Ref Number
Sampling Site
Release Numbeyr

Pate Received

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

: 05-MAR~05 12:36

: Montana Tech
: Mot Provided
: Mot Provided
: Not Provided

: 25-FEB-05 00:00

DCL Preparation Group: Mot Applicable

Date Prepared
Preparation Method

Het Welght/Volume

Analytical Results

: Not Applicable
: Mot Applicable
Aliguot Weight/Veoluma: 200 mL

: Mot Required

Client Sample Name:
DCL Sample Name
DCL Report Group

Matrix

Date Sampled
Reporting Units
Report Basis

DCL Analvsis Group:
aAnalysis Method
Instrument Typsa
Instrument ID
Column Type

Form RLIMS63A-V1.4
03050512360228
Page 3

S051W01X

219KA| 108527

: 05106987
: OBT-0676-06

: AIR

: Not Provided

: PEB V/V

: [As Received [JDriad

Goba3icze

D To-15

P GC/MS VO
. B9712-0

| DE-1

[ primary
Oconfirmation

Date

Analyte Analyvzed MDL Result Comment | Qual. {Dilution POL
Dichlorediflucrcmethans 04-MAR-05 11:17 0.150 4.98 1 2.5
Chloromethana 04-MAR-05 11:17 | ©.187 1.5 1 0.5
Freon 114 04-MRE-05 11:17 0.155 ND 1 0.5
vinyl Chloride 04-MAR-05 11:17 0,180 ND 0.5
Bromomebhans 04-MAR-05 131:17| 0.176 ND 1 0.5
Chlergethane 04-MAR-05 11:17 ) 0.24% ND 1 g.5
Freon 11 U4-MAR-05 11:17 0.132 0,80 1 0.5
cis- -Dichloroethens 04-MAR-05 11:17) 0.8938 ND 1 0.5
Carbon Disulfide Od-MAR-05 11:17; 0.130 G.66 1 0.5
Freon 113 04-MAR-05 31:17§ 0.124 NI 1 0.5
Acgtone O4-MAR-05 11:17 0.179 0. 1 0.5
Methylene Chloride 04-MAR-05 11:37] 0,117 0.80 1 0.5
trans-1,2-Dichloresthene 04-MAR-05 131:17) 0.100 NI i 0.5
1,1-Dighlorosthane 04-MRR-06 11:171 0.143 ND 1 0.

Vinyl Acatate 04-MAR-05 11:17 0.0642 ND i 0.

1,1-Dichleresthane 04-MAR-06 11:17] €. 108 ND 1 0.

2-Butanona 04-MAR-05 11:17| ©.237 3.6 1 0.5
Chloroform 04-MAR-05 11:17)| 06.127 0.60 1 0.5
1,1,1-Trichloroethane 04-MAR-05 331:17| 0.122 ND 1 0.5
Carbon Tetrachloride 04-MaR-05 311:17} 0. 161 D 1 0.5
Ben:ana 04-MAR-05 11: 0.0939 1.4 1 0.5
1, 2-Dichloroethana 04-MAR-05 171:17 0.1 ND 0.5
Trichloresthens 04-MAR-05 217 0.1 1.1 0.5
1.2-Dichloropropane 04-MAR-05 11:17( 0 0663 jujn] 0.5
Bromodichloromethans 04-MAR-05 311:17) 0.13 HD 0.5
cis-1,3-Dichloropropens 0d4-MAR-05 11:17 0.05878 ND. 1 0.5
4-Methyl-2-Pentancne 04-MAR-05 11:37) 0.0747 0.79% 1 0.5
Toluene 04-MAR-05 11:17 0.120 4.3 1 0.5
trans-1,3-Dichlorcpropens 04-MRR-05 11:17) 0.0788 i) 1 0.5
1,1, 2-Trichloroethans 04-MAR-05 11:17 0.174 ND 1 0.5
Tetrachlorcethens 04-MAR-05 11:171 0.117 0.52 1 0.5
2-Hexanone 04-MRR-05 11:17 0.0887 0.64 1 0.5
Dibremochloremethane 04-MAR-05 11:17] 0.125 )] 1 0.5
i, 2-Dilkromoethans 04-MAR-05 31:17| 0.117 Fi1e) 1 0.5
Chlorcbenzene 04-MAR-05 31:37| 0.118 o 1 0.5
Ethvlbanzana O4-MAR-0S5 11:317} 0,0872 1.0 1 0.5
m, p-Xylene 0g-MAR-05 11:17} 0.215 3.5 1 1.0
o-Xviena 04-MAR-05 131:17} 0.1403 1.3 1 0.5
Styrene 04-MAR-05 11:175 0,0625 0.78 L 0.5
Bromoform C4-MAR-05 11:17; 0.118 WD 1 0.5
1,1.2 2-Tetrachlorosthane 04-MAR-05 11:17] 0.3140 Jiija] 1 0.5

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (801) 266-7700
FAX (B01) 268-9952

Web Page: www.datachem. com

E-mail:
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DATAS

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

Form RLIMS63A-V1.4
(3050512360228
Page 4

I

AL goﬂrgr?ﬂon Cgrrllpgl'f')«' S051W01X
Date Printed ; 05-MAR-05 12:36 DCL Sample Name. : 05106987
Client Name : Montana Tech DCL Report Group : 051-0676-06
Analytical Results
Date
Analyte Analyzed DL Result | Comment | Qual. |Dilution PUL
Benzyl Chloride 04-MRR-05 11:17 | 0.0856 ND 1 0.5
4-Ethy]l toluens 04-MAR-0 ;17| 0.0888 0.88 1 0.5
1,3, 5~Trimethylbenzens 04-MAR-0 b:17 1 0.0532 0.57 1 0.5
1,2, 4-Trimethylbenzens GA-MRR-05 (170 0.0756 1.0 1 0.5
1,3-Dichlorohenzene 04-MAR-05 13:17 1 0.133 D 1 0.5
1.4-Dichiorochenzene 04-MAR-05 11:17 0.133 0.46 J 1 0.5
1,2-Dichlorobenzens 04-MAR-05 11:17} 0,107 D 1 0.5
1.2, 4-Trichlorobenzena 04-MAR-05 11:17§ ©.14% D L 0.5
Hexachlorchutadiens C4-MAR-05 32:17| 0.232 WD I 0.5
Mathyl t-Butyl Ether 04-MAR-05 31:17 0.113 D L 0.5
Total Petroleum Hydrocarbons 04-MAR-05 11:17 30, J 1
Tentatively Identified Compound Results
Date
Analyte {Retention Times} Analvzed Result | Comment | Qual. |Dilution
Propena{d.48} 4-MAR-05 11:17] 2.4 1
Acetaldehyde(d. 84} 4-MAR-05 11:17 35 fuj 1
Butane(5.09) 4-MAR-05 11:17 2.8 J 1
Ethanol (5.68} 04-MAR-05 11:17 T E 1
Isopropyl Alcohol (6,26} 04-MaR-05 11:17 170 B 1
Pentane, 2-methyl-(7.79) 04-MAR-05 11:17 3.5 J 1
Hexane (B.G51) D4-MAR-05 11.17| 1.3 1
Ethyl Acetate(8.57) 04-MAR-05 11:17 1.2 1
Heptane (10.95) D4-14AR-0S 11:19]| 1.2 1
Limonene{l7.84) O4-MAR-05 11:37 5.7 J 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone {801} 266-7700
FAX (801) 268-9992
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E-mail:
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l

DATA

L

A ES
A Sorenso

TQ
n Compa
Date Printed

Client Hama

client Ref Humber : Mot
Sampling Site + Mot
Release Number : Mot

Pate Received

ny

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

; 05-MAR-05 12:36

: Montana Tech

Provided
Provided
Provided

; 25-FEB-05 00:00

Client Sample Hame:
DCL Sample Name
DL Report Qroup

Matrix .

