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ABSTRACT

Erionite is a naturally occurring fibrous mineral found in many parts of the world, including the western
United States. Inhalational exposure to erionite fibers in some focalities is associated with health effects
similar to those caused by asbestos exposure, including maliginani friesothelioma. Therefore, there is concern
regarding occupational exposures in the western United States. Currently there are no standard sampling and
analytical methods for airborne erionite fibers, as well as no established occupational exposure limits. Due to
the potential adverse health effects, characteriziny and minimizing exposures is prudent. Crystalline silica
also occurs naturally in areas where eiionite 1s found, principally as the mineral quartz. Work activities
involving rocks containing auartz and soils derived from those rocks can lead to exposure to respirable
crystalline silica (RCS). The typically dry and dusty environment of the western United States can increase
the likelihood of exposures to aerosolized rocks and soils, but inhalation exposure is also possible in more
humid conditions. In this case study, we describe several outdoor occupational environments with potential
exposures to erionite and RCS. We describe our method for evaluating those exposures and demonstrate: (1)
the occuirrence of occupational exposures to airborne erionite and RCS, (2) that the chemical make-up of the
erioriite mineral can be determined, and (3) that effective dust control practices are needed to reduce

employee exposures to these minerals.

Key words


https://crossmark.crossref.org/dialog/?doi=10.1080/15459624.2018.1447116&domain=pdf

Erionite, mineral fiber, mesothelioma



INTRODUCTION

Erionite is a naturally occurring fibrous zeolite mineral, first described by Eakle.®”) Erionite has three different
compositions: Calcium (erionite-Ca), Sodium (erionite-Na), or Potassium (erionite-K) as determined by thz
predominant element.®® During the Cenozoic era, volcanoes in the western United States produced {arge
volumes of glassy silica-rich volcanic ash, which was deposited or washed into alkaline salty-1akes. This
glassy ash was later dissolved by water and recrystallized as zeolites, including erionite:** Etionite was first
described in this type of rock in Nevada and Wyoming and erionite has now been i1centifieda in weathered ash
layers in sedimentary rocks and some volcanic rocks in Washington, Oregorn, Califoinia, Nevada, ldaho, New
Mexico, Colorado, Utah, Arizona, Montana, Wyoming, North Dakota, and Sotth Dakota.®® Some of the
rock formations in the western United States known to contain erionite include the Wagon Bed, White River,
and Arikaree.(”” The Wagon Bed rock formation is located in Wyaming, while the White River and Arikaree
formations are found throughout the Custer-Gallatin National ~orest (CGNF) in Montana and South Dakota,
as well as in Wyoming. The formations in CGNF are believed to be of similar age and occurrence as
formations in the Killdeer Mountains of Nerth Dakota, 75 miles away. Fort Union, a non-erionite bearing

rock formation, is frequently layered just below the Arikaree formation.

When aerosolized and inhaled, erianite fibers have been associated with health effects similar to those
typically seen with expasure to asbestos, including malignant mesothelioma.®*® The International Agency
for Research on Cancer has determined that there is sufficient evidence to classify erionite as carcinogenic to
humans, and that it can cause mesothelioma.*? This determination was made primarily because of extensive
exposure, toxicological, and epidemiological studies of villagers in the Cappadocia region of Turkey.***¥ An
equivaient situation has not yet been identified in the United States. Although case reports suggest the
occurrence of pulmonary fibrosis and mesothelioma among people who live and work in areas of the western
United States or Mexico where erionite occurs, these reports did not provide details of how the minerals were

identified.®>® A study of North Dakota quarry and road workers found a few cases of pleural changes, but



the long-term health implications are unknown."” Nevertheless, because erionite is considered to present

potential risks for cancer and other adverse health effects, it is important to minimize or eliminate exposure.

