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l. SUMMARY

On July 14, 1988, the Nationd Ingtitute for Occupationd Safety and Hedlth (NIOSH)
received arequest from the U.S. Department of the Interior, Nationa Park Service (NPS) to
characterize exposures and evauate possible health effects among workers fighting the forest
firesin Ydlowstone Nationd Park, Wyoming (YNP). In August of 1988, investigators from
NIOSH conducted concurrent industria hygiene and medica studies at the Shoshone Fire
(August 1-2), the Clover Migt Fire (August 18), and the North Fork Fire (August 20). The
firefighting activities investigated were mop-up and fire bresk congruction.

Theindudtrid hygiene survey conssted of persona breathing zone air monitoring for carbon
monoxide (CO), carbon dioxide (CO,), sulfur dioxide (SO,), and nitrogen dioxide (NO,).
Areaar sampling was performed for the above andytes, ddehydes, volatile organic
compounds (VOCs), total particulate matter (TPM), and polynuclear aromatic hydrocarbons
(PAHSs). Themedica survey consisted of pre- and postshift blood sampling for
carboxyhemoglobin (COHb) and the adminigiration of a questionnaire. The crews surveyed
were selected through cooperation with the local Incident Commanders, Safety Officers, and
the NPS liaison.

The CO exposure levels ranged from 1.9 to 7.8 parts per million (ppm); thisis below
NIOSH recommended exposure limit (REL) and the Occupationd Safety and Hedlth
Adminigration (OSHA) permissible exposure leve (PEL) of 35 ppm (8-hour time weighted
average exposure). In addition, the exposure levels for CO, and NO, were well below the
NIOSH and OSHA exposure limits. Mogt of the areaair samplesfor CO, CO,, NO,,
adehydes, VOCs, and PAHs were well below the NIOSH, OSHA, and American
Conference of Governmenta Indugtria Hygienists (ACGIH) evaudtion criteria. CO
concentrations measured in the base camps were as high as those exposure levels measured
on the fire fighters studied in this evauation. This indicates that the base camps cannot be
considered no-exposure areas. Areaair sampling results for TPM in the base camps ranged
from 0.1 to 0.6 milligrams per cubic meter of air (mg/n?), and at the fires ranged from 0.2 to
47.6 mg/me. Two of the nine area air samples for TPM were above the OSHA PEL for
particulates not otherwise regulated (PNOR) and the ACGIH Threshold Limit Vaues (TLV)
for particulates not otherwise classified (PNOC). Because the TPM may contain some toxic
substances, the OSHA PEL for PNOR and ACGIH TLV for PNOC may not be
appropriate evauation criteria.

The medica surveillance found frequent reports of symptoms related to eye, nose, and throat
irritation; 91% of the participating fire fighters reported these complaints & the end of their
shift. COHb levelsdid not sgnificantly change over the workshifts and were generdly below
levels associated with hedlth effects.

In evauating the rationae behind the NIOSH REL for CO, the NIOSH investigetors believe
that the 35 ppm standard may not be protective for forest fire fighters. In developing the
REL, NIOSH used the Coburn, Foster, Kane (CFK) equation to determine the CO
exposure level that would result in a COHDb leve less than 5% in most workers! Some of
the variables (length of workshift, level of work activity, and dtitude) used by NIOSH in the
CFK equation were adjusted by the NIOSH investigators in this report to better describe
the forest fire fighter's work environment. Using these new variables, the CFK equation
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predicts that a 5% COHb level would be reached a an exposure concentration of
gpproximately 17 ppm. Two area air samples at the Shoshone Fires measured CO
concentrations of 22.2 and 23.3 ppm, suggesting that a potentia hedlth hazard may have
exised from exposure of the forest fire fightersto CO. The procedure for adjusting the
NIOSH REL for CO using the CFK equation is described in Appendix I1. Adjustments
were made to ether the OSHA PEL or ACGIH TLV (whichever was the most protective
sandard) usng an OSHA modd for adjusting evauation criteria based on length of workshift
or workweek.?® Forest fire fighters typicaly work 12 hours per day,

6 days per week. The procedure for performing these adjustments using the OSHA Model
isdiscussed in Appendix I11. Adjusted exposure criteria are presented in the data tables as
proposed exposure guiddines. Exposures measured during the NIOSH surveys were il
consdered low when comparing the measured levels to these guiddines.

Theindudtrid hygiene data suggests that a potentia health hazard may exist at forest fires
from exposure to CO. In addition, the medica questionnaires found a high prevaence of eye
and upper respiratory tract irritetion in the fire fighters. Recommendations are madein this
report to diminate the use of bandannas as respirators, to conduct further exposure
assessment and medica research in forest fire fighting activities, and to congder the
implementation of adminigtrative controls to reduce exposures.

KEYWORDS: SIC 0851 (Forestry Services); forest fire fighting; mop-up; fire break
congruction; carbon monoxide; sulfur dioxide; particulate matter; carboxyhemoglobin;
Coburn, Foster, Kane equation; dtitude; extended workshifts.
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INTRODUCTION

On July 14, 1988, NIOSH received arequest from the U.S. Department of Interior,
National Park Service (NPS) to evaluate worker exposure to forest fire smoke at

Y ellowstone Nationa Park, Wyoming. The NPS requested NIOSH's assistance in
identifying and quantifying the potentia exposures to chemicadsin smoke, and in evauating
the impact of inhaation of this smoke on the forest fire fighter.

On August 1-2, 1988, NIOSH investigators performed concurrent industrial hygiene and
medica surveys at the following forest fires: the Shoshone Fire (August 1-2, 1988), the
Clover Migt Fire

(August 18, 1988), and the North Fork Fire (August 20, 1988). An interim report
containing the data from these studies was issued to the NPS on January 20, 1989. On
August 19, 1988, the NIOSH investigators conducted an investigation of a geothermal area
in the northeast portion of the Park. Fire fighters who worked in this area were experiencing
hedlth effects that were believed to be related to exposures unique to fighting firein a
geothermd area. The report from this investigation, issued August 9, 1989to YNP, is
included as Appendix |. The objective of these surveys was to characterize exposures and
hedth effects to forest fire fighters involved with mop-up and fire bresk building activities.

BACKGROUND

Nationwide, an estimated 80,000 fire fighters are involved with fire suppression activities on
approximately 70,000 fires that burn 2,000,000 acres per year. 1n 1988, over 5,000,000
acres of wildland burned a atota cost in excess of 600 million dollars?

The techniques used to fight forest fires are bascdly the same from fire to fire. Firefighters
use hand tools and/or earth moving equipment to remove al biomass from a given area.
Thus, the fire fighters attempit to dig afire line down to the soil and to contain the fire within
theselines. In the early stages of afire, or when afire jumps the containment lines, direct
attack isused in an attempt to extinguish the fire. Usudly this consggts of the use of hand
tools on the leading edges of the fire to dow or dter the progress of the fire. Air attack, i.e.
the dropping of water or fire retardant from various types of aircraft, is used to dow the
progress of the fire and to extinguish spot fires that may develop downwind of the main fire.
Unburned aress of land may aso be ignited in a controlled burn to remove fuels from areas
ahead of the advancing fireline. During these burnouts, fire fighters are required to hold the
fire line to insure that the fire does not advance into other wildland areas and/or develop into
an uncontrollable fire. Some research and development has been performed on persona
protective equipment for forest fire fighters. Workers typicaly wear Nomex pants and shirt,
Vibram-soled boots with 6-8" leathers, hard hats, goggles, gloves, and use a bandanna for
respiratory protection. Forest fire fighters typicaly work 12 hours per day, 6-7 days per
week.

Y ellowstone Nationd Park isa 2.2 million acre reservation that was designated in 1872 as
thefirst U.S. nationd park.®>* Starting in 1886, the U.S. Cavary was charged with the task
of protecting the Park, which included the suppression of al fires® In 1916, the National
Park Service was formed, and personned assigned to the Park continued the fire suppression
efforts® For the firgt 100 years of the Park's history, most forest fires were actively fought to
minimize the scorching of land. Then in 1972, Y NP management initiated its Fire
Management Plan (FMP), which reserved certain areas of the Park for naturd fire burns.
Under the FMP, al naturdly-caused fires were dlowed to burn; immediate suppression only
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occurred when the fire was caused by humans, or when the fire threstened life, property,
historic and cultural Sites, endangered species, and specific naturd features>’ Inthefirst 16
years of the FMP (1972-1988), Y NP experienced 235 fires which were permitted to burn
for atotal burned area of 34,157 acres. Thelargest fire during this period consumed 7,400
acres; only 15 of the fires burned over 100 acres of the Park.>®