Date Sampled
Reporting Units
Report Basis

Form RLIMS63A-V1.4
03050512360228
Page 5

5051wW0ly

2190B|108757

: 05I06988
: 0BL-D676-06

: BIR

: Not Provided

. PEB V/V

B &s Received [JDried

PCL Preparation Group: Not Applicable DCL Analysis Group: GO523028
Date Praparad : Mot Applicable analysis Method . . TO=15
Przparatjon Method : Mot Applicable Instrument Type P GCMS VO
Aliquot Weight/Volume: 200 mL Instrumsnt ID : B9T2-0
Net Welght/Volume : Mot Required Column Type : DE-1

 Primary

Oconfirmation
Analytical Results

Data

Analvte Analvzed MDL Result | Comment | gual. |Dilution POL
Dichlorediflusromethans 04-MAR-05 11:55| 0.150 0.45 J 0.5
Chloromathane 04-MAR-05 11:55 0.3187 0.52 .5
Freon 114 04-MAR-05 11:55 0,155 D .5
Vinyl Chleride 04-MAR-O5 11:55 | 0.180 HD .5
Bromomethans D4-MAR-05 11:551 0.176 ND 1 G.5
Chlcrocethans 04-MAR-O5 311:55( 0.2345 KD, 1 0.5
Fracn 11 D4-MAR-05 11:55 0.132 0.37 J 1 0.5
cis-1,2-Dichlorcethene 04-MAR-05 11:55 0.0838 HD 1 0.5
Carbon Disulfids D4_MAR-05 11:55| 0.130 0.35 3 1 0.5
Freon 113 04-MAR-05 11:55 | 0.124 HD 1 0.5
Acetone D4-MAR-05 11:58 0.17% 8.8 1 0.5
Yethylene Chleoride 04~MAR-05 11:55 0.117 0.67 1 Q.5
trans-1, 2-Dichloroethens 04-MBER-05 11:55 0.100 KD 1 0.5
1,1-Dichloroathana 04-MAER-05 11:55 0.143 ND 1 0.5
Vinyl Acetate Od-MaR-05 11:55]| 0.0642 D 1 0.5
1,1-Dichlcroesthens 04-MAR-05 11:55) 0.105 ND 1 0.5
2-Butanone O0d4-MAR-05 11:55]| 0.237 D i 0.5
Chlorcform 04-MaR-05 11:55) 0.127 0.27 J 1 0.5
1,1, 1-Trichlorcethane 04-MAR=-05 11:551 0.122 ND 1 0.5
Carbon Tetrachloride 04-MAR-05 11:55) 0,161 ND 1 0.5
Benzena 04-MAR-05 11:551 00,0339 0.82 0.5
1,2-Dichlorpethane 04-MRR-05 11:55] 0,101 ND 0.5
Trichlorosthene 04-MAR-05 11:551 0,109 0.26 J 0.5
1,2-Dichloroprovans 04-MAR-05 11:55] 0.0669 ND 0.5
Bromedichloromsthane 04-MAR-05 11:55] 0,338 D 1 0.5
cis-1,3-Dichloropropens 04-MAR-05_11:551 0.0879 ND 1 0.5
4-Methyvl-2-Pentancna Q4-MAR-05 11:5% 0.0747 ND 1 0.5
Toluana 04-MAR-05 11.56| 0,120 15, 1 0.5
trans-1i,3-Dichloropropene Q4-MAR-05 11:551 0,0788 HD 1 0.5
1,1,2-Trichlercethane 04-MAR-05 11:55]| 0,174 ND I 0.5
Tetrachloroethena 04-MAR-05 11.55) ©0.117 0.53 1 0.5
2-Hexanonsa 04-MAR-05 11:55] 0.0887 NP 1 0.5
Dibromochloromathane O4-MAR-05 11:55] 0,125 WD i 0.5
1,2-Dibromoethans 04-MAR-05 11:55| ©.3117 ND i 0.5
Chlorobenzens 04-MAR-05 11:55 0.118 ND i 0.5
Ethylbenzens GA-MRR-05 11:55| 0.0872 8.2 i 0.5
m, p-Xylens O4-MAR-05 11:55 0.215 5. 1 1.0
a-¥ylene 04-MRR-05 11:55 9.103 18, 1 0.5
Styreng 04-MAR-05 11:55 0. 0625 0.28 o 1 4.5
Bromeform D4-MAR-05 11:55| ©.118 ND 1 0.5
1.1.2, 2-Tetrachlorcethane D4-MAR-05 11:55| 0.140 ND 1 0.5
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Al

DATA

LABORATOR! E 3
A Sorenson Company

FORM A (TYFE I)
STNGLE METHOD ANALYSES

SAMPLE ANALYSTS DATA SHEET

Form RLIMS63A-V1.4
03050512360228
Page 6

EERRT

SO5IW0LY

Date Printed : 05-MAR-05 12:36 DCL Sample Name ; 05106988
Client Hame : Montana Tech DCL Report Group @ 05I-0676-06
Analytical Results

Date )
Analvta Analyzed MDL Result Comment | Qual. [Dilution FOL
Benzyl Chloride 04-MAR-05 11:55 ) 0.0856 D i 0.5
4-Ethyl toluene 04-MAR-D5 11:55 | 0.0BSH 2.7 1 0.5
1,3, 5-Trimethvlbenzene 4-MARR-0G5 11:55 | 0.0592 .4 1 0.5
1,2,4=-Trimethylbenzene 4-MAR-0S5 11:55| 0.0756 2. 1 0.5
1,3-Dichlorchbenzens 4-MAR-06 11:55] 0.133 D 1 0.5
1.4-Dichlorcbenzene 4-MER-05 11:55| 0.133 0.22 J 1 0.5
1,2-bichlorcbenzens 04-MAR-0R 11:55| 0.107 HD 1 0.5
1.2 4=-Trichlorobenzensa 04-MAR-05 11:551 0.149 HD 1 0.5
Hexachlorgbutadiens 0d-MAR-05 11:55| 0.232 ND 1 0.5
Methyl t-Butyl Ether 04-MAR-05 11:55]| 0.3131 HD 1 0.5
{Total Petroleum Hydrosarbong 04-MAR-05 11:55 92. J L
Tentatively Identified Compound Results

Date

Anzlyte({Retention Time) Analyezed Resuilt | Comment ) Qual. |Dilution
Propens{d. 4%} 04 ~-MAR-05 11:55 1.1
Acetaldehyde(d.84) 04-MAR-05 11:55 3.k g
Ethanol [5.64) 04 -MAR-05 11:55 8.4 1
Isopropyl Alcohol(6.28) 04-MAR-05 11:55 5.
Panrane (6. 40} 04-MAR-05 11:55 3. J 1
Ethyl Acstatei(8.33) 04-MAR-05 11:55 1.1
Hexane (8.52) 04-MAR-05 11:55 0.81 1
| Heptanes(10.96) 04 -MAR-05 11:55 1.1 1
BENZEME, PRODYE- (16,35} O4-MAR-05 11:55 2.8 J 1
Benzens, l-ethyl-Z-methyl-[16.84} 04-MAR-05 11:55 3.3 J 1
Benzene, 1,2,3-trimethyl-(17.66) O4-MAR-05 11:55 3.0 J 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Web Page: www.datachenm.com
E-mail: lab@datachem. com