In contrast to asbestos, erionite mineral fibers do not have established occupational exposure limits (OELS).
The National Institute for Occupational Safety and Health (NIOSH) has established a recommended exjpasiure
limit (REL) for asbestos of 0.1 fibers greater than 5 micrometers (um) in length per cubic centirneter of air
(f/cc). The REL is based on a personal sample collected over any 100-minute period at a flow rate of 4 liters
per minute according to the NIOSH Manual of Analytical Methods 7400. It is known, fiowever, that cancers
can still occur with exposures at or below this limit.*® In 1990, NIOSH revised the REL to include other
elongated mineral particles that meet the same length (> 5 um) and aspect ratio (3:1 length:width) definition
of asbestos, and were collected using NIOSH Method 74003 or equiivalent (g.g., NIOSH Method 7402).1819
The revised definition of airborne asbestos fibers did not explicitly encornpass elongated mineral particles
from other micro-fibrous minerals (e.g., erionite) that are knowri to be associated with health effects similar to
those caused by asbestos.™® Researchers Jurinski and Juriniski proposed a control limit of 0.0007 fibers of
erionite per cubic centimeter of air.?” This limit was based on the theory that employees were non-
occupationally exposed to environmeiiai-erionite throughout their lifetimes. However, non-occupational
exposures typically are not consicered-whern developing OELS, and no regulatory or consensus organization

has adopted this proposed controi limit.

Another mineral frequently found in continental geological environment is quartz, a form of crystalline silica.
Quiartz is the most commion mineral in the Earth’s crust. The same kinds of activities that can aerosolize
erionite can aiso acrosolize crystalline silica. Occupational exposure to airborne respirable crystalline silica
(RCS) has been associated with silicosis, lung cancer, and other airway diseases.*? Several OELs for
airharne RCS have been established. The new Occupational Safety and Health Administration (OSHA)
Permissible Exposure Limit (PEL) for respirable crystalline silica of 0.05 milligrams per cubic meter of air
(mg/m?), averaged over an 8-hour period, was not in effect at the time of our evaluations.®” We compared

our respirable crystalline silica results to the PEL that was in existence at the time. NIOSH recommends an
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exposure limit of 0.053:mg/m?, as a time-weighted average (TWA) for up to a 10-hour work day, to reduce

the risk of developing silicosis, lung cancer, and other adverse health effects.® The American Conference of
Governmental Industrial Hygienists (ACGIH®) Threshold Limit Values (TLV®) for quartz is 0.025:mg/m3,
as an 8-hour TWA.®? It is not known if there are any synergistic or additive effects of combined exposurss to

erionite and RCS.

In 2013 and 2014, two U.S. federal government agencies submitted health hazard evaluation requests to
NIOSH. The requestors were concerned about potential erionite exposures to the agencies’ employees who
work outdoors in areas known or suspected to have erionite. In response to the requests, we evaluated erionite
exposures over four site visits in three states: Wyoming, South Dakota, and Niontana. We evaluated
exposures during tasks involving dirt road maintenance and forestry-activities in lands known or suspected to
have erionite mineral fibers. Because of the widespread occurrence of quartz, we also evaluated potential
exposures to RCS. The site visits took place in October 2012, July 2013, August 2013, and September 2014.
We visited areas near Lander, Wyoming in October 2012 and areas near Worland and Cody, Wyoming in
August 2013. Two visits were made to the CGNF in North Dakota and Montana in July 2013 and September
2014. This paper presents informatior about eriployees’ work tasks, the locations and rock formations where
the task were performed, the sarmpling methodology we used to evaluate airborne concentrations of erionite
and RCS, and our sampling resulis. Qur objectives were to collect air, bulk rock, and soil samples to: (1)
assess employee exposure ta erionite and RCS during work tasks, (2) develop an approach to more accurately
detect and meastire erionite in air samples, and (3) recommend ways to protect employees working in areas

that potentially-have erionite. >

Descripricins of Work Tasks Evaluated
Dirt Road Maintenance

Because of use and weather conditions, dirt roads are susceptible to potholes, ruts, erosion, and poor drainage,

and require regular maintenance. Employees use road bladers/graders to smooth the road surface, fill in
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surface irregularities with loose material and aggregate, and improve water drainage across the road surface.
During road blading/grading, considerable quantities of road dust are aerosolized, particularly when the dirt

roads are dry.