During 1982-1987, most of the West experienced drought conditions, and precipitation in
YNP was below average. In thefive years prior to the summer of 1988, the wintersin the
Park were extremey dry, whereas the summers were unusualy wet (precipitation averaged
200% of normal during July of 1982-1987). The westher during the first five months of
1988 led Y NP management to believe they were in awegather pattern smilar to that of the
previous years, and that al naturally-caused fires should be alowed to burn per the FMP.5’
Average snowpack for the winter of 1988 was 60% of normd, and the spring rainfdl in the
Park was well above average (155 and 181% of normal for April and May,
respectively).®"° Thenin June, rainfal dropped to only one-fifth of normd, and virtualy no
ran fdl during July and August.®”° During late May and June, 20 fires started, with 11 of
these naturaly burning out. By July 15th, the fires covered dmost 9,000 acresin YNP. On
Jduly 21, the fires had burned 16,600 acres, and the NPS made the decision to actively
suppress adl existing and new firesin the Park.>*° During July, August, and September, Six
cold fronts with dry winds of 40 to 60 miles per hour passed through the YNP area. These
gusty winds fanned the fires, causing them to run up to 10 miles aday, and igniting spot fires
over 1 mile ahead of the advancing fire front. These winds, along with the record low levels
of precipitation during the summer months, produced spotting behavior that rendered useless
barriers such as roads, rivers, and hand- and bulldozer-constructed fire lines. These were
routingly jumped, starting new fires on the other side of the barrier.>™° For example, on
August 20 (also known as "Black Sunday"), the wind-driven fires ra%ed through 160,000
previoudy unburned acres, of which 62,000 acres were within YNP3>48 By September 26,
50 fires had been ignited by lightning, 8 of which were sl active® Using aerid photography
and Landsat satellite imagery, detailed mapping and analysis of burned areas found that
793,880 of YNP's 2.2 million acres were affected by these wildfires!® During the pesk of
fire activity and suppression efforts, over 9,500 forest fire fighters were involved in fighting
the YNP forest fires, with atota involvement of 25,000 civilian and military personnd.
Aircraft logged more than 18,000 hours of flight time, dropping approximately 1.4 million
gdlons of fire retardant and 10 million gallons of water on the fires®®

The NIOSH investigations were conducted at the Shoshone Fire, the Clover Migt Fire, and
the North Fork Fire. The Shoshone Fire was started by natura causes on June 23 and was
alowed to burn per the Park's fire management plan. It grew to approximately 24,000 acres
before being included as part of the Snake River Complex”-® (which burned atota of
142,182 acrest?). The Clover Migt Fire was started by lightning on July 9 and was originaly
alowed to burn before being actively fought. The fire grew to 142,780 acres within YNP,
and moved outside the park boundaries to threaten the towns of Silver Gate and Cooke
City.”® Finaly, the North Fork Fire was the largest and most well-known of the YNP fires.
The fire was human-caused on July 22 in the Targhee Nationd Forest (west of the Park),
and quickly moved into the Park and threatened Old Faithful, Old Faithful Lodge, Madison
Junction, Mammoth Hot Springs, Canyon Village, and the Towns of Gardiner and West
Ydlowstone:*"° The North Fork Fire burned approximately 406,359 acres within Y NP

Theimpact of fighting wildland fires on the hedlth of the fire fighter has yet to be determined.
Statigtics from previous fire seasons suggest that firefi ghters may be experiencing both long-
and short-term hedlth effects as aresult of their work.= During the 1987 fire season in
Cdifornia, 38% of dl reports of injuries and illnesses among forest fire fighters were from
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smoke inhaation. During the Y ellowstone National Park fires of 1988, over 30,000 medical
visits were made by fire fighters, of which 12,000 were for respiratory problems. In
addition, gpproximatdly 600 fire fighters required subsequent medica care for these various
respiratory problems.

V. EVALUATION DESIGN

Each morning, with the assstance of the base camp Safety Officer, Incident Commander,
and the NPS liaison, a crew was identified for participation in the NIOSH indugtrid hygiene
and medicd studies. Information on the participating crews, the location of their base camps,
the type of fire fighting activity being performed on the study dates, and the number of fire
fighters sudied can befound in

Table 1.
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A. Indudrid Hygiene

Theindudrid hygiene surveys a the three fires conssted of persond breathing zone air
sampling for CO, CO,, SO,, and NO,, and area ar sampling for CO, CO,, SO,, NO,,
TPM, VOCs, ddehydes, and PAHs. The area air samples were collected at the
respective base camp for each crew, and from two sampling locations near each crew as
they performed their respective tasks. All air sampling equipment was cdibrated pre-
and postshift, with periodic checks of the flowrates performed during the workshift. The
following methods were used to collect and analyze the persond breathing zone and area
ar samples.

1. Carbon monoxide (CO), carbon dioxide (CO,), sulfur dioxide (SO,), and nitrogen
dioxide (NO,) - both persond bresathing zone and area air samples were collected
using Drager long-term diffusion tubes. These tubes are colorimetric indicators
which produce atime-weighted average (TWA) concentration for specific andytes.
During the Shoshone Fire, air samples for CO only were collected using this
method. During the time period between ste visits at the Park, telephone
conversations with scientists from the U.S. Forest Service, Missoula Technology
and Development Center, indicated that CO,, SO,, and NO, may aso be evolved
during these fires. Because of this, the protocol was expanded to include these
anaytes for the Clover Mist and North Fork Fires.

2. Totd particulate matter - were measured by collecting area air samples using
NIOSH Method 0500.1* Sample air was drawn through atared polyvinyl chloride
filter (37 millimeter diameter, 5 micron pore Size) using a portable, battery-powered
sampling pump. A determination of the weight of particulate matter deposited on
each sample was made by weighing the samples on an dectrobaance and
subtracting the previoudy determined tare weights. The insrumenta precision for
this method was 0.01 milligrams (mg) per sample.

3. Voldile organic compounds - both aiphatic and aromatic VOCs were measured
by areaair sampling using NIOSH Methods 1003, 1500, and 1503.** Sample air
was drawn through a standard charcod tube using a portable, battery-powered
sampling pump. After sampling, the charcod was desorbed with carbon disulfide
and the samples were quditatively screened by gas chromatography (GC) with a
flame ionization detector (FID), using afused slica capillary column in the splitless
mode. Based on these results, standards were prepared and the samples were
quantitated for the identified compounds.

4. Aldehydes - were measured using NIOSH Method 2539 to collect area air
samples! Sample air was drawn through an Orbo-23 sorbent tube (manufactured
by Supelco, Inc.), which contained washed X AD-2 resin coated with 10%
hydroxymethy! piperazine, using a portable, battery-powered sampling pump.
After sampling, the sorbent was desorbed with toluene in an ultrasonic bath. A
GC-FID with afused slica capillary column in the splitless mode was used to
screen the samples for ALDs. Based on these results, standards were prepared
and the samples were quantitated for the identified compounds.

5. Polynuclear aromatic hydrocarbons - areaair samples for both particulate and
gaseous forms of PAHs were collected according to NIOSH Method 5515 by
drawing sample air through a polytetrafluoroethylene filter and sorbent tube
(washed XAD-2 resin in Orbo-43 sorbent tube, manufactured by Supelco, Inc.) in
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series™ Thefilter collects the PAH-containing particul ate matter, whereas the
sorbent tube collects the gaseous PAHs. Thefilter and sorbent tube samples were
extracted with benzene, and aiquots were injected into a GC-FID and anadyzed for
the following PAHS: ngphthalene, acenaphthylene, acengphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene,
benzo(k)fluoranthene, benzo(e)pyrene, benzo(a)pyrene, indeno(1,2,3-c,d)pyrene,
dibenz(a,h)anthracene, and benzo(g,h,i)perylene. Portable, battery-powered
sampling pumps were used to collect these samples.

Medical

A protocol was designed to study the hedlth effects of carbon monoxide and irritants on
forest firefighters. Study participants congsted of volunteers from the fire fighting crews
gudied in theindudtrid hygiene surveys. Signed informed consent was obtained from the
members of the individua crews.

Participants completed a questionnaire which contained questions pertaining to
demographic information and symptoms experienced prior to leaving base camp. Each
volunteer's heart rate and percent blood oxygen saturation were recorded using a
portable transcutaneous blood oximeter, and respiratory rate was visualy assessed by a
NIOSH medicd officer. Approximately 5 milliliters (ml) of venous blood was collected
by peripherd venipuncture from each volunteer. When each volunteer returned to base
camp that evening, he or she completed a postshift symptoms questionnaire. Heart rate,
oxygen saturation, and respiratory rate were assessed, and a postshift blood sample was
collected. Blood samples were mailed to a commercid |aboratory for measurement of
carboxyhemoglobin.
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V. EVALUATION CRITERIA
A. Genad Guiddines

Asaguide to the evauation of the hazards posed by workplace exposures, NIOSH field
gaff employ environmenta evauation criteriafor assessment of a number of chemica
and physica agents. These criteria are intended to suggest levels of exposure to which
most workers may be exposed up to 10 hours per day, 40 hours per week, for a
working lifetime, without experiencing adverse hedth effects. It is, however, important
to note that not al workers will be protected from adverse hedlth effects if their
exposures are maintained below theselevels. A smal percentage may experience
adverse hedlth effects because of individua susceptibility, apre-existing medica
condition, and/or a hypersengtivity (dlergy).

In addition, some hazardous substances may act in combination with other workplace
exposures, the generd environment, or with medications or persond habits of the worker
to produce health effects, even if the occupationa exposures are controlled at the level
st by the evduation criterion. These combined effects are often not considered in the
evauation criteria. Also, some substances are absorbed by direct contact with the skin
and mucous membranes, and thus, potentialy increase the overdl exposure. Findly,
evauation criteriamay change over the years as new information on the toxic effects of
an agent become available.