Phone
FAYX (BO1)

(801} 266-7700
268-9992
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W

DATA

LABORATORIE
b Sorensan Company

i

Date Printed

Client MNams
Client Ref Number
Sampling Zite
Release Number

Date Received

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

: 05-MAR-05 12:36

: Mentana Tech
r Hot Provided
: Not Provided
: Mot Provided

: 25-FER-05 00:00

DCL Preparation Group: Mot Applicable

Date Preparsad
Preparation Methed

Het Weight/Volums

Analytical Results

: Mot Applicable
: Not Applicable
Aliguot Weight/Volume: 200 mL

: Mot Reguired

Client Sample Name:
BCL Sample Hama
DCL Report Group

Matrix. ... . . .
Date Sampled
Reporting Units t
Report Basis

DCL Analysis Group:
Analysis Method
Instrument Type
Instrumenc ID
Column Type

Form RLIMS63A-V1.4
03050512360228

220KA| 108836

: 05106989
: 05I-0676-06

AIR

: Not Provided

PEE V/V

: [flAs Received [JDried

0523028

: TO-15

: BC/ME VO
: 5372-0

: DBE-1

[B Primary
Jconfirmation

Analyte A.ngf;;:ed MDL Result Comment | Qual. [Dilution FOL
Dichlorediflucromathane 04-MAR-05 12:34) 0.150 0.55 1 0.5
Chloromethane 0d-MAR-05 12:34 0.187 0.71 1 0.5
Freon 114 4-MAR-05 12:347 0.155 ND 0.5
vinyl chloride d=MAR=05 12:34 0.180 N 0.5
Bromomethane 4-MAR-05 12:34 0.176 WD a.5
Chiorosthane 04-KMAR-05 12:34 .24 N 0.5
Freon 11 04-MAR-05 12.34 132 0.37 3 1 0.5
cis=1,2=-Dichlorcethens O4-MAR-05 12:3 . 0938 ND 1 4.5
Carbon Disulfide 0d4-MRR-05 12:34 130 ND 1 0.5
Freon 113 04 -MAR-05 12:34 .124 D 1 0.5
Acztons 04-MAR-05 12:34 0.17% 19. 1 0.5
Mathylene Chlorids 04-MAR-05 12:34) 06,117 0.42 J 1 4.5
trans-1,2-Dichlorosthens 04-MAR-05 12:34 ] 0,100 ND 1 0.5
i,1-Dic cathane 04-MAR-05 12:34| 0.143 ND 1 0.5
Vinyl Acatatas 04-MAR-05 13:34 0,0842 ND 1 0.5
1,i-Dichlorpethene 04-MAR-05 12:34| 0.105 ND 1 0.5
2-Butancne 04-MAR-05L 22:34) 0,237 2.9 1 0.5
Chioroform 04-MAR-05 12:34 0.137% 0.21 J 1 0.5
1,1,1-Trichlorcethane O04-MaR-05 12:34 0,122 ND 1 0.5
Carbon_Tetrachloride 04 -MAR-05 13:34 0.161 ND 1 0.5
Benzens 04-MAR~05 12:34 0.083% .68 0.5
1,2-Dichlorosthane 04-MAR=-05 12-:34 0.10% ND 1 0.5
Trichlorcethens 04-MAR-05 12:3 0.10 0,21 J 0.5
1.2-Dichloropropans O4-MAR-05 12:34| 0.066%9 ND 0.5
Bromodichloromethane 04-MAR-05 12:3 0.13 ND 1 0.5
cis-1,3-bichloropropens 04 -MAR=05 12:34 0.057% ND 1 0.5
d-Methyl-Z-Pentanone 04-MAR-05_12:3 0.0747 N 1 0.5
Toluenes 04-MAR-05 13:14 0.120 22, . 0.5
trang-1,3-Dichloropropens 04-MAR-05 12:3 g.0788 ND 0.5
1,1,2-Trichlorcethane 04-MAR-00 12:34] 0.194 D 0.5
Tetrachleroethene 04-MAR-05 12:3 9,117 ND 0.5
2-Hexancne O4-MAR-05 92:34} 0.0887 2.0 1 0.5
Dibromochloromethane 04-MAR-05 12:34] 0,125 D 0.5
i,2-Dibromoethans O4-Mam-05 12:341 0.117 WD 1 0.5
Chlorobenzene 04-MAR-05 312:34] 0.118 ND 0.5
Ethylbenzene 04-MAR-05 12:34| 0.0872 i4. 1 0.5
m,p-Xylsne 04-MAR-056 13:141 0.215 67. 2 1.0
oc=-Xylane 04-MAR-DS 13:14§ 0,103 34. 2 0.5
Stvreng Od4-MaR-05 12:345 0.0625 0.48 J 1 0.5
Bromoform 04-MAR-05 12:34 g.118 ND 1 0.5
1.1,2 2-Tetrachloroethane DA—M__AR—DS 12:34 0.140 HD 1 0.5

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (801} 266-7700
FAX (BO1} 268-99%2
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FORM A (TYPE I)

Form RLIMS63A-V1.4
STNGLE METHOD ANALYSES

03070512592414

]

SAMPLE ANALYSIS DATA SHEET

DATA
C

L ORAT
A Sorenson

LA SO51W01Z

5]
Company

: 07-MAR-D5 12:59
- Montana Tech

: B5T06989
: 051-0676-06

Dats Printad
Client Name

DeL Sample Name . .
DCL Report Group

2nalytical Results

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Web Page: www.datachem.com
BE-mail: lab@datachem.com

Phone (801) 266-7700
FRX (801)

268-9992
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Data
Analytes Analyzed HMDL Result | Comment | Qual. |Diluticon POL
Benzyl Chloridas 04-MAR-05 12:34 0.0856 D 1 0.
4-Ethvl teluene 04-MAR-05 13:34 0.0888 0.28 i 1 0.
1,3, 5-Trimethylbenzene 04-MAR-05 12:34| 0.0892 15. 0.
1,2, 4-Trimethylbanzene 04-MAR-05 13:14| 00,0756 G4 . E 0.
1,3-Dichlorgbenzens 04-MAR-05 12:34 0.133 D 0.
1,4-Dichlorobenzens 04-MAR-05 12:341 0.133 0.21 J 1 0.5
i,2-Dichlorobenzena 0g-MAR=-05 12:34 0.1407 D i 0.5
1,2, 4-Trichloerchenzens 04-MAR-05 12:34 0.14% D 1 0.5
Hexachlorobutadiens 4-MAR-05 12:34( 0.232 D 1 0.5
Methyl t-Butyl Sthexr 4-MAR-05 12:341 0.111 D 1 0.5
Total Petrolsum Hydrocarbons 4-MAR-D05 12:34 220 J 1
Tentatively Identified Compound Results