To improve water drainage near roadways and help reduce water erosion of roads following heavy rains,;
metal or plastic culverts are installed below the road, where necessary. Because the culverts fill with-sediment
and other debris, periodic cleaning or replacement is also done. In addition, roadside drainage ditches are also
periodically cleared of obstructions to ensure proper water flow. Backhoes are typically used during these

tasks (Figure 1).
Cattle Guard Replacement

Some of the land is used for cattle grazing, requiring cattle guards to be placed where roads cross fence lines.
A cattle guard is a transverse grid of metal bars placed in a shailow ditch. Employees use a backhoe to dig the
ditches where the guards will be placed (Figure 2). Caitle guaids can become clogged with weeds and brush

and must be cleaned periodically.
Parking Lot and Campground iviainienarice

Agency employees maintain boat iaunches for river access by applying aggregate to parking lots and boat
launch ramps. Aggregaie can be aerosolized as it is dumped and spread onto the ground. Other campground
maintenance activities-inciu:ided using push and riding lawnmowers to cut the grass and operating weed

trimmers.
Tree Thinning and Vegetation Reduction

Tree thinning is a process of removing slower growing or defective trees to create more space between trees
which reduces forest fire risk and the ability of a fire to spread rapidly. Felling is the process of downing

individual trees, while bucking is the process of cutting a felled and de-limbed tree into logs. Excessive



vegetative growth is also cleared using a masticator attached to a Bobcat®. The masticator grinds woody
vegetation into wood chips that are deposited onto the forest floor. The masticator cuts down and grinds up
whole standing trees in a single, continuous process. During mastication activities, the operator remained

inside of the closed vehicle cab of the Bobcat.
Digging Fireline

A fireline is a 6 inch to 3 feet wide break in fuel (e.g., grasses, trees, shrubs) made by cutiing, scraping, or
digging to remove all plant debris to reduce the spread of fires. Firelines can be made by rnechanized

equipment such as bulldozers, but are more commonly made using hand toals (Fiqure 3).
Push Pit Reclamation

An agency employee used a Bobcat to backfill shallow push pits, which had been dug in the late 1950:s and
early 1960::s for uranium exploration, but had not besn refiiled. A different employee spread grass seed on
the newly filled-in pit. Two additional employees meiitored the area for radioactivity and other safety

concerns. We observed the refilling of orie oi these pits.
Geological Rock Evaluation

Agency geologists evaluated the mirieral content of geologic rock formations through microscopic
examination or chemical anaiysis in a laboratory. Prior to analysis, bulk rock samples were mechanically

pulverized. The powdeared rock was poured into a container on a down draft table and then dried.
Spraying Invasive Species

One of the agencies used universal terrain vehicles to search for invasive plant species in pastures off the
main roads. Employees sprayed invasive plants with an herbicide mixture and then with a blue dye to indicate

it had been treated.



Geographic Locations

The October 2012 site visit took place in the Fort Union formation outside of Lander, Wyoming. Although
the Fort Union Formation is not known to have erionite fibers, it is frequently layered underneath the
Arikaree Formation. Because the formations are exposed to weathering, the agencies were concerned that
erionite could have washed down from the Arikaree Formation into the Fort Union Formationwiere tne
employees were grading or blading the road and installing culverts. The August 2013 site vigit tock place in

the Wagon Bed Formation (Figure 4) near Worland and Cody, Wyoming.

The July 2013 and September 2014 visits took place in the following areas: (1)-Slim Buttes, (2) Long Pines,
(3) East Short Pines, and (4) the Ekalaka Hills in the CGNF. All the wark In these areas was done within
outcrops of the Arikaree and White River Rock Formations and-included exposure to soils from those
locations. These locations included the cliffs above the campground at Reva Gap, the Castles area of Slim

Buttes, and the Capitol Rock area of Long Pines.