The primary sources of environmenta evauation criteriafor the workplace are the
following: 1) NIOSH criteria documents and recommendations, including recommended
exposure limits (RELS),

2) the American Conference of Governmentd Industrial Hygienists (ACGIH) Threshold
Limit Vaues (TLVs), and 3) the U.S. Department of Labor, OSHA permissble
exposure limits (PELS). The OSHA standards may be required to take into account the
feagbility of controlling expasures in various industries where the agents are used; the
NIOSH-recommended standards, by contrast, are based primarily on concerns relating
to the prevention of occupationa disease. In evauating the exposure levels and the
recommendations for reducing these levels found in this report, it should be noted that
industry islegaly required by the Occupationa Safety and Hedlth Act of 1970 to meset
those levels specified by an OSHA standard.

A time-weighted average (TWA) exposure refers to the average airborne concentration
of asubstance during anormal 8- to 10-hour workday. Some substances have
recommended short-term exposure limits (STEL) or ceiling vaues which are intended to
supplement the TWA, where there are recogni zed toxic effects from high short-term
EXPOSUres.
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Carbon Monoxide and Carboxyhemoglobin

Carbon monoxide is a colorless, odorless, tasteless gas produced by incomplete burning
of carbon-containing materids, eg., vegetation. Theinitia symptoms of CO poisoning
may include headache, dizziness, drowsiness, and nausea. Theseinitid symptoms may
advance to vomiting, loss of consciousness, and collapse if prolonged or hi qh exposures
are encountered. Coma or death may occur if high exposures continue.>%6

CO combines with hemoglobin in red blood cells to form carboxyhemoglobin (COHb),
reducing the ability of the blood to carry oxygen to the organs and other vital body parts,
and exerting stress on the body. 2> In fact, hemoglobin has a 210 to 240 times grester
afinity for CO than for axygen.!**® This reduction in the ability of blood to transport
oxygen to the body can result in a state of oxygen deficiency known astissue hypoxia
The body compensates for this stress by increasing cardiac output and the blood flow to
specific areas, such asthe heart and brain.**>% Carboxyhemoglobin is completely
dissociable following cessation of exposure, and has a biologic hdf-life of 5 hours.’®
After dissociaion, CO is diminated from the body via the lungs during exhaation. '

The blood of smokerstypically contains 2 to 10% COHb. Non-exposed, non-smokers
usudly have a COHb leve of 1% or less. In addition, non-smokersin large cities will
have a COHDb leve of 1-2%, with the most probable source of CO being ambient air
pollution from the combustion of fossil fues!*%> Asthelevel of COHb in the blood
increases, the victim experiences hedth effects which become progressively more
serious. Initidly, the victim is pae later, the skin and mucous membranes may be cherry
redin color. Loss of consciousness occurs at about a 50% COHDb level, and death can
occur a levels of 70%.11** 1t should be noted that the physiologic reaction to a given
level of COHb in blood is extremely variable from person-to-person. The symptoms
associated with various percent blood saturation levels of COHb are shown below:: 2
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% COHb in Blood Symptoms
0-10 No symptoms
10-20 Tightness across forehead, dight headache, dilation of
cutaneous blood vessdls.

20-40 Moderate to severe headache, weskness, dizziness, dimness of
vison, nausea, vomiting, collgpse.

40-50 Increased probability of collapse, loss of consciousness, rapid
pulse and respiration.

50-60 Loss of consciousness, rapid pulse and respiration, coma,
convulsions, and Cheyne-Stokes (periodic decreased)
respiration.

60-70 Coma with intermittent convulsions, depressed heart rate and

respiration, possible degath.
Greater than 70 Wesk pulse, dow respiration, respiratory failure, degth.

Because COHb reduces the amount of oxygen transported by the blood, a number of
cardiovascular effects are associated with CO exposure. Persons with chronic heart
and/or lung disease are at increased risk. Even at low levels, CO exposure increases the
risk for cardiac arrest in some people, particularly those with pre-existing cardiac
ischemia (inadequate blood flow to the heart) 112131

Both the NIOSH REL and the OSHA PEL for CO are an 8 hours per day, 40 hours
per week TWA exposure of 35 ppm, and aceiling limit of 200 ppm.t"® The ACGIH
recommends an 8-hour TWA TLV of 50 ppm, with a ceiling level of 400 ppm.
Currently, the ACGIH isreconsdering its TLV for CO, and will issue achangein the
TLV, if necessary, within ayear.’® In addition to these standards, the National Research
Council has developed a CO exposure standard of 15 ppm, based on a 24 hours per
day, 90-day TWA exposure.

The NIOSH REL of 35 ppm is designed to protect workers from hedlth effects
associated with COHDb levelsin excess of 5%.1 NIOSH used the Coburn, Foster, Kane
(CFK) equation to calculate the maximum 8-hour exposure leve that would result in this
5% COHb level. The CFK equation is an exponentid equation that describesthe
relationship between CO exposure and COHb levels, consdering such variables as
duration of exposure, lung ventilation rate, rate of endogenous CO production, diffusion
ratesin the lung, blood volume, barometric pressure, and the partid pressure of CO and
oxygeninthelung. Inusing the CFK equation to determine the REL of 35 ppm,
NIOSH considered an exposure duration of 8 hours per day, and a sedentary worker
activity leve (as defined by alung diffuson rate [D, ] of 30 milliliters per minute per
millimeters of mercury [ml/min/mm Hg] and lung ventilation rate [V 5] of 6000 milliliters
per minute [mI/min]). The CFK equation does not take into account the effects of
atitude on CO exposure and COHb levels. Thus, NIOSH recommends that when CO
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exposures occur at atitudes above 5000 feet the REL should be appropriately lowered
to compensate for the loss in the oxygen-carrying capecity of the blood.*

Sulfur Dioxide

Sulfur dioxide (SO,) isaprimary irritant of the eyes, mucous membranes, upper
respiratory tract and skin. Itsirritating effects are due to the speed in which SO, forms
sulfuric acid when contacting a moist surface, e.g. the mucous membranes and eyes.
Other symptoms of SO, expasure include frequent cough, choking, rhinorrhea g“runny
nose"), and reflex bronchoconstriction with increased pulmonary resistance.’** An
epidemiologic investigation of workersin a copper smdter documented adeclinein
pulmonary function over a one year period, and an increase in cough and sputum. The
exposure levesin this facility ranged from

1.0-2.5 ppm of SO,

The OSHA PEL and ACGIH TLYV for SO, are 8-hour TWA exposure levels of 2 ppm,
and STELs of 5 ppm as 15-minute TWA exposures that should not be exceeded at any
time during the workshift.1”1° In 1988, NIOSH raised the REL for SO, from 0.5 ppm
to 2.0 ppm, for up to a 10-hour TWA exposure.?

Other Contaminants

The evauation criteriafor the other chemica contaminants sudied in this investigation
(VOCs, PAHSs, aldehydes, CO,, NO,, and TPM) are presented at the bottom of the
data tables for these specific andytes. Some of the chemicastha potentialy could have
been present are considered by NIOSH to be potential human carcinogens (e.g.
formaldehyde, certain VOCs and PAHS, etc.). Since there is no recognized safe
exposure to carcinogens, NIOSH recommends that exposure to these compounds be
reduced to the lowest feasible level (LFL).
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RESULTS AND DISCUSSION

A.

Indudtrial Hygiene Results

Indugtrid hygiene sampling results for CO, CO,, SO,, NO,, TPM, VOCs, adehydes,
and PAHs are presented in Tables 2 through 7. As shown in Table 2, the CO exposure
concentrations ranged from 1.9 to 7.8 ppm and were below the NIOSH REL and
OSHA PEL of 35 ppm. Typicdly, the outdoor, ambient concentration of CO, is
gpproximately 350 ppm. Condgdering this, the CO, exposures were approximeately 3
times higher than the norma background concentration, but were till well below the
gpplicable occupationa exposure limits. No detectable levels of NO, were found in the
10 bresthing zone samples (limit of detection [LOD] of gpproximately 0.2 ppm). Findly,
al 10 of the persond breathing zone air samples for SO, determination were below the
NIOSH, OSHA, and ACGIH exposure criteria of 2.0 ppm. SO, exposure levels
ranged from non-detectable to 1.2 ppm, with amean exposure leve of 1.0 ppm. It
should be noted that persona sampling was performed at the Clover Mig fire on the
Lassen Hot Shot crew, which worked a 24-hour shift in an area that was not accessible
to the NIOSH investigators. Because of this, the duration time for the samplers was
exceeded, and these samples were considered invalid.

The data from the area air sampling for CO, CO,, SO, and NO,, are shown in Table 3.
CO levesin the base camps ranged from 1.6 to 6.2 ppm; whereas area CO levels at the
three fires ranged from 3.9 to 23.3 ppm, with the 2 area samples obtained at the
Shoshone fire being above 20 ppm. Area SO, concentrations at the Clover Mist Fire
were 1.8 and 1.9 ppm, and were 1.0 ppm at the Madison Base Camp. Again, the CO,
SO,, NO, and CO, area concentrations were low when compared to the respective
exposure limits.