Date R

Analyte{Betention Time} Inalyzed Result Comment Qual. [RDilution
Propena{(4.50) Q4-MAR-05 12:34 1.0 1
Acetaldehyde(d. 88} 0d4-MAR-05 12:34 2.2 5] 1
Ethanol (5.65} 04 -MAR-05 12:34d 21. 1
Isopropyl Alcchol (6.20) 04-MAR-05 12:34 160 o 1
Hexans{B8.52) 04-MAR-05 13:34 0.47 1
Ethyl Acetate(8.61) Od4-MAR-05 12:34 0.42 1
| Heptan=(10.86) 04-MAR-05 12:34 0.65 i
Hexans, 2,2 6-trimethyl-(12.98}) 04-MAR-05 12:34 3.1 J 1
Acetic acid, butyl ester(l13 .23} Q4-MAR-05 12:34 2.2 g ]
Z-Hexancne, S-methyl-(14.83) 04-MAR-05 12:34 2 J 1
Benzene, (l-methylethyl}-(15.78} U4-MAR-05 12:34 2. J 1
Benzene, 1.3,5-trimethyl-{16.61} 04-MAR-06 12:34 33, J 1
Benzene, 1-ethyl-Z-methyl-(16.84) U4-MAR-05 12:34 17, J 1
Indans(17. 92} 04-MAR-05 12;34 7.1 g 1
Benzene, l-methyl-3-propyl-{18.11} 04-MAR-05 12:34 20, o 1
Benzene, d4-ethyl-1,2-dimethyl-{18.20]) 04-MAR-05 12:34 21, J 1
Benzenge, l-methyl-d-propyl-{18.42) O4-MAR-05 12:34 5.5 J 1
Bengene, Z-ethyl-1,4-dimethyl-{18.56] Q4-MAR-05 12:34 i4. J 1
Benzens, 2-ethvl-1, 3-dimethyl-({18.71] D4-MAR-05 12:34 id. J 1
Benzens, l-ethyl-3 3-dimethyl-(19.10} Od=MAR=-05 13:34 3.3 J 1
Benzene, 1,24, 5-tetramethyl-{1%.28) 04-MAR-05 12:34 5.4 g 1
Egnzenae, 1,2,2, 5-tetramethyl-{15.35) 0d-MAR-05 12:34 12. J 1
Indana, 2,3-dihydro-d-methyl-{19.59 O4-MAR-05 12:34 3.8 g 1
Benzens, {(1,2,2-trimethylpropy(19.78) Od-MAR-05 12:34 2.3 J 1
Banzene, 2-ethenyl-1 4-dimethy{19.8%) O0d-MAR-05 12: 10. J
Eenzens, 1, 3-diecthyl-S5-mechyl-{20.05) O4-MAR-05 12 2.1 J i
[Maphthalene (20 d6) 04-MAR-05 12 : 16. T
Benzens, pentamethyl-(20.55) O4-MAR-05 12: 2.2 J 1



LABORA
A Sorenson
Date Printed

Client Name .
client Ref Mumber
Samppling Site
Release MNumber

Date Received

ORI ES
Company

: 05-MAR-05 12:36

: Mentana Tech
: Mot Provided
: Not Provided
1 Not Provided

: 25-FEB-05 00:00

PrL Preparation Group: Mot Applicable

Date Prepared
Preparation Hethod

: Mot Applicable
: Hot hpplicable

Aliguot Weight/Velume: 200 mL

Net Weight/Volume

Analytical Results

: Not Required

FORM A (TYPE I)
SINGLE METHOD ANALYSES

Client Sample MName:
: DBI06950

SAMPLE ANALYSIS DATA SHEET

DCL Sample Name
DCL Report Group

Matrix

Date Sampled

Reporting Units
Report Basis

DCL Analysis Group:
P To=15

Analysis Method
Instrument Type

Instrument ID

Column Typse

Form RLIMS63A-vi.4
03050512360228
Page 9

S5051W020

220R| 108964

: 051-0676-06

1 RIR

: Mot Provided

: PFB V/V

: (A= Beceived [[Dried

G0523028

s BOAME VO
: 5872-0
s DB-~1

R Primacy
O confirmation

Data

Analyte Analvied ML Besult Comment | Qual. |Dilution POL
fichlorediflucromethans 04-MAR-05 13:51) 0.150 ND 0.5
Chloromethane Q4-MAR-05 13:51 0.18% 0.58 0.5
Freon 11d 0d4-MAR-05 13:51 | 0.155 D 0.5
Winyl Chloride 04-MAR-05 13:51 0.180 MND 0.5
Bromomethane 04=-MAR-05 13:51| 0.176 NI 1 0.5
Chioroethane 04-MAR-05 13:51| 0.245 ND 1 Q9.5
Freon 11 04-MAR-05 13:51| 0.132 .20 o 1 0.5
cis-1,2-Dichlorcethene D4-MAR-05 13:51] 0.093E ND 1 0.5
Carbon Disulfide 04~-MAR-05 13:51 0.1340 0.22 o 1 0.5
Fregonm 113 O4-MAR-05 13:51 G.124 WD 1 0.5
Acetons O4-MAR-05 13:51) 0.178 11, i 0.5
Methylene Chloride 04-MAR-05 13:51 0.117 0.32 ) 1 0.5
trans-1,2-Dichloroathena O4-MAR-05 13:51 0.100 ND 1 0.5
1.1-Dichlerosthane 04-MAR-05 13:51 0.143 Np i 0.5
Vinyl Acetate 04-MAR-05 13:51 0.0642 HD 1 a.5
1,1-Dichloreethane A-MAR-05 13:511 0.108 WD 1 0.5
Z-Butanons 4-MBR-0 3:51 0.237 2.1 1 0.5
Chloroform 4-MAR-0 3:5 0.127 .16 J 1 0.5
1,1,1-Trichloroesthane 04-MAR-05 13:5 0,122 o] 1 0.5
Carbon Tetrachloride 04-MAR-05 33:5 6.16 ND 1 0.5
Benzens 04-MAR-05 33:51 0.0933 1.0 1 0.5
1,2-Dichloroethane 04-MAR-05 13:51 0.10 ND 1 0.5
Trichloroethene D4-MAR-05 13:5 0.1 0.18 J 1 0.5
1,2-Dichloropropane 04-MAR-05 13:51 | 0,066% juis] 1 0.5
Bremodichloromethans 04-MAR-05 13:51} 0.1 Jije] 1 0.5
cis-1,3-Dichloropropens 04-MAR-05 13:51 | 0.0379 nNp 1 0.5
d-HMethyl-2-FPentanons 04-MAR-05 13:51 0.0747 HD 1 0.5
Toluana O4-MAR-0O5 13:51 G.120 1.9 1 0.5
trans-1,3-Dichloropropene 04-MAR-05 13:51! 0.07BB8 NI 1 0.5
1,1,2-Trichloroethans G4-MAR-G5 13:511 0.174 piin] 1 0.5
Tetrachlersethene 04-MAR-05 13:51 G.117 ND 1 9.5
2 -Hexanone 04-MAR-05 13:51 0.0887 WD 1 0.5
Dibremochloromathans 04-MAR-05 13:51| 0.125 ND 1 0.

i, 2-Dibromoethana 04-MAR-05 13:51 0.117 ND 1 0.5
Chlorobenzene Od-MAR-05 13:511 0.118 i3] 1 0.5
Ethylkenzens 04-MAR-05 13:511 0.0872 G.50 1 0.5
m, p-Xylens 04-MAR D5 13:51] 0.215 2.3 1 1.0
o=fviens 04-MAR~06 13:51 0.103 0.72 1 0.5
Styrene 04-MAR-05 13:51 D.0625 0.22 g 1 0.5
Bromoform 04 -MAR-056 313:51 0.11% jijs] 1 0.5
1,1,2,2-Tetrachleroethans 04-MAR-05 13:51 0.140 D 1 0.5

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Web Page: www.datachem.com

Phone (801} 266-7700
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DATASE

i ABORATORIES
A Sorenson Company

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

Form RLIMSA3A-V1.4
(3050512360228

S051W020

Date Printed : U5-MAR-O5 12:36 DCL Sample Nama : 05106990
Client Nama r Mentapna Tech DCL Report Group @ 05I-0676-06
Analytical Results