METHODS

Exposure Assessment

During the October 2012 evaiuaticn in Lander, Wyoming, we took air samples for the duration of dust-
generating tasks. We did not take air samples during the employees’ lengthy commute to and from the
worksite. We colieciad personal breathing zone (PBZ) and area air samples for erionite on 25 millimeter
(mm) mixed ceiluiose ester filters at a flow rate of 1.5 liters per minute. Analysis was done by counting fibers
using phase-contrast microscopy (PCM), according to the NIOSH Method 7400.™® This method estimates

airborne tiber concentration (reported as fibers per cubic centimeter of air), but does not speciate the fibers.

We then used transmission electron microscopy (TEM) with energy dispersive spectroscopy (EDS) and

magnification of 20,000x or greater to analyze the erionite samples according to NIOSH Method 7402,



modified to identify erionite instead of asbestos.® This method incorporates EDS to identify the elemental
composition of fibers. The composition analysis results were then compared to a library of minerals that
included erionite to accurately identify specific mineral fibers. The method also provided the elemental
composition of the fiber and determined the erionite fiber concentration as structures per cubic centimeie: of
air (s/cc). It is difficult to obtain diffraction patterns on zeolites under the electron microscope to ceiifirm their

identity through their crystallography.©”

We attempted to use the criteria outlined by Dogan and Dogan to confirm the preseiice of erionite in the air
samples.®) To confirm erionite using TEM with EDS, Dogan and Dogan recernmended that the fibers have a
magnesium content of < 0.8 atoms per unit cell and a balance error (E%}) ot < 10%. Atomic percentages, not

weight percentages, were recommended when computing the balarica errar formula.
For the analysis of our samples, the E% was determined using the fcllowing formula*:

E% =[(Al+Fe’ )-(Na+K)-2(Ca*rMg)|/[(Na+K)+2(Ca+Mg)]x100 Equation 1.

*Note the “minus 2” in the formula, which was accidentally left out of the published Dogan and Dogan

paper.®®

According to subsequent reseaich, the talance error formula is applicable to erionite crystals from vesicles in
mafic volcanic lavas but werks less well when applied to erionites that have formed in a sedimentary
environment.®"2% Eriorite iri the rock formations in the areas we visited would have formed in a sedimentary
environment; therefore, we determined that the Dogan and Dogan criteria to confirm erionite might not
provide sufficient accuracy for these fibers. Additional limitations, which are beyond the scope of this case

study, are described in Harper et. al.*?"”

For air samples collected during subsequent site visits (July 2013, August 2013 and September 2014), we
developed and used the following methodology to confirm erionite fibers. We continued to use TEM analysis

according to NIOSH method 7402 to identify and visualize the fibers (Figure 5). Fibers having a length



greater than 5::um, and a length to width aspect ratio greater than 3:1 underwent EDS to identify their
chemical composition. Two criteria for confirming a fiber as erionite were: 1) the fiber contained major peaks
of silicon and aluminum and minor peaks of calcium, sodium, or potassium, and 2) bulk rock samples

collected in the area (described in the following section) confirmed that erionite was present.

Erionite in bulk rock and soil samples has been confirmed using x-ray diffraction (XRD) and pclarized light
microscopy (PLM) techniques. Erionite fibers are much more highly concentrated in bulk anad scil sarnples
compared to air samples and extensive databases on minerals such as erionite in sotis and rock formations can
be used to confirm the fibers in these types of samples. Therefore, if we identified a fiber in air with the
proper chemical makeup but without confirmation of erionite in nearby kuik rock, soil, or road aggregate

samples, we would conclude that that fiber in the air sample was rot erionite.