The areaar sampling datafor TPM are presented in Table 4. Two of the 9 samples
detected concentrations of particulate matter of 47.6 and 15.9 mg/m?, which were above
the ACGIH TLV for particles not otherwise classfied (PNOC) and the OSHA PEL for
particles not otherwise regulated (PNOR). The remaining samples detected low TPM
concentrations (less than 1.3 mg/m?®). The two samples which were above the OSHA
and ACGIH limits were obtained at the Clover Mist and North Fork Fires. However, it
may not be gppropriate to make this comparison of the concentrations measured during
the NIOSH survey to the ACGIH TLV for PNOC or the OSHA PEL for PNOR. The
ACGIH criteriafor inhdation of PNOC is alung-tissue reaction that has the following
characterigtics. (1) the architecture of the air spaces remainsintact; (2) scar tissue
(collagen) is not formed to a sgnificant extent; (3) the tissue reaction is potentialy
reversble® The OSHA PEL for PNOR is applicable when particul ate matter does not
contain substances that are regulated by an existing OSHA standard. Since alarge
portion of the TPM exposure is a product of combustion of the surrounding vegetation,
and may contain carcinogenic and/or otherwise toxic substances, neither the ACGIH
TLV nor OSHA PEL are applicable to this exposure.

The scan for adehydes detected only formadehyde in the areaair samples. Table 5
contains the measured concentrations of formadehyde in the air samples, dl of which
ranged between the limit of detection (LOD) and limit of quantitation (LOQ) and are
congdered to betrace levels. 1t should be noted that NIOSH considers formadehyde
to bel% potentiad human carcinogen, and recommends that exposures be reduced to the
LFL.
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As shown in Table 6, results from the quditative and quantitative anadyses of charcod
tube air samples found low concentrations of either some or dl of the following VOCs
on each sample: methyl acetate, 2-methyl furan, benzene, toluene, furfurd, and terpenes
(C1oH46 isomers, including pinene). NIOSH consders benzene to be a potential human
carcinogen, and recommends that exposures be reduced to 0.1 ppm.*8 Evauation
criteriado not exist for 2-methyl furan and terpenes.

The data from the areaar sampling for PAHs are shown in Table 7. Of the 17 PAHs
andyzed usng this method, only acengphthene was found in al of the samples, and
fluorene and naphtha ene were found in some of the samples. In addition, only gaseous
levels of these three PAHSs were measured; no PAHs in particulate form were detected
on these samples. The NIOSH investigators consider these to be low to trace levels of
PAHSs.

Medicd Results

Threefire fighting crews were studied as part of the medicd investigation. The
Willamette and Basin crews were studied according to the previoudy discussed
protocol. The Lassen crew did not return to Pebble Creek Base Camp because of the
previoudy discussed circumstances. For this group of forest fire fighters, postshift data
and blood samples were collected at the Cache Creek site the next morning.

As shown in Table 8, the 22 participants ranged in age from 20 to 45 with a mean age of
26. Nineteen participants were male, and

3 werefemae. Two participants were cigarette smokers, 2 were former smokers, and
17 were lifetime nonsmokers (one participant did not report smoking status).

Table 9 shows the results of the pre- and postshift symptoms questionnaire. The greatest
increase in number of firefighters reporting symptoms after the shift, compared to preshift
reports, was noted for complaints related to mucosdl irritation (eye, nose and throat), but
the increase in reported prevaence of these symptoms was not Setisticaly sgnificant.
Fivefirefighters reported a decrease in dertness a the end of the shift, compared to 2
reports before the shift (p=0.043). The number of firefighters complaining of headaches
decreased by one. However, the change in the prevaence of dl symptoms other than
dertness was not daidicdly sgnificant.

Physiologic variables recorded were within norma ranges. Blood oxygen saturation did
not change significantly between pre- and postshift measurements. Carboxyhemoglobin
(COHb) measurements are shown in Table 10. The highest COHb measured (4.7%)
was a preshift level in asmoker. For the entire group, the increase in COHb between
pre- and postshift measurements was not significant by Student's T-test. COHDb levels
for the Lassen crew increased by a gatigtically sgnificant amount (p=.001, Student's
T-test) and decreased by a significant degree for the Basin crew (p=.005, Student's
T-test). The decrease noted in the Willamette crew was not gatigticaly significant.

Discussion and Conclusons

On the days of the NIOSH surveys, the breathing zone exposure levels for CO, CO,,
SO,, and NO, were all below the respective OSHA, NIOSH, and ACGIH exposure
limits, and were a levels that would not be expected to pose a hazard to the hedth of the
workers. In addition, mogt of the area air samplesfor CO, CO,, SO,, NO,, adehydes,
VOCs, and PAHs were below the NIOSH, OSHA, and ACGIH evauation criteriafor
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persond exposures. It isinteresting to note the CO levels measured in the base camps
were Smilar to those exposure levels measured on the fire fighters congtructing fire line
and mopping-up at the threefires. Thisindicates that the base camps cannot be
considered no exposure areas for carbon monoxide. The measured area air
concentrations of adehydes, VOCs, and PAHs were low, and individually would not be
expected to cause acute hedlth effectsin most workers. Findly, 70% (7 of 10) of the
persond breathing zone air samples, and, dl three of the areaair samples for SO,,
messured levels within at least 50% of the NIOSH REL, OSHA PEL, and ACGIH
TLV. The presence of the SO, concentrations is probably due to the high sulfur content
of soil and rock, and the number of geothermd ventsin the Y dlowstone area.

Two of the areaair samplesfor TPM had concentrations above the ACGIH TLV for
PNOC and OSHA PEL for PNOR. As previoudy mentioned, using the OSHA PEL
and ACGIH TLV to evauate exposure to the TPM is not appropriate since this TPM
exposure does not fit the definitions for PNOC and/or PNOR. The NIOSH
investigators used these standards for comparative purposes only; it is possible that
further chemicad anayss of the TPM may provide judtification for use of amore
protective exposure sandard. It isinteresting to note that the areaair sampling for
particulate-borne PAHSs did not measure detectable concentrations of these compounds.
The sampling equipment used to collect the TPM and PAH ar samples were collected
sde-by-sde (within 1 foot of each other). These data suggest that PAHS measured may
not be present in the TPM.

In evaluating the rationale behind the NIOSH REL for CO, the NIOSH investigators
believe that the 35 ppm standard may not be protective for forest fire fighters. In
developing the REL, NIOSH used the CFK equation to determine the CO exposure
level that would result in a COHb level less than 5% in most workers! There are
severd factorsto be considered when utilizing the CFK equation to predict the CO
exposure concentration that would result in a5% COHb leve in forest fire fighters:

1. Theduraion of exposure for forest fire fightersislonger than that used in the CFK
equation to determinethe NIOSH REL. Forest fire fighters typicaly work 12-hour
shifts per day, and at least Six days aweek (tota of 72 working hours per week).
Conversaly, the NIOSH REL isfor an exposure duration of
8 hours per day, 40 hours per week.!

2. Inmany regions of the U.S,, forest fires are fought at dtitudes above 5000 feet. In
fact, the mgjority of Y dlowstone Nationa Park is at an atitude over 8000 feet.

3. Theleve of work activity (sedentary) used by NIOSH in the CFK eguetion is not
descriptive of the type of work performed while fighting forest fires The NIOSH
investigators believe that the D, and V, vaues for heavy work activity levels are
more descriptive of the type of work performed at forest fires, and should be used
inthe equation. D, and V,, vaues for sedentary, light, and heavy work activity
level sae presented in Appendix 11 of the NIOSH recommended standard for
CO.

Consdering the above information, the NIOSH investigators made adjustments to these
variables, and used the new vaues to caculate a proposed exposure guideline for CO.

These adjustments, dong with a description of the CFK equation and the variables used
in the equation, are presented in Appendix I1. Using aworkshift length of 12 hours (720
minutes), D, and V, vauesfor aheavy level of work activity, and dtitudes of both 5000
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and 10000 feet above sealeve, the NIOSH investigators ca culated that 5% COHb
levels would be reached with CO exposures of 23 ppm (for an dtitude of 5000 feet) and
17 ppm (for an dtitude of 10000 feet). Given that most of YNPisat an dtitude of at
least 8000 feet above sealeve, the NIOSH investigators believe that forest fire fighters
may have been overexposed to CO when exposure concentrations exceeded 17 ppm.
Though none of the persona breathing zone air samples exceeded this proposed
guiddline, the two area air samples at the Shoshone Fires measured CO concentrations
of 22.2 and 23.3 ppm. This suggests that a potential health hazard may have existed
from exposure of the forest fire fightersat YNP to CO.

In addition, the NIOSH investigators used an OSHA model to caculate proposed
exposure guiddines for the other substances identified and measured in this evaluaion.?
The OSHA PEL s were developed to account for doses that are imparted to aworker
during anorma 8-hour day, 40 hoursiweek. OSHA recommends the use of this model
to assess exposures that occur during unusua work schedules, such as those worked by
forest fire fighters?® The ACGIH has aso recommended that this mode be used to
adjust the TLVswhenever the TLVs are being used to determine exposures during
unusua work schedules™® Considering this, the NIOSH investigators used this moddl to
adjust either the OSHA PEL or ACGIH TLV (adjustment was performed on the more
protective criterion of the two) for a 12-hour day, 6 daysweek work schedule. A
description of the OSHA Model and the cal culated adjustments (referred to as proposed
exposure guidelines) are presented in Appendix I11. The OSHA Mode recommended
no adjustment to the evaluation criteriafor SO, and CO,. The concentrations of NO,,
PAHSs, adehydes, and VOCs measured by the NIOSH exposure monitoring at the Y NP
forest fires were gill below these exposure guideiines. No adjustment was madein
evaluation criteriathat may be used to assess exposure to the TPM, since the actual
composition of the TPM has yet to be determined. Also, no adjustment was made for
formaldehyde since NIOSH consders it to be a potentiad human carcinogen, and
recommends that exposures be reduced to the lowest feasible level.