Date
_;A_rtelyte Analyzed MDL Result Comment QLLaJ.. Dilution POL
Banzy] Chloride d-MAR-05 13:51 | 0.0856 D 0.5
4-Ethyl toluene 4-MAR-05 13:5 0.0888 .20 J 0.5
i S-Trimethvibenzens 4-MAR-05 13: 0.0532 .19 J 3 0.5
1,2,4-Trimethyvlbenzene 4-MAR-05 135 0.0756 .43 J 0.5
1,3-Dichlorchenzene 4-MBR-05 13:5 0.133 HD i G.5
1,4-Dichlorchenzens 4 -MAR-05 13:6 0.133 0.16 J 1 0.5
1,2-Dichlorochenzene 4-MAR-05 13:5 0.107 hiin] 1 0.
1,2, 4-Trichlorobenzens 04-MAR-05 13:511 0.149 ND 1 0.
Hexachlorobutadiene 04-MAR-05 13:5i 0.332 ND 1 Q.
Methyl t-Butyl Ether 04-MAR-05 13:53 | 0,111 KD 1 0.5
Total Petroleuwn Hydrocarkons 04-MAR-05 13:51 17, J 1
Tentatively Identified Compound Results

Date

|Analyte (Retention Time) Analyzed Result | Comment | Qual. |Dilution
Propens (4.49) 04-MAR-05 13:51 11.
Acetaldehvde (4.83) 04-MAR-05 13:51 2.8 g i
Butane {5, 08} 04-MAR-05 13:51 4.0 J
Ethanol (5.68) O4-MAR-05 13:51 37, B i
Isgpropyl Alcohol (6.30) 04-MAR-05 13:51 24. 2 1
Ethyl Acetate{8.33} O4-MAR-05 13:51 0.62 1
Hexane {8 .51} O4-MAR-05 13:511- 0.73 1
Heptane (10,561 O4-MAR-05 13:51 0.50 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547

Phone (BOL1} 266-7700
FAX (BO1) 268-9992

Web Page: www.datachem.com

E-mail:
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]

DATA

LABCRATORIE
A Sorenson Compa

=27

¥

Date Printed

client Hame
Client Ref Number
Sampling Site
Release Number

Date Received

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

: B5-MAR=-05 12:36

: Montana Tech
: Mot Provided
: Mot Provided
: Not Provided

¢ 25-FEBR-05 00:00

Client Sample Name:

DCL Sample Name
DCL Report Sroup

Matrix

Date Sampled
Reporcing Units
Report Basis

Form RLIMS63AR-V1.4
03050512360228

222KA| 108966
: 05106991
: 05I-0676-06

: ATR
: Mot Provided
¢ FPB WSV
: Bas Received [(Dried

DCL Preparation Group: Not hpplicable DCL Analysis Group: GOB23028
Date Prepared : Not Applicable Analysis Method 1 TD-15
Preparation Method : Hot Applicable Instrument Type 1 GC/MS VO
Aliguet Weight/Volume: 200 mL Instrument ID . 1 5872-0
MNat Weight/Velume . Mot Reguired Column Type : DB-1

B Primary

[fconfirmation
Enalytical Results

Date

Analyte hnalyzed MDL Result Comment | gual. |Rilution FOL
Dichlorodifluoromethane 04-MAR-05 14:28] 0.150 N 1 0.5
Chloromethane 04-MAR-05 14:28| 0.1B7 ND 1 0.5
Freon 114 04~MAR=05 1d4:2 0.185 ND 1 0.5
vinyl Chloride 04-MaR-05 14:2 0.180 ND 1 0.5
Bromomethane 04~MAR-0G 14:2 0.176 ND 1 0.5
Chlorcethane 04-MAR-05 14:2 0.24% ND -5
Frecn 11 04-MAR~05 14:2 0,132 WD .5
cis-1,2-Dichloroethens Od-MAR-05 14:3 0.0538 ND -5
Carbon Disulfide O4-MAR-05 14:3 6.130 ND 0.5
Freon 113 04-MAR-05 1d4:2 0.124 NI 0.5
Acetone O4-MaR-05 34:2 0.17% 1.2 0.5
Hathvlens Chioride 04-MAR-05 14:28 0.117 HD L 0.5
trans-1,2-Dichleroethens Od-MAR-05 14:28 0.100 HND 0.5
1, 1-Dichloroethane 04-MAR-05 14:28 0.143 KD 0.5
Vinyl Acetate O4-MAR-05 14:28 0.0842 HD i 0.5
1,1-Dichlorosthene O4-MAR-05 14:28| 0,10% KD 1 0.5
Z-Butancns O4~MAR-05 14:28 0.237 KD i 0.5
Chlorefoerm U4-MAR-05 14:28B| 0.127 KD 1 0.5
1,1,1-Trichlorosthans O4-MAR-05 14:28| 0.122 KD ] 0.5
Carbon Tetrachloride 04-MAR-05 14:28 ) 0.161 HD i 0.5
| Benzans 04-MAR~D5 14:28 0.0838% KD L 0.5
1,2-Dichloroethane 04-MAR-05 14:28] 0.101 ND i 0.5
Trichlorcethene Cd-~MAR-05 14:28 G.109 KD 1 0.5
1, 2-Dichloropropens 04-MAR-05 14:28] 0.0663 ND i 0.5
Bromodichloromethans O04-MAR-~05 14:28| 0.138 ND 1 0.5
cis-1,3-Dichloropronene Od-MAR-05 14:2 0.0979 KD 1 0.5
4-Methyl-2 -Pentancne Od-MhuR~05 14:281 0.0747 KD 1 0.5
Tolusne O4-MAR-05 14:2 0.1249 ND 1 0.5
trans-1,3-Dichloropropene O4-MAR-05 1d4:2 0.0788 WD 1 0.5
1,1,2-Trichloroethans 04-MAR-05 14:2 0.174 HD 1 0.8
Tetrachleroethene 04-MRR-05 14:2 0.117 ND_ 1 0.5
2-Hexancne 04-MAR-D5 14:2 G.0887 ND i 0.5
Dibremechlercmethane 04-MAR-05 14:281 0.125 ND 1 0.
1,2-Dibremoethane G4-MAR-D5 14:2B| 0.117 ND 0.
Chlorobenzens UA-MAR-DS 14:2B) 0.138 ND L 0.5
Ethvlbenzene G4-MrR-05 14:281 0.0872 ND 0.5
m,p-Aylene 04-MAR~05 14:28) 0.215 ND L 1.0
o-Xylang C4-MAR-05 14:287 0.102 ND 1 0.5
SLyrene O4-MAR-05 14:28 0.9625 HD 1 0.5
Eromoform C4-MAR-05 14:281 0,118 ND i 0.5
1.1,2 2-Tetrachlorocathane C4-MAR-DE 14:28 0.140 D i 0.5
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Phone

(801) 266-7700
FAX (BOl) 268-9992

E-mail:

245

labldatachem. com




il

DATA

FORM A (TYPE I)
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

Form RLIMSE3A-V1.4
03050512360228

LABORATORI ES
A Sorenson Company 20N51W021
Date PFrinted : 15-MAR-05 12:36 DCL Sample MName : O5L06951
Client Nama : Montana Tech DCL Report Group : 05I-0676-06
Analytical Results
Date ) .
Analyte Analyzed MDL Result | Comment | Qual. |Diluticn POL
Benzyl chloride 0d~MAR-05 14:2 0856 D i 0.5
4-Ethyl toluene 04-MAR-DS 14:2 0888 1D i 0.5
i,3,5-Trimechylbenzene 0d-MAR-05 14:2 0592 D 1 0.5
1,2, 4-Trimethylbenzens 04-MAR-05 14:2 0756 NP 3 0.5
1.3-Dichlorobenzena G4-MAR-05 14:28 133 hiia} 1 0.5
1,4-Dichlcrobenzene 04-MAR-05 14:28 .133 N 3 0.5
1,2-Dichlorohenzens 04-MAR-05_14:28 L107 N 1 0.5
1,2, 4-Trichlecrcbenzene 04-MAR-05 14:28| 0.149 D 1 0.5
Hexachlorcbutadiene G4-MAR-05 14:28 0.232 D 1 0.5
Methyl t-Butv] Ether 04-MAR-05 14:28] 0.111 ND 1 0.5
Total Petrolsum Hydrocarbons D4-MAR-05 14:28 .43 J 1
Tentatively Tdentified Compound Results
Date i N
Analvte (Retention Time) Analyzed Result Comment | Qual. [Dilution

Isopropyvl Alcohol (6.29)

04_MAR-0S 14:28| 6.1

1
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il

DATA

L AT
T

A RIEG
A Sorenso

s]
Company

Datae Printed

Client Nams
Client Ref Numbar
Sampling Site
Release Humber

Date Recsived

DCL Preparation Group:
Pate Prepared

Praparation Hethod
Elicueot Weight/Volume:
Het Weight/Velume

Analytical Results

: 05-MAR-05 12:36

: Montana Tech
: Mot Provided
i Mot Provided
: Mot Provided

: 25-FEB-05 00:00

Mot Applicable
: Mot Applicable
: ot Bpplicable
200 mL

: Mot Reguired

FORM A (TYPE I}
SINGLE METHOD ANALYSES

SAMPLE ANALYSIS DATA SHEET

Matrix.

Date Sampled

Reparting Units
Report Basis

Instrument
Column Type

D

Client Sample Nams:
DCL Sample Nama
DCL Report Group

Form RLIMSRIR-V].4
03050512360228
Page 13

5051W022

222AT|108768

: 0506992
+ D5I-0676-08

:+ BIR
: Mot Provided

: PRB VIV

: @As Received [JDried

DL Analysis Group:
Znalysis Method
Inztrument Type

GO523028

: T0-15
: GO/MS VO

: 5872-0
: DB~1

Primary
Clconfirmation

Date
Analyte Inalyaed MDL Result | Comment | Qual.iDiluticn POL
Dichlorodiflucromethane 4-MmR-05 15:05| 0.15 ND 1 6.5
Chloromethane 4-MAR-05 15:05 | 0,187 jiie) 1 0.5
Freon 114 4-MAR-05 15:05) 0.155 D 1 0.5
Vinyl Chloride 4-MAR-05 15:05 1 0,180 D 1 0.5
Bromomethane 4-MAR-05 15:051 0.176 ND i 0.5
Chloroethane 4-MBR-05 15:05| 0.243 jiiv] 1 0.5
Freon 11 04-Mar-05 15:05| 0,132 HND i 0.5
cis-1,2-Dichlorocethens 04-MAR-05 15:05| 0,0938 HD i 0.5
Carbon Disulfide 04-MaR-05 15:05) ©0.130 D 1 a.5
Freeon 113 04-MAR-05 15:05| 0,124 D 1 0.5
Acetona 04-MAR-05 15:05 ) 0.178 1.3 1 a.5
Methylene Chlerids 04-MAR-05 15:05| 0.117 jis] 1 0.5
trans-1 2-Dichleoresthene 04-MAR-0% 15:0%; 0.100 ND 1 0.5
1,1-Bichloroethana 04-MAR-05 15:05} 0.143 ND 1 0.5
vinyl hcetate G4 -MAR-05 15:05]| 0.0642 ND 0.5
i, 1l-bBichlorosthene 04-MAR-05 15:05]| 0.105 D 0.5
2-Butanens 04-MAR-05 15:05 | ©.237 HND 0.5
Chloroferm 0d-MAR-DS5 15:05( 0.127 HD 1 0.5
1,1,1-Trichloroethane 0d-MAR-05 15:05 | 0.122 ND 1 0.5
Carbon Tetrachloride 04-MAR-05 15:05| 0.161 HND 0.5
Benzene 04-MAR-05 15:05| ©0,0933% ND 0.5
1,2-Dichlorosthane 04-MAR-05 15:05( 0.10 ND 0.5
Trichlercethene 04-MAR-05 15:05| 0.10 ND 0.5
1,2-Dichloropropans 04-MAR-05 15:05 ) 0.066% ND 0.5
Bromodichloromethane 04-MAR-05 15:05] 0.13 WD 0.5
cis-1,3-Dichleoropropens D4-MAR-05 15:05 ) 0.057% D .5
4-Methyl-2-Pentanone 04-MAR-05 15:05| 0.0747 ND .5
Toluens U4-MAR-05 15:05| 0.120 ND .5
trans-1,3-Dichlcropropens 04-MAR-06 15:06} 0.0788 ND 1 0.5
1,1,.2-Trichlorosthans 04-MAR-05 15:05) 0.174 ] 1 0.5
Tetrachlorocethene 04-MAR-05 15:05| 0,117 ND 0.5
2-Hexanone 04-HMAR-05 15:05) 0,0887 D L Q.5
Dibremochloromethane 04-MAR-05 15:05§ 0,125 ND 0.5
1,3-Dibremeethans 04-MAR-05 15:05| 0,117 ND 1 0.5
Chlorobenzensa O04-MAR-05 15:05| 0.118 ND 1 0.5
Ethylbenzens O4-MAR-05 15:05) §.0872 jin) i 0.5
m, p-Xylene O4-MAR-G5 15:05| 0.21%5 ND 1 1.0
o-Xylene Od-MaR-0G5 15:05] 0.163 KD 1 0.5
Styrens 04-~MAR~05 15:05] 0.0625 WD 1 0.5
Bromofomm 04-MAR-05 15:065) 0.118 hin] 1 0.5
1,1,2,2-Tetrachlorcethane U4-MAR-05 165:05] 0.140 KD 1 0.5
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== FORM A (TYPE I)
== Foxm RLIMS6IA-V1.4
DATAm SINGLE METHOD ANALYSES 03050512360228

Page 14
SAMPLE ANALYSTS DATA SHEET AR

I ABORATORI ES HIEIEELI A

B Sorenson Company 505
Date Printed ; US-MAR-06 12:36 OCL Sampla Mame : 0BI06952
client Mames : Hontana Tech DCL Report Group @ 06T-0676-06
Analytical Results

Date

Analyta Analyzed MDL Result | Comment | Qual, Dilutien POL
Beneyl Chloride 04-MRR-05 15:05| 0.0856 HD 1 0.5
4-Ethyl toluens 04-MAR-05 15:0 0.0888 LD L 0.5
1.3,5-Primsthylkenzens 04-MAR-05 15:0 0.0592 D 1 6.5
1.2, 4-Trimethylbenzene 04-MAR-05 15:0 0.0758 ND L 0.5
1,3-Dichloxobenzense U4-MAR-05 15:0 0.133 D 1 0.5
1.4-Dichlorohenzens 04-MAR-05 15:0 0.133 i) L 0.5
1,2-Dichlorchenzens 04-MAR-05 15:0 0.187 o] 1 0.5
1.2, 4-Trichlorobenzens €4-MRR-05 35:05] 0.149 KD 1 0.5
Hexachlorobutadiene O4-MAR-05 15:05 | 0,233 ND i 0.5
Methyl t-Butyl Bther 04-MAR-05 15:05| 0.1311 ND 1 0.5
Total Perroleum Hydrocarbons 04 -MBR-05 15:05 join] 1

