Rocky Mountains Cooperative Ecosystem Studies Unit (RM-CESU)
RM-CESU Cooperative Agreement Number: H1200040001

Yellowstone Winter Use Personal Exposure Monitoring

Final Report

Prepared For:

National Park Service

Report Date:

June 1, 2005

Prepared By:

Terry M. Spear, Montana Tech of The University of Montana
Dale J. Stephenson, Boise State University



Table of Contents

. Executive Summary 4
1. Introduction 5
I11.  Materials and Methods 6
A. Snowmobile Entries 7
B. Aldehydes 7
C. BETX and Total Petroleum Hydrocarbons 8
D. Volatile organic compounds (VOCs) 8
E. Elemental and Organic Carbon 8
F. Oxides of Nitrogen 9
G. Carbon Monoxide 9
H. Respirable particulate matter 9
I Noise 10
v Results and Discussion 11
A. Snowmobile and Snow Coach Entries 11
B. Aldehyde Results 12
C. BETX and Total Petroleum Hydrocarbon Results 12
D. Volatile organic compound (VOC) Results 12
E. Elemental and Organic Carbon Results 17
F. Oxides of Nitrogen Results 17
G. Carbon Monoxide Results 18
H. Respirable particulate matter Results 18
1. Particle Count Data 19
2. Particle Mass Concentration Data 20
l. Noise Results 25
V. Comparison of the Current Study with Previous Air Quality Studies 26
A. Previous Air Quality Studies 26
B. Findings of Current Study 27
VI.  Risk Assessment 29
A. Occupational Exposure 29
B. Public Exposure 31
VII.  Conclusions and recommendations 32
References 34
Appendix A Description of these established exposure limits 36
Appendix B Analytical methods 41
Appendix C Integrated sampling results 135
Appendix D Data Chem Laboratories integrated analytical reports 152
Appendix E  Data Chem Laboratories analytical reports for VOCs 208

Appendix F Maps 253



Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

List of Figures

Snowmobile and Snow Coach Entries on 2/19/05

Graph of particle counts with time in kiosk A
at the West Entrance

Graph of particle counts with time in the
Madison Warming Hut

Real time PM,; s particle concentrations —
West Entrance Kiosk A (1/15/05)

Real time PM particle concentrations —
West Entrance Kiosk A (1/16/05)

Real time PM,; s particle concentrations —
Madison Warming Hut (1/17/05)

Real time PM, s particle concentrations —
West Entrance Kiosk A (2/19/05)

Real time PM,; s particle concentrations —
West Entrance Kiosk A (2/20/05)

Real time PM; 5 particle concentrations —
West Entrance Kiosk A (2/21/05)

Real time PM, s particle concentrations —
Mammoth Mech. Shop (2/07/05)

19

20

21

22

22

23

23

24

24



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.
Table 7.

Table 8.

Table 9.
Table 10.

Table 11.

Appendix C

Table 1A.
Table 1B.
Table 1C.
Table 1D.
Table 1E.

List of Tables
Snowmobile Emission Factors

Summary of 4-Stroke Snowmobile Emission Engine
Emission Factors of 2002

Number of West Entrance Entries by Date

Volatile Organic Compounds Identified by
Method TO-15

ATSDR Minimal Risk Levels (MRLs)
December 2004

Real Time Nitrogen Dioxide Concentrations
Real Time Carbon Monoxide Concentrations

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

P-Trak particle count data in the Madison Warming Hut

Real time particle mass concentration data

Personal Noise Dosimetry Results

Aldehydes

BETX and Total Petroleum Hydrocarbons
Elemental and Organic Carbon

Oxides of Nitrogen

Respirable Particulate

11

14, 15

16, 17

18
18

19

21

25

136
138
141
146
149



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
80000
60000
(&)
< 40000
a
20000
0
O M O I < 1« 0 IO &N OO O M O N < 4 00
A MO MW O N < I d ™M T O NT O A ®mMI O
0 0 00 O O O OO O O O ™I +H =+ a1 N N N ™M
D T B I o B I B I I R B
Time

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
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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:

MNIOSH Manual of Analyticd Methods (NMAM), Fourth Edition
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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.

NOT