The NIOSH investigators believe that it is possible that exposures to forest fire fighters
would be higher under different circumstances. Smoke conditions were light for the
crews participating in the NIOSH study, which may account for the relatively low levels
of CO, and the low area concentrations of PAHs, VOCs, SO,, ddehydes, and NO..
More research is needed to better define exposures in other jobs and in smokier
conditions. Exposures may be greater among fire fightersinvolved with direct attack,
line holding, and those performing burnout. When viewed as awhole, these data
demondtrate that forest fire smoke is biphasic in nature, consisting of both gaseous and
particulate contaminants. The specific concentrations and types of chemicalg/substances
generated during this combustion process are dependent on the type of woodland and/or
forest being burned, the short- and long-term meteorologica conditions, and the
geographical location of thefire. The combined effects of these factors on worker
exposures during fires is unknown.

In this investigation, the NIOSH investigators measured a limited number of medica
parameters. Of the symptoms assessed, only those associated with exposure to airborne
irritants were frequently reported. Although the increase noted in the frequency of irritant
symptoms was not datisticaly sgnificant, this may be due to the smdl number of fire
fighters studied. In addition, the prevaence of these symptoms before the shift sarted
were dready 40% to 60%, suggesting that the participating fire fighters either had not
adequately recovered from exposures in previous workshifts or had incurred irritant
exposures during the interval sncethe last shift. Also, the warm, dry wesather associated
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with forest firesisirritating to the mucous membranes, and may exacerbate the effect of
other irritant exposures. Symptoms possibly associated with carbon monoxide
intoxication were infrequently reported, and only the prevaence of reported decreasein
detnessincreased at a datidticaly sgnificant level. This symptom could be an effect of
fatigue. Thisisconggtent with the results of the CO exposure monitoring and COHb
measurements; none of the samples reached levels associated with serious hedlth
CONSequUENCES.

In viewing the CO exposure data and COHb datain this report, the NIOSH
investigators redlize this data neither supports nor refutes the previoudy described
adjustments to the NIOSH REL for CO using the CFK equation. There are severa
factors to consider when comparing the data collected during the Y NP surveys.

1. The CO exposure levels were below the CFK -adjustment to the NIOSH REL for
CO, and at levels that would not result in across-workshift increases in serum
COHb. To generdize these observed exposuresto dl forest fire fighting, in toto,
would be inappropriate. The NIOSH surveys assessed exposuresto asmall
number of fire fighters engaged in either mop-up or fire break building work
activities. In addition, the two area air samples of 22.2 and 23.3 ppm indicate the
potentia for overexposure of forest fire fightersto CO.

2. Since COHb is metabolized at afarly rapid rate, i.e. has a haf-life of about 4
hours, the timing for the collection of the postshift blood samplesis criticd if COHb
levels are to be used as an indicator of exposure. During the NIOSH survey, the
Willamette and Basin crews had 1 to 2 hour hikes through unburned areas of the
Park before reaching their respective base camps. Since the postshift blood
samples for COHb were collected in the base camps, the reported COHb levelsin
the tested members of these crews may have been higher considering when the
samples were collected. The postshift blood samples for the Lassen crew were
collected on the firdline, minimizing the time between cessation of exposure and
collection of the blood sample. Because of the nature of the work activities and
length of workshift of this crew, the NIOSH investigators were ungble to determine
the CO exposure levels for the members of this crew. Thus, the NIOSH
investigators are unable to properly evauate the reasons for the observed COHb
levelsin the Lassen crew.

3. Thesesurveyswere not experimentaly designed to evauate the field application of
the CFK equation in determining safe exposure levels for CO. The discussions
presented in Section V, Part B and Appendix 1 of this report, are to inform the
parties associated with this investigation that the traditiond exposure limits for CO
may not be protective for the work environment encountered by forest fire fighters.
Thisinformation isimportant to properly protect fire fighters from the deleterious
hedlth effects associated with CO intoxication.

The use of bandannas for respiratory protection is ingppropriate. First, the bandanna
provides the forest fire fighter with no degree of protection from the gaseous
contaminants present in smoke (e.g., CO, SO,, PAHSs, ddehydes, etc.). Second, the
ability of arespirator to provide the wearer with an acceptable degree of protection from
a hazardous exposure is dependent on the sed between the respirator and the wearer's
face. A bandannais unable to achieve and maintain this airtight sedl, and airborne
contaminates will leak through the interface between the bandanna and the skin/face.
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VII.

Thus, the bandannawill provide the wearer with minima protection from airborne
particulate matter.

RECOMMENDATIONS

The following recommendations are made per the data collected and observations made
during the NIOSH surveys at the Y NP forest fires:

1. Sincethe NIOSH data from thisinvestigation indicates that CO may be a potentia hedth
hazard to forest fire fighters, the NPS and other fire fighting agencies should consider
implementing adminigtrative controls to reduce exposure to CO, and to give the fire
fighter asufficient period of time in a no-exposure area to dlow the COHb to dissociate
and to dlow the fire fighter's body to recover from the effects of exposure. The NIOSH
investigators suggest the congderation of reducing the length of the workshift, reducing
the number of consecutive days on the fire line, and moving the base camps to locations
further away from the fire to reduce the amount of smoke in these camps.

2. Theuse of bandannas as respirators should be prohibited. Until more definitive
exposure assessments are available, the NIOSH investigators recommend that fire
fighters be provided with NIOSH/M SHA -approved, disposable, single-use filter
respirators designed to remove dusts and mists. These masks are considered to have a
lower filter efficiency, and are 99% efficient in removing aslicadust particde with a
geometric mean diameter of 0.4 to 0.6 microns and a standard geometric mean deviation
no greater than 2.2* The NIOSH investigators recommend that these masks be obtained
with exhdation valves, increasing the level of comfort to the user. These respirators will
provide the fire fighter with a more consstent and effective leve of protection than the
presently used bandannas, provided they are worn properly and the wearer has been fit-
tested. In addition to providing the fire fighters with these respirators, NPS and the other
forest fire fighting agencies should develop and implement a written repirator program.
NIOSH recommends thet this program be consstent with the guiddines set forth in the
NIOSH E)ublication "Guideto Industrid Respiratory Protection” (DHHS Publication No.
87-116)%* and the minimum requirements in the OSHA Generd Industry Occupationa
Safety and Hedlth Standards (29 CFR 1910.134). The respirator training could be
provided at the fire fighters annua "red card" training and recertification. It isimportant
that the fire fighters are indtructed that this respirator will not protect them from the fire
gases such as CO. Also, the presence of facia hair will compromise the face-to-
facepiece sed; thus, dl fire fighters should be clean-shaven in the area of the face sedl.

3. Further exposure assessments and medical research are needed to better define the
exposures and hedth effectsin fire fighters. Exposures during other fire suppression
activities (eg. direct attack, line holding, burnout) should be investigated. In addition,
more exposure assessment data is needed to characterize worker exposures during
intense smoke conditions. Due to the complex nature of the smoke, many different air
sampling methods were employed during the Y NP surveys. Many of these methods
measured low to trace levels of the analytes. As moreindudtria hygiene datais
obtained, it may be possible to rule out some contaminantsin the smoke as posing a
hedth hazard to the forest fire fighter. One confounding factor to thisis that the airborne
concentrations measured during the NIOSH surveys were in areas where the smoke
conditions were congdered to be light. Future medicd studies should investigate the
effect of this complex exposure on the respiratory system, and further define the impact
of CO expaosure on the fire fighter's hedlth.
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In this evaluation, the NIOSH investigators proposed a downward adjustment in the
NIOSH REL for CO. This adjusment was made using variables for work activity,
dtitude, and length of workshift that were more descriptive for forest fire fighters, and
inserting these variable in the CFK equation to calculate the predicted CO exposure
level (17 ppm) that would result in a5% COHb leve in these workers. Future industrial
hygiene and medica investigations are needed to document if fire fighters are
experiencing elevated COHDb levels at CO exposure concentrations below the NIOSH
REL of 35 ppm (for an 8-hour TWA exposure). Thiswill require the targeting of fire
fighting crews (in future investigations) that will be working under heavier smoke
exposure conditions, and at dtitudes above 5000 fedt, if possible. Though the YNP fires
provided NIOSH with the opportunity to investigate if elevated COHb levels were
occurring at exposure concentrations below the NIOSH REL (35 ppm), the crews
selected for participation worked in light smoke conditions, which probably resulted in
the low CO exposure levels (below 8 ppm). Thetwo areaair samples with CO
concentrations of 22.2 and 23.3 ppm provide some indication that higher CO levels may
occur in smokier conditions. If concurrent industrid hygiene and medicd studies indicate
that forest fire fighters are experiencing elevated COHDb levels from exposure to CO
concentrations below the NIOSH REL, then the CFK equation may be used by the
forest fire fighting agencies as a predictor to develop a CO exposure standard specific
for workers involved with forest fire fighting activities.