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (801) 266-7700 Web Page: www.datachem.com
FAX (801} 268-53992 E-mail: lab@datachem.com
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FORM J (TYPE I)

—
—_— SINGLE METHOD ANALYSES Form RLIMS63J-V1.4
DA I Aﬁ 03050512360228
. QUALITY CONTROL DATA SHEET Page 15
CH LABORATORY CONTROL SAMPLE (LCS) W
H:
B Ao Company LABORATORY CONTROL DUPL (LCD) $052101V
DCL Sample Hame. . QC-229040-1
Clisnt Mame. r Montana Tech Datae Printed . : 05-MAR~05 12:36
Release Number ; Mot Provided
DCL Analysis Group: 60523028
Hatrisx - RIR Analysis Method : TOl5
Reparting Units : ppb viv Instrument Type : BGC/ME YO
Instrument ID. : 5372-0
Column Type : DE-1
L Preparation Group: Hot Applicable [ Primary
Date Preparad : Mot Appliecable Ccoenfirmation
Preparation Method : Hot Applicable
QC Limit Tyvpe : Method
Analytical Results
Date PRrCcent Qc S
Analyte Analvzad Target Result Hacovery Limits Flag
Vinyl Chleoride 04 -MAR-05 09:17 1¢.0 B.52 B5.2 70.0/130,
cis-1,2-Dichlorcethene 04-MAR-05 09:17 10.0 8.68 £6.8 70.0/130.
Methvlsne Chioride |D-! ~MAR-05 09:17 1.0 8.91 839.1 70.0/1340,
trans-1,2-Dichlorcethens 04-MAR-05 09:17 1.0 8,71 87.1 70.0/130.
1,1-Dichloroethans 09:17 1¢.0 8.87 88.7 70.0/130,
1,1-Dichlorcethena 09:17 10.0 8.85 £9.5 70.0/130,
Chloxoform 05:17] 10.0 8.686 86,6 70.0/130,
1 i-Tric thane 09:17 10.0 8.49 4.9 10.0/130,
Carbon Tetrachloride 09:17 10.0 3.42 84.2 70,.0/130,
Benzene 0%:17 106.0 .58 85.8 70.0/130.
1,2-bichlorcethane 05:17 10.0 8. 80 89.0 70.0/130,
Trichlorosthens 09:17 10.0 B.38 £3.8 70.0/130.
1,2-Dichloropropana 04-MAR=-05 0%:17 10.0 B.65 86.5 70.0/130,
Toluene 04 ~MAR- D5 217 10.0 8.52 86.2 70.0/130.
trans-1,3-Dichloropropans 04 -MAR-05 117 10.0 B.3 3.6 T4, 07130,
1,1, 2-Trichlorcethans 04 -MRR-05 :17 ] .4 4.5 70.0/130.
Tatrachloroethene 04-MAR-05 0%:17 10. 0 .5 5.2 70.0/135
1,2-Dibromoethane D4-MAR-05 (8:17 10, 0 ] 3.7 70.0/130.
Ethylbenzene D4 -MAR-05 09:17 10.0 .47 4.7 70.0/130.
m,p-Xylene 04-MAR-05 0%:17 20.0 16.6 2.8 J0.0/3130.
o-Xviene 04-MAR-05 09:17 10.0 8.44 4.4 70.0/130,
Styrens U4 -MAR-05 0%:17 i06.0 B.35 3.5 70.0/130.
1,1.2,2-Tetrachlorcethane 04 -MAR-05 05:17] 10.0 B.3% 3.6 70.0/130,
Ethanol 04-MAR-05 09:17 10.0 7.80 79.0 70.0/3130.
DCL Sample MName ; QD-229040-1
Analytical Results
Date Duplicate| Percent QU C
Analyte Analyzed esult | Recovery | Mean Range | RPD Limits Flag
Vinyl Chloride Dd-MBR-05 0%:5% 8.61 86.1 .5 0.0930| 1.1 0.00/25.0
cis-1,2-Dichloroethans 4-MAR-05 0%:5 g BS. 8 .63 0.308 3.8 0.00/25.0
Methylene Chlorids 4-MBR-05 0%:5 ) 3.2 .91 0.0110|0.12 0.00/25.0
trans-1,2-Dichlorgethene io&»ma- 05 0%:5 .94 B8.4 L83 0.231 .6 0.00/25.0
1, 1-Dichlerogthane 4-MBR-065 0%:5 L1 1.7 3. 02 .298 -3 0.00/25.0
1, 1-Dichloroethene 4-MAR-05 0%:5% .22 2.2 s .277 3.0 0.00/25.0
Chloreform 4-MAR-05 09:50 B.91 4.1 -7 (254 2.9 0.00/25.0
1,1.1-Trichloroechane 04 -MAR-05 (9:5% 8.73 87.3 .61 0.242 2.8 0.00/25.0
Carbon Tetrachloride 04-MAR-05 09:5% 9.66 B86.6 .54 0,236 2.8 0.00/25.0
Banzena 04-MAR-05 09:59 8,87 BE_ 7 i 0,391 3.3 0.00/25.0
1, 2-Dichlersethans [04-MAR-05 09:5% 9.03 30.3 . 97 0,123 1.4 0.00/25.0
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone {801} 266-7700 Web Page: www.datachem.com
FRX {801} 268-%992 E-mail: labBdatachem. com
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FORM J (TYPE I}

— SINGLE METHOD ANAUYSES Form RLIMS&3J-V1.4
DATA“—-—_-- 03050512360228
. QUALITY CONTROL DATA SHEET Page 16

LABORATORY CONTROL SAMPLE (1.CS) NI
A AE SRR Ciany LABORATORY CONTROL DUPL (LCD) §052101%
DCL sample Mame : OD-229040-1
Client Namsa : Montana Tech Date Printed : 05-MAR-05 12:36
Analytical Results
Date Duplicate| Percent S %C
Znalyte hnalyzed esult RBecovery | Mean | Range | RPD Limits Flag
Trichloroethens 04 -MAR-05 9:59 8.62 86.2 B.50 0.245 2.9 G.00/25.0
1,2-Dichloropropans 04-MaR-05 08:55 8.83 88.3 8.74 0.175 2.0 0.00/25.0
Tolusne 04-MAR-05 05:59 8.70 87.0 B.61 0.188 2.2 0.00/25.0
trans-1,3-Dichloropropens 04-MAR-05 09:59 g2.60 86.8 8,52 0.317 3.7 9.00/25.0
1.1, 2-Trichloroethane 04-MAR-05 09:59 8.65 86.5 8,55 0.197 2.3 0.00/25.0
Tetrachloroethene D4-MAR-05 08:59 8.72 87.2 8.62 0.193 2.2 9.00/25.0
1.2-Dibromoethane 04-MAR-05 09:59 8.54 85.4 8,45 0.169 2.0 0.00725.0
Ethylbsnzene 04-MAR-05 D0:59 8.1 BE.1 2.64 09.3383 3. 0.00/25.0
m,p-iylena 04-MAR-05 089:59 17.3 86.5 16.9 0.738 4.4 0.00/25%.0
o-Xylens 04-MAR-05 09:59 8.74 B7.4 g.5% 0.305 3. 0.00/25.0
Styrene 04d-MAH-05 089.59 8.69 85.9 8.52 0.335 3.9 0.00/25.0
1,1.2,2-Tetrachioroathans 04-MAR-05 09:59 B.68 B86.8 8.52 0.320 3.8 0.06/25. 0
Ethanol D4-MAR-05 03:59 B.47 B4.7 8.18 0.565 5.4 D.00/25. 0

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Phone (B01) 266-7700 Web Page: www.datachem.com
FAX (B01) 268-9992 E-mail: lab@datachem.com
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DATAS
D

L

Clisnt Hame

Helease Mumber

Matrix

Raporting Units

ABORAT
A Sorens

FORM G {TYPE I)
SINGLE METHOD ANALYSES

QUALITY CONTROL DATA SHEET

& SURROGATE SUMMARY

Rl
on Company

: Montana Tech
: Nob Provided

+ AIR

L ppb viv

Date Printed

DCL Analysis Group:
Analysis Methed. .