We collected the PBZ RCS air samples on pre-weighed 37:;imm 5-pim pore size polyvinyl chloride filters
with a nylon cyclone at a nominal flow rate of 1.7 liters per minute during the October 2012 visit to Wyoming
and the July 2013 visit to the CGNF. During the visit to the CGNF in September 2014 we collected the RCS
samples using a BGI cyclone at a nominai ficw rate of 4.2 liters per minute. We analyzed all RCS samples
according to NIOSH Method 7500; however, we modified the method by wiping the interior walls of the
filter cassette with the back side of the sample filter to collect particles on the inside of the cassette walls, as

recommended by NIOSH.*%

Bulk Rock and Soil Samiples

In 2013, we callected bulk rock and soil samples in the CGNF to determine if erionite was present in the rock
formations surrounding the areas where the employees worked. Laboratory personnel gently crushed small
amounts of rock or soil samples into a fine powder which was then placed between two glass slides and
mouited in a drop of a 1.40 refractive index oil. All of the bulk rock samples were analyzed by PCM
followed by XRD analysis.®” A few of these samples were also analyzed in different laboratories for

confirmation of erionite by PLM, XRD, and TEM-EDS.
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During the September 2014 visit to the CGNF, we collected 10 bulk soil samples from the specific sites
where employees were working using a bulk sampling method for asbestos developed by the U.S.
Environmental Protection Agency.®" Each of these 10 samples was collected as a composite consisting of a
total of 50 grams (g) of soil from 30 individual sampling points equidistant from each other and
representative of a 1,500-square-foot cell around each worker. We documented the sample collectisii locaticn
within each cell using GPS coordinates. In the laboratory, the sample was homogenized by shaking. From
each sample we split two 10-g portions into different containers; the remaining 303:g of scii was not
analyzed. One 10-g portion was analyzed by PLM according NIOSH Method 9002, but modified to identify
erionite rather than asbestos.® The second 10-g portion was analyzed by XRD. Aoproximately 1:g of the
sample was added to a mortar and ground to a fine powder with a pestie. The ground powder was wet sieved
through a 45-um sieve using 2-propanol, which was then evaporated. Approximately 0.53g of sample
powder was placed into an aluminum sample plate, which was theri slaced in the automated sample changer.
A fast, full range XRD scan of the powder was performad to dztermine the primary sample constituents. Slow
scans for selected regions were then done to confirm ericiite presence. The sample peak identifications were

assigned using the American Mineralogist crystal structure database and Jade 8.0 software.®%

The bulk samples were also anaivzed by a fiuidized bed asbestos segregator (FBAS), which concentrates the
fibers onto a filter. We bleiided 15 aliquots of the soil sample with 19:g of clean sand and mixed them
together. We then placea the soil-sand combination in the glass vessel of the FBAS according to a procedure
developed by J:S. Envirorimental Protection Agency researchers and modified at NIOSH.®%3? Filtered air
was passed through the vibrated sample, and a portion of the outlet air was collected on a 25-mm diameter
mixed-cellulose ester filter in a conductive plastic cassette. We then examined the filter under PCM. We
identified fibers as erionite using their morphology and refractive index, and then counted and measured
them. We calculated an estimate of fiber mass per unit area of filter from the dimensions and the density of

erionite, and converted the result to a mass per gram of soil concentration using the known area of filter and
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the air flows through the sample and filter, and a 1% recovery factor consistent with earlier work on asbestos-

spiked soils.®?

RESULTS AND DISCUSSION

Erionite Air Sampling

Erionite fibers were not found in the PBZ air samples collected in WY in October 2012 and August 2013
during road grading/blading, cattle guard replacement, and dumping of aggregate or iiie hoat !aunch parking
lot. None of the bulk rock samples collected near employees’ work locations coritained eiionite. Only two air
samples contained fibers that met the 3:1 length to width aspect ratio. They weie composed of silicon and
aluminum, but without alkalis or magnesium, and therefore were not considered zeolites. We could not
confirm if erionite from the Arikaree rock formation was washing down into the Fort Union formation. One
air sample, taken while the geologist was grinding rock sambvies in the minerals lab, contained a zeolite fiber.
We were not able to determine if that zeolite fiber was erioriite because the fiber was crushed during the

sample preparation.