Future indugtrid hygiene studies should include a chemicd andyss of the totd particulate
matter (TPM) to which forest fire fighters are exposed. After the composition of the
TPM has been determined, the NIOSH investigators may be able to determineif the
level of exposure experienced during forest fire fighting activities poses a hedth hazard.
Thisinformation may also asss in the interpretation of medica data related to
respiratory system effects.
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Page 23 - Health Hazard Eval uati on Report No. 88-320

Tablel
Information on Crews Studied
Y ellowstone Nationa Park
HETA 88-320
August 1988
Crew Name  Work Activity  Nameof Fire Base Camp # of Workers
Willamette Mop-Up Shoshone Grant/West Thumb 5

Lassen Fire-Break Clover Mist Pebble Creek 7
Basn Fire-Break North Fork Madison 10



No.

88- 320

Reaults of Persond Breething Zone Air Sampling for CO, CO,, SO,, and NO,

CO

Concentrati
Co,

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

NA

10000

5000
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Table2
Y dlowstone Nationa Park
HETA 88-320
August 1988
Sample Sample
Location Time
Shoshone Fire, Willamette 0745-1445
Shoshone Fire, Willamette 0745-1443
Shoshone Fire, Willamette 0745-1440
Shoshone Fire, Willamette 0745-1410
Shoshone Fire, Willamette 0745-1415
North Fork Fire, Basin Crew 0729-1022
North Fork Fire, Basin Crew 0730-2022
North Fork Fire, Basin Crew 0735-2022
North Fork Fire, Basin Crew 0722-2030
North Fork Fire, Basin Crew 0724-2022
North Fork Fire, Basin Crew 0724-2020
North Fore Fire, Basin Crew 0725-2027
North Fork Fire, Basin Crew 0728-2020
North Fork Fire, Basin Crew 0728-2022
North Fork Fire, Basin Crew 0735-2018
Adjusted Exposure Guidelines?
OSHA PEL
NIOSH REL
ACGIH TLV

5000

1 Concentrations are expressed in parts per million (ppm) of the given analyte

and are time weighted averages (TWA).
ND-analyte not detected on sample.

NA-Per the OSHA Model®, no adjustment for unusual work schedule.
2 See Appendices |1 and 111 for discussion on these exposure guidelines.
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Results of Area Air Sampling for CO, CO,, SO,, and NO,

Sample
Location

Grant Base Camp
Shoshone Fire, Grant South
Shoshone Fire, Grant South

Pebble Creek Base Camp
Clover Mig Fire, Divison A
Clover Mig Fire, Divison B

Madison Base Camp
North Fork Fire
North Fork Fire

Adjusted Exposure Guidelines?
OSHA PEL

NIOSH REL

ACGIH TLV

Table3

Sample
Time

0700-1503
1135-1605
1148-1604

0715-1730
1020-1545
1120-1700

0658-1650
0920-1535
1100-1520

Y dlowstone Nationa Park
HETA 88-320
August 1988

Concentrations®

CO  CO,
6.2 -
22.2 -
23.3 -

1.6 1000
46 700
3.9 750
51 815
7.9 -

115 -

17.0 NA
35.0 10000
35.0 5000
50.0 5000

No.

! Concentrations are expressed in parts per million (ppm) of the given andyte.

ND-none detected

NA-per the OSHA Model?, no adjustment for unusua work schedule.

2 See Appendices |1 and 111 for discussion on these exposure guidelines.

88- 320

SO,

NO,
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Table4
Results of Area Air Sampling for Total Particulate Matter (TPM)
Y dlowstone National Park

HETA 88-320
August 1988

Sample Sample Sample Concentration

Location Time Volumet! of TPM?
Grant Base Camp 0809-1503 828 0.2
Shoshone Fire, Grant South 1124-1605 562 0.9
Shoshone Fire, Grant South 1148-1604 512 1.0
Pebble Creek Base Camp 0715-1730 1230 0.1
Clover Migt Fire, Divison A 1030-1545 630 15.9
Clover Mig Fire, Divison B 1115-1625 620 0.2
Madison Base Camp 0715-1835 1360 0.6
North Fork Fire 0920-1525 730 1.2
North Fork Fire 1100-1520 520 47.6

1 Sample volume expressed in liters of air.
2 Concentration expressed in milligrams of dust per cubic meter of air.
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Sample
Location

Clover Mis Fire
Clover Mis Fire
Madison Base Camp
North Fork Fire

OSHA PEL

ACGIH TLV

Proposed ACGIH TLV
NIOSH REL

88- 320
Table5
Results of Area Air Sampling for Aldehydes
Y ellowstone Nationa Park
HETA 88-320
August 1988
Sample Sample  Concentration of
Time Vaumet Formaldehyde?3
1030-1545 16.2 (0.03)
1115-1615 15.0 (0.03)
0715-1825 335 (0.02)
1100-1552 14.6 (0.03)
1.0
1.0
0.3
LFL

1 Sample volumes expressed in liters of sample air.
2 Concentration expressed in parts per million of formaldehyde.

LFL-lowes feasble levd.

3 Concentrationsin parenthesis fal between the limit of detection and the
limit of quantitation for forma dehyde and should be considered

semi-quantitative.



Table 6
Results of Area Air Sampling for Hydrocarbons
Yellowstone National Park

HETA 88-320
August 1988

Sample Sample Sample Methyl 2-Methyl
" Location Time Volume' Acetate’ Furan® Benzene’ Toluene® Furfural’  Terpenes’

Grant Base Camp 0700-1503 242 ND 0.01 0.01 0.01 ND 0.02
Shoshone Fire, Grant South 1129-1605 138 0.02 0.04 0.02 0.01 0.04 0.09
Shoshone Fire, Grant South 1148-1609%9 131 0.02 0.04 0.03 0.01 0.05 0.09
Pabble Creek Base Camp 0730-1730 300 ND ND ND ND ND ND
Clover Mist Fire, Division A 1030-1545 158 ND ND 0.02 ND ND ND
Clover Mist Fire, Division B 1115-1615 150 ND ND ND ND ND ND
Madison Base Camp 0715-1836 341 ND ND 0.01 0.01 ND 0.01
North Fork Fire 0920-1525 183 ND ND ND ND ND ND
North Fork Fire 1100-1520 130 ND ND ND ND ND ND
Proposed Exposure Guidelines’ 111 - NA 66 NA -

OSHA PEL 200 - 1.0 100 2 -
NIOSH REL - - 0.1 100 - -
ACGIH TLV 200 - 10 100 2 -

I

\ Sample volumes expressed in liters of sample air.

Concentrations expressed in parts per million (ppm) of the given analytes.
ND-analyte not detected on sample.
LFL-lowest feasible lavel.
NA-Per the OSHA Model®, no adjustment for unusual work schedule.

? See Appendix III for discuseion on these exposure guidelines.
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Tabkle 7
Results of Area Rir Sampling for Polynuclear Aromatic Hydrocarbons
Yellowstone National Park

HETA 88-320
August 1988

Sample Sample Sample
Location Time Volume' Acenaphthene’ Fluorene® Naphthalene?
Grant Base Camp 0700-1503 483 0.83 1.04 ND
Shoshone Fire, Grant South 1129-1608 276 1.45 ND ND
Shoshone Fire, Grant South 1148-1609 261 1.53 ND ND
Pebble Creek Base Camp 0715-1730 1230 0.89 . 0.65 0.98
Clover Mist Fire, Divieion A 1030-1545 870 0.57 ND ND
Clover Mist Fire, Division B 1115-161% 840 0.95 ND 2.74
Madison Base Camp 0715-1835 1360 0.88 0.29 3.53
North Fork Fire 0920-1525 970 0.93 0.41 2.99
North Fork Fire 1100-1520 520 1.35 0.58 3.27
Proposed Exposure Guidelines® - - 28000
OSHA PEL - - 50000
NIOSH REL - - -
ACGIH TLV - - 52000

' Sample volumes expressed in liters of sample air.
! concentrations expreseed in micrograms per cubic meter of air (ug/m’) of the given analytes.

ND-analyte not detected on sample.
? see Appendx III for discussion on this exposure guideline.
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Vaiable

AgeinYears

YearsasaFire
Fighter

Heal th Hazard Eval uati on Report

Table8
Demographics of Participants
Y dlowstone Nationa Park

HETA 88-320
August 1988
Mean Std Dev Minimum
25.8 5.8 20
31 2.6 <1

No.