DCL Prep Group
Preparation Method:

Form RLIMS63G-v1.4
03050512360228
Page 17

: 05-MAR-0% 12:38

GO523028

: TO1h

i Not Applicable

Not Applicable

0C Limit Type . Method

Surrogate Recoveries

Surry, ID 4-Bromoflucrobenzene
o0 Limits ] 8507195
DUL Sample Inalyte | opiked (] Inalvte | Spiked T Inalyte | Opiked T
Numbe 1 Rasult Amcunt Rec. |0l Result Amount Rec. |0 Result Amount Rec. |Q
0SI06987 19.2 20.0 96.0

OSI0D698E 1%.5 20.0 7.7

DEEER] 1%.5 20.0 87.3

5106390 N 20.0 §2.0

SI0692] . 20.0 7.2

SI06552 . 20.0 6.4

BL=223040=1 18.8 20.0 o1
Ge-229040-3 12.4 20.0 37,1
QD-229040-1 1%.9 20.0 39 .3

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547
Web Page: www.datachem.com

Phone (801} 266-7700
FAYX (B01) 268-9992

E-mail: lah@datachem.com
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I

DATA

CHEM

“aEme———d~ | ABORATORIES, INC.

S
—

2. Date ZMPumhase Order No.

t?\Tﬁh&Tét A

ANALYTICAL REQUEST FORM
st ust oG

1. [[] REGULAR Status

[} RusH Status Requested - ADDITIONAL CHARGE
RESULTS REQUIRED BY

DATE

CONTACT DATACHEM LABS PRIOR TO SENDING SAMPLES

4. Quote No.

3. C Name i) DCL Project Manager

Add }30’0 W g 1.*06.‘— IV §7 5. Collest
-’?"’ #l’ S T—H 3/-5 20/ Sampling Site

Parson 1o Contact T Crﬂ# v Industrial Process
Talephone (H8d ) ¥ 6 UMy 5 Date of Collection
Fax Telephone (fjof)_ YL 4 €6 C Time Collected
E-mall Address f {}0 gar G e j‘c-f- L\ ' e‘é{"‘ Date of Shipment
Billing Address (if different from above) Chain of Custody No

6. REQUEST FOR ANALYSES
R T

2o

3 Client Sample Number Malrin” Sample Volume ANALYSES REQUESTED - Use melhod number i kaown| Unils*
LA o Juncan £PA retlar) TC 16+ T PM YBDRT
Q‘q.@!'ﬂ . 10w " e o no N T
230 fAF | n P - o Sqze

a;o K.‘ IR 13 I [ Vo T /Sg{r"({
222 KAl o TECE QT 7
nao Al v v non : - IR

Specify: Solid sorbent tube, e g Chatcoal; Filter type; Impinger solution; Bulk sample; Blood; Urine; Tissue; Soil; Water; Other

4 uglsemple 2.mg/m® A ppm 4% 6 {other) Please indicale one o more units in the column entitied Unils™
Comments \N

Possible Contamination and/cr Chemical Hazards

7. Chain of Custody (Optional)

Relinquished by Date/Time

Feceived by et P botertime &/ 25

Relinguished by At = Date/Time vz

Received by Date/Time

Felinguished by Date/Time

F d by Date/Time

960 West LeVoy Drive / Salt Lake City, UT 84123
DATACHEM LABORATORIES, INC.

800-356-9135 or 801-266-7700 / FAX: 801-268-9382
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Figure 1: Yellowstone National Park
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Area sample in kiosk A at the West Entrance.

116 G----------
116 SM ------- Personal sample worn by a Park Ranger operating 2003 BAT
Polaris Frontier Touring snowmobile. The Ranger started at the
West Entrance and drove to the warming hut at Madison. The
Ranger then drove to Old Faithful before his return trip to the West
Entrance. On the return trip the Ranger stopped at the warming
hut in Madison.
117 G---------- Area sample in kiosk A at the West Entrance.
MC27 --------- Personal sample collected from a mechanic at the Mammoth
maintenance shop.
219KA -------- Area sample in kiosk A at the West Entrance.
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2190B -------- Area sample collected in the West Entrance office.

220KA -------- Area sample in kiosk A at the West Entrance.

220R----------- Personal sample worn by a law enforcement ranger operating a
2004 BAT Arctic Cat T660 Touring snowmobile. The Law
Enforcement Ranger started the work shift at Old Faithful and over
the course of her 8 hour workday she throughout most of the area

around Old Faithful.

220KA -------- Area sample in kiosk A at the West Entrance.

222A1 --------- Area sample collected near the air intake to the kiosk ventilation
system

Figure 2. West Entrance Ventilation System

1 — Ventilation intake is located 115 feet east of the ventilation section number 1 is
pointing to. The control mini-can sample was taken 10 feet from the intake,
approximately 105 feet from location number 1. The ventilation intake consists of a 24
inch diameter plastic pipe. The end of the intake is the shape of a horsehead and is
covered with a wire mesh grid to preventing large objects from entering.

2 — The area that is lit up underneath 2 is the West Entrance office. Mini-can sample

2190B was taken inside the office. This section is not connected to the ventilation
system that supplies air to the kiosks.
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Figure 3. Kiosk A at the West Entrance

1 — Area samples were taken right behind where the arrows from 1 are pointing. The area
samples were positioned so that when the window was opened the sampling media was
within the breathing zone of the employee.

2 — Duct providing air to the kiosk. The ventilation system maintains a positive pressure
in the kiosks.
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	Rocky Mountains Cooperative Ecosystem Studies Unit (RM-CESU)
	Thermo-Electron® (MIE) DataRAM™
	Table 3. Number of West Entrance Entries by Date
	Figure 1. Snowmobile and Snow Coach Entries on 2/19/05

	I. Particle Count Data 
	As can be seen in Figures 4, 5, and 8, the highest ambient particle concentrations monitored at the entrance station kiosks appear to correspond with the periods of peak snowmobile and snow coach traffic entering the park (midmorning).  The same appears to be true for the ambient particle concentrations measured at the Madison Warming Hut on 2/19/05, with peak concentrations occurring during periods when many snowmobile and snow coach riders frequent the facility.  It is important to note that on February 20th and 21st, 2005 ambient PM2.5 particle concentrations were consistently lower at the entrance kiosks.  During these days it was observed that the snowmobile guides were stopping their vehicles approximately 20 to 30 feet in front of the kiosk window and walking to the window with their paperwork. As is shown in Figure 10, the highest ambient PM2.5 particle concentrations measured during this study were observed in the Mammoth Maintenance Shop.  While local exhaust is employed to control particle emissions from running diesel engines in the shop, this finding is expected given the lower dilution factor present in an enclosed building.  In terms of occupational exposure, no particle size selective exposure limits exist to exclusively evaluate PM10 and PM2.5.  In terms of public health, while the real time monitors employed in this study are not EPA reference sampling methods, all average concentrations are well below the EPA’s 24-hour National Ambient Air Quality Standards for these agents.