Erionite mineral fibers were found i1 the PBZ air samples when employees were working in the Arikaree and
White River rock formations ef the CGNF during our site visits in July 2013 and September 2014. (Table 1)
Erionite concentrations ranged from not detected to 0.36 fibers per cubic centimeter (f/cc). The tasks that
resulted in the highest airbarne erionite concentrations during our July 2013 site visit included operating the
masticator in zast Short Pines (0.36 f/cc), mowing in the Slim Buttes/Reva Gap campground (0.26 f/cc),
digging fireline in Ekalaka Hills with the Pulaski axe (0.11 f/cc), and chainsaw operations in East Short Pines
(0:11 f/cc). We returned to the East Short Pines and the Slim Buttes areas in September 2014 to re-evaluate
fuli-shift exposures during the tasks that previously contributed to the highest airborne mineral fiber

concentrations. The erionite concentrations during our re-evaluation ranged from 0.009-0.096 f/cc. It was
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raining and snowing, which likely reduced airborne dust generated during work activities. Erionite exposures

could be higher in dry weather.
RCS Air Sampling

We collected 4 PBZ RCS samples during our October 2012 evaluation in WY. No cristobalite or tridymite
(less common forms of crystalline silica) were present in the air samples. One employee, operating the
backhoe during ditch clearing, was exposed to a respirable quartz concentration of 0.11% mg/m®, which was
above OSHA PEL, the NIOSH REL, and the ACGIH TLV. The quartz content of this ait sarnple was 50%.
Another employee who operated the backhoe during culvert replacement had a-iespirable quartz exposure of
0.04img/m?®, which exceeded the ACGIH TLV. The quartz content of this sampie was 37%. Although the
backhoe had an enclosed cab, the operator kept the cab door open for rnosi of the time. The assistant to the
backhoe operator during culvert replacement and the road gracer/b!ader operator had exposures below the
minimum quantifiable concentration (0.O4§§§§§§mg/m3). The road grader/blader had an enclosed cab, and the
operator kept the cab door closed most of the time. Sariple times ranged from 286322 minutes and did not
include the 1.5-hour drive to and from thie worksite. We cannot assume zero exposure during that time-period
because the employees were exposen to dust from driving on dirt roads which may have a high silica content.
This suggests that employees’ respirable crystalline silica exposures could be higher at times. During the
August 2013 evaluatior i1 WY we mistakenly sampled the thoracic fraction of dust instead of the respirable

fraction and theretore do not-include those results.

Respirable crystallinz silica was present, but below the minimum quantifiable concentration of 0.03—
0.07::mg/m®, in 30 of the 36 PBZ air samples from July 2013 in the CGNF. RCS was detected in all the PBZ
samples collected on employees digging firelines. RCS was also detected on one of the employees operating a
chainsaw, the masticator operator, and an employee who was stacking logs. RCS concentrations in the
remainder of the PBZ samples were below the minimum detectable concentration of 0.01-0.02;mg/m®,

Quartz was the only form of crystalline silica detected.
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Respirable crystalline silica was not detected in any of the 14 full-shift air samples taken in September 2014
in the CGNF. The minimum detectable concentration ranged from 0.002—0.004:mg/m?>. These samples were
taken while it was raining and snowing, which likely reduced airborne dust generated during work activities.

RCS exposures could be higher in dry weather.
Bulk Rock and Soil Sampling

All bulk rock samples collected in the CGNF in July 2013 when analyzed with PLM contairied fikrous
minerals such as cellulose but predominantly contained erionite. While visual area estimation indicated a
large percentage of erionite, conversion to a weight percentage indicated only aiound 1%. Some of the bulk
rock samples that we collected were compared to reference erionite samples from Rome, Oregon and Karain,
Cappadocia, Turkey. Harper et. al.?” describe some of differences in rorphology and chemical composition
in the erionite that we collected in comparison to the reference sampies. Similar to asbestos, differences in

composition and morphology may have implications for the toxicity of the fiber.

We split each of the bulk soil samples into three separate groups and analyzed each split by PLM,
FBAS/PCM, and XRD. Results are shawn in Table 2. The variability in the analytical results is believed to be
due to method variability. The bulk soit samples that we collected in September 2014 and analyzed by PLM
consisted mostly