88- 320

Maximum

45
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Table9
Number and Percent of Participants Reporting Symptoms
Y ellowstone Nationa Park

HETA 88-320
August 1988

Symptoms Preshift Pogshift Sgnificance

# (%) # (%) of difference!
Headache 7(32) 6 (27) p=0.054
Lightheaded 1(5 4 (18) p=1.000
Tinnitus 0(0) 0(0) p=1.000
Dimvison 0(0) 0(0) p=1.000
Nausea 1(5) 0(0) p=1.000
Weakness 2 (10) 6 (29)? p=0.071
Decreased dertness 2(9 5(23) p=0.043
Impaired coordination 1(5 3(14) p=0.136
Loss of consciousness 0(0) 0(0) p=1.000
Nosg/throat irritation 14 (64) 20 (91) p=1.000
Eyeirritation 10 (46) 20 (91) p=0.481
Cough 12 (55) 15 (68) p=0.172

Two-talled Fisher exact test used for small sample size.
2One respondent did not complete this question.
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Vaiable

All participants
COHB1
COHB2

Basn Crew
COHB1
COHB2

Lassen Crew
COHB1
COHB2

Willamette Crew
COHB1
COHB2

Heal th Hazard Eval uati on Report
Table 10
Carboxyhemoglobin Levels (%)
Y dlowstone National Park
HETA 88-320
August 1988
Mean Std Dev Minimum
(%) (%)
1.86 1.01 5
1.96 1.03 5
2.39 92 15
1.09 .68 5
.76 33 5
2.89 .64 18
2.46 18 2.3
2.06 .78 13

No.

88- 320

Maximum
(%)

4.7

4.7
2.5

12
3.8

2.7
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APPENDIX |

Report to Safety and Hedlth Officer for Y ellowstone Nationa Park
Exposure Incident from Burning of Geotherma Areaby Clover Migt Fire



X

-{C DEPARTMENT OF HEALTH & HUMAN SERVICES Pubiic Health Service

Leniers tor Disease Control
“lat.nnal Institute for
SJecaustional Safety & Heaith

Zoteeet A Taft Laboratories
1670 Cuwming Parkway
Cangangu UH 45226

Au 989
~neTA 88-320

Health and Safety Officer
P.0. Box 527
Yellowstone National Park, Wyoming 82190

On August 18, 1988, the National Institute for Occupational Safety and Health
(NIOSH) conducted an investigation of a geothermal area in the_northeast
region of Yellowstone National Park. This area was burned by the Clover Mist
Fire and was fought by a firefighting crew of 33 males and females. The
geothermal area consisted of white mineral deposits which were believed to
contain large amounts of sulfur. When this area burned, the firefighters
observed brilliant orange, blue, and green flames. The flames were doused by
water from a helicopter “"dip and dump” unit. As soon as the water hit the
fire, a large white cloud was produced that the fire crew described as being
very irritating to the eyes, nose, and mucous membranes. After this incident,
26 members of the"fire crew (21 male and 5 female, 19 were Native Americans}
reported to Mammoth Clinic with the following prevalence of symptoms:
nausea/vomiting (69%), headache (38%), eye irritation (27%), cough (23%),
shortness of breath (19%), and chest pain (19%). No respiratory protection
was used by these crews. The affected firefighters departed from the Park
prior to the arrival of the NIOSH team and were not available for interview or
examination by the NIOSH investigators. The attending physician at Mammoth
Clinic reported his observations and impressions, based on the examinations he
performed on these workers. The patients he examined had more comptaints of
gastrointestinal symptoms than symptoms of mucosal irritation. However, on
physical examination, some patients did show signs of conjunctival injection
or reddened oral or nasal mucosa. Two patients had active coughing which
promptly cleared upon treatment with metaproterenol, an aerosolized
bronchodilator. These symptoms suggest a possible exposure to an airborne
irritant, but the nature of that exposure can not be determined in retrospect.

The next day, NIOSH industrial hygienists hiked to the geothermal area for a
site visit and evaluation. We observed a large plain-like area with white and
yellow minerai deposits that had been burned in several areas. Bulk samples
of the soil and rock were obtained to determine its composition and the
by-products of combustion.

Initial observations pertaining to the regolith's mineralogy were made by
simpte microscopic examination. Each sample was then ground, mixed, and
sieved prior to analysis by polarized light microscopy. Analysis of the
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samples found them to contain sulfur, calcite, gypsum, quartz, orthoclase, and
limonite. To confirm these observations, a portion of the sample was
submitted for qualitative X-ray powder diffraction (XRD) analysis. The
qualitative XRD results confirmed the presence of the previous minerals, and
also identified small quantities of 1ime and hedenbergite in the regolith.
Portions of the bulk samples were also submitted for trace metals analysis by
inductively coupied plasma-atomic emission spectroscopy (ICP-AES). The
portions were pulverized and digested with aqua regia and hydrofluoric acid,
and the residues were dissolved in a ditute solution of nitric and perchloric
acids. Aliquots were injected into the ICP-AES. The limit of detection of
trace metais for this method is 0.01% by weight. The following metals were
found in the samples: aluminum (1.5%), barium (0.112), calcium (0.25%), iron
(3.4%), magnesijum (0.19%), sodium (.62%), phosphorus {0.08%), strontium
(0.03%), titanium (0.43%), and zinc (0.31%).

To determine combustion products, the pulverized rock was heated in a tube
furnace at 500°C and the effluent was sampled with a Tedlar® gas bag, a
charcoal tube, an ORBO 23 sorbent tube, and HpS and chlorine detector

tubes. Sample air from the sampiing bag was qualitatively analyzed for
chemical contaminants with a fourier transform infrared spectrophotometer and
gas chromatography with mass spectroscopic detection. The charcoal tube
sample was desorbed with carbon disulfide and screened for hydrocarbons by GC
with a flame ionization detector (FID). The ORBO 23 sorbent tubes were
desorbed with toluene and analyzed for aldehydes by GC-FID. These analyses
were qualitative {i.e. to determined which compounds were present in the
effluent). Sulfur (molecular Sg) was the major component found in the
effluent, with high levels of sulfur dioxide, hydrogen sulfide, and water also
being present. Low levels of Cg-C7 alkanes, toluene, xylene, and terpenes
were identified, with trace levels of thiophenes, formaldehyde, acetaldehyde,

benzene, and some furans detected in these samples. No detectable levels of
chlorine were found in the effluent.

An experiment was performed on the regolith sample to determine the chemicals
evolved during the burning of the rock and the quenching of the flames. A
large sample of the rock and dirt were ignited and burned with a propane
torch. Orange and green flames were observed during the burning of this
sampie. Detector tubes indicated that large amounts of S0p evolved during
combustion, while trace levels of H»S were also detected. Upon quenching .
the flames with water, a white smoke was produced which was sampled by drawing
air through silica gel tube. The sample was analyzed by ion chromatography
according to NIOSH Method 7903. The sampling and analysis found the white
smoke to contain 13.1 milligrams of sulfuric acid per cubic meter of air
(mg/m3). The OSHA permissible exposure limit (PEL) and the NIOSH

recommended exposure limit for sulfuric acid is 1 mgfm3.

From the above data, we conclude that SOz and HpS were generated when the
mineral deposits in the geothermal area burned, and that high concentrations
of sulfuric acid were produced when these flames were doused with water. Oue
to the proximity of the firefighting crew, it is very likely that the crew
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oembers were exposed to these contaminants., uecause the NIOSH investicators
were not present auring the tire tighting episode in the geothermal area, it
1S not possible to determine the actual airborne concentration to whicrh the
riretighters were exposed. However, based on nur laboratorv cata and the
irritative symptoms reported by tne attemaing physician at Mammoth Clinic, we
Delieve that this tire crew was exposed to the chemical by-products aenerated
when suliur-rich soil and rock purns, such as that found in the ceothermal
areas at Yellowstone National Park. These sulfur-based compounds are known
irritants of the eyes, mucous membranes, and upper respiratory tract.

If we can pe of further assistance please contact either Mr. Ren at (513)
841-4374, or Dr. DGeitchman at (512) 541-4386.

Sincerely vours,

Christopher M, Reh
Industrial Hygienist
Industrial Hygiene Section

Scott D. Deitchman, i1.D., M.P.H.

Medical Officer

Medical Section

Hazard Evaluations and Technical
Assistance £ranch

Division of Surveillance, Hazard
Evaluations and Fleld Studies
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Appendix I

Using the CFK Equation to Adjust the NIOSH REL for CO and to Predict the CO
Exposure Concentration that Resultsin a5% COHb Leve in Forest Fire Fighters
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In the NIOSH document "Criteriafor a Recommended Standard...Occupationa Exposure to Carbon
Monoxide™, NIOSH used the Coburn, Foster, Kane (CFK) equation to develop the NIOSH REL for
CO of 35 ppm, asan 8-hour TWA. Thisisthe exposure leve that would result in a5% COHb level in
workers exposed a sea  level, involved with a sedentary level of work activity, and exposed for 8
hours per day. The CFK equation is:

[COJ that resultsin 5% COHb = 1316{AC - VB + &VB - AD)}
1-a

where:
A = Pcoz + M(O,Hb)
B=(1+D)+(P.+Va)

a= gATVbB

The variables in the above equations were given in the NIOSH criteria document for CO and are
presented below!:

= COHb concentration at time T; 0.01 ml COHb/mI blood (5% COHDb).
= background COHb leve at time=0; 0.0015 ml COHb/mI blood (O.75%).
Veco=  raeof endogenous CO production; 0.007 ml/min.
V= blood volume; 5500 ml.
0,Hb = oxyhemoglobin concentration; 0.2 ml/ml blood.
= ratio of affinity of CO vs. O, to hemoglobin; 218.
T = length of workshift in minutes; 480 minutes.

D = CO diffuson rate through lungs for sedentary leve of activity; 30 ml/min/mm Hg.
V= lung ventilation rate for sedentary leved of activity; 6000 ml/min.
P = dry barometric pressure in the lungsin mm Hg. Inthe NIOSH criteria document,

NIOSH used the standard atmospheric pressure at sealevel minus the pressure of
water vapor at body temperature (760 mm Hg - 47 mm Hg = 713 mm Hg).

Pce =  patid pressure of oxygen in the capillaries; 100 mm Hg.
Many of these variables are constants based on physiologica processes. Some of the variables can be
changed from those used in the NIOSH criteria document to better describe the work environment of
the forest fire fighter. Changes in these variables by the NIOSH investigators can be classified into
three categories: length of workshift, level of work activity, and dtitude.

Length of Workshift (T)
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NIOSH used an 8-hour workshift (480 minutes) in caculating the REL of 35 ppm. Since
forest fire fighters typically work 12-hour shifts per day, the NIOSH investigators used 720
minutesin their calculations.

Leve of Work Activity (D, and V,)

The NIOSH criteria document ligts the variables D, and V,, which were used in the CFK
equation to define level of work activity.> The vaues for these variables represent three levels
of work activity: sedentary, light, and heavy. These variables and vaues are shown below.

Work Activity Level D, Va
Sedentary 30 mli/mi/mmHg 6000 mi/min
Light 40 ml/minymm Hg 18000 mi/min
Heavy 60 ml/minYfmm Hg 30000 ml/min

In calculating the NIOSH REL of 35 ppm, NIOSH used the D, and V,, vauesfor a sedentary
level of work activity.! The NIOSH investigators at the Y ellowstone forest fires contend that
using the values for heavy work activity would be more descriptive of the work. Thus, the
above vaues for aheavy work activity level were used by the NIOSH investigatorsin their
cdculations.

Altitude (B, _and P ;)

The two variables within the CFK equation that are directly affected by dtitude are the dry
barometric pressurein the lungs (P, ) and the partia pressure of oxygen in the capillaries (Pe.qy).
The adjustment of these variables to reflect the effect of dtitude, as related to the CFK
equation, was previoudy discussed in aU.S. Department of Health and Human Services,
Public Hedlth Service intra-agency memorandum.? The following will present the changesin
these variables caused by exposure to CO at altitudes of 5000 and 10000 feet.

P, isthe most obvious variable in the CFK equation that would be effected by dtitude. Inthe
NIOSH criteria document, NIOSH used the standard atmospheric pressure at sealevel minus
the pressure of water vapor at body temperature (760 mm Hg - 47 mm Hg = 713 mm Hg).!
To account for dtitudes other than sealeve, the NIOSH investigator obtained the following
standarrlz(z5 pressures per dtitude from the CRC Handbook of Chemistry and Physics, 66th
Editiorr®:
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Altitude in meters (fest) Standard Pressure in mm Hg
1500 (5000) 634
3000 (10000) 526

In discussing dtitude, Best & Taylor?” state that the partia pressure of water remains the same,
and is only dependent on body temperature. Thus, 47 mm Hg was subtracted from these
vauesto obtainthe P,.

The partid pressure of oxygen in the capillaries (Pc.q,) is directly related to the atmospheric
pressure. From the above intra-agency memorandum?®, P, can be caculated using the
fallowing formula

Pcoo =P x0.21-45

Using the above given vauesfor C, D, Vo, V,, O,Hb, and M; the calculated valuesfor A, B, and &
and the new vauesfor T, V,, D, P., and P..o,, the NIOSH investigators ca culated the maximum CO
expaosure concentrations at 5000 and 10,000 feet which would result in a5% COHb level in most
workers. For forest fire fighters working a 12-hour shift with a heavy level of work activity, and at an
atitude of 5000 feet, the CFK equation predicts that a 5% COHb level will be reached & a CO
expaosure concentration of 23 ppm. For the same leve of work activity, length of workshift, and a an
atitude of 10000 feet, the CFK equation predicts that a 5% COHb level will be reached at a CO

exposure concentration of 17 ppm.
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Appendix 1
OSHA Modd for Adjusting Exposure Limits for Unusua Work Schedules
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The OSHA PEL s were developed for doses imparted by exposures to toxic chemicals during a normal
8-hour workday and norma 40-hour workweek. In developing the PELs, OSHA recognized that
these exposure limits were based on different types of toxic effects, and placed each of the chemicas
into one of the following six work schedule categories. (1A) ceiling limit, (1B) prevention of irritation,
(1C) technologica feasbility limitations, (2) acute toxicity, (3) cumulative toxicity, and (4) acute and
cumulaive toxicity.!” The parameters used by OSHA to develop these categories were primary type
of hedlth effect, biologic hdf-life, feashility of reducing exposure to this compound to aleve lower than
the current OSHA PEL, and the rationde for the limit. Using these categories, OSHA developed a
mode for evaluating exposures (to these substances) during unusua work schedules. From the OSHA
Model?3, which is described in the OSHA Compliance Officer's Field Manua, substancesin
Categories 1A, 1B, and 1C do not require adjustmentsin their respective PEL s when exposure occurs
during long or unusud workshifts. This recommendation is based on the rationae for developing the
PEL, the primary toxic effect associated with exposure to the substances, and/or the feasibility of
reducing exposure to levels lower than the OSHA PEL.

The OSHA Modd provides formulae for assessing exposure to substances in Categories 2, 3, and 4
during unusua work schedules®® For chemica substances considered to have acute toxicity (Category
2, biologic hdf-life less than 12-hours), the OSHA Modd recommends modifying the PEL for
extended workshifts using the following formula

Equivaent PEL = PEL x (8-hours + No. of Hours of Workshift per Day)

The "Equivdent PEL" representsadose leve for the unusua workshift whichwould be no greater thanthe
dose obtained during 8-hours of exposure at the PEL.

For chemicd substances in Category 3 and considered to have a cumuldive toxicity, a different formula
is recommended in the OSHA Model to prevent the cumulative effects of repeated exposure over an
extended workshift. Toxic chemicasin this category have abiologic hadf-life in excess of 12-hours, and
may not be totaly eliminated fromthe body before the worker returns to work for her/his next scheduled
shift. Thus, the OSHA Modd recommends adjusting the PEL according to the following formula

Equivaent PEL = PEL x (40-hours+ No. of Hours of Exposure per Week)

to ensurethat workers exposed to the toxic substance more than 40-hours'week will not devel op abody
burden of that substance in excess of workers working normal 8-hour/day, 40-hour/week schedules.

As previoudy mentioned, substances in Category 4 may be considered as both an acute and cumulative
hedlth hazard. Because of this, the OSHA Moded recommends that when exposure to these substances
exceeds a norma 8-hour/day, 40-hour/week schedule, the PEL should be adjusted usng either of the
above formulag; i.e., whichever provides the greatest level of protection.

I ndiscussing unusua work schedules, the ACGIH stated that whenawork schedule differsfromthe norma
8-hour/day, 40-hour/week, that the ACGIH TLV's should be reduced to account for increased exposure
time. The ACGIH recommends the use of the OSHA Modd to develop these adjusted TLV's, and also
recommends medica supervision during theinitial use of these adjusted TLVs.1®

In interpreting the exposure assessment data presented in this report, "Equivaent PELS' were cdculated
for the chemicds identified in the exposure monitoring. Theseare presented in the datatables as"adjusted
exposure guiddines for forest fire fighters" dong with the respective OSHA PELs, ACGIH TLVs, ad
NIOSH RELs. These adjusted exposure guiddineswere calculated by using the OSHA Modd to adjust
the ACGIH TLV or the OSHA PEL (whichever exposure limit is the more protective of the two) for the



gpecified substance for a 12-hour/day, 72-hour/week work schedule. Belowisatable whichpresentsthe
gpecific toxic substances adjusted for this work schedule, the assigned OSHA category for this toxic
substance, which eva uation criteriawas used for the adjustment (OSHA PEL or ACGIH TLV), and the
adjusted exposure guidelines.

Toxic OSHA Evauation Adjusted Eéfowre
Substance Category* Criteria? Guiddli
Carbon Dioxide 1C TLV=5000 ppm NA
Sulfur Dioxide 1B PEL=2 ppm NA
Nitrogen Dioxide 3 PEL=1 ppm 0.6 ppm
Methyl Acetate 4 PEL =200 ppm 111 ppm
Benzene 1C PEL=1 ppm NA
Toluene 2 PEL =100 ppm 66 ppm
Furfura 1B PEL=2 ppm NA
Naphthaene 4 PEL=50 mg/m? 28 mg/m?

1 - OSHA Work Schedule Category from the OSHA Compliance Officerss  Fidd
Operations Manud .
2 - Adjustments made to either the ACGIH TLV (TLV) or the OSHA PEL (PEL).
3 - NA-no adjustment recommended for substancesin OSHA Categories 1A, 1B, 1C.
ppm-parts per million.
mg/m?-milligrams per cubic meter.

The OSHA PEL and ACGIH TLV for carbon monoxide were not adjusted for length of
workshift/workweek usng the above OSHA Modd. The reason for this is that an adjusted exposure
guideline for carbon monoxide was caculated from the pharmacokinetic modd (CFK equation) that had
been used in developing the NIOSH REL. Also, an adjustment was not made in the OSHA/ACGIH
evauation criteria for formadehyde snce NIOSH considers it to be a potentia human carcinogen and
recommends that exposures be reduced to the lowest feasible level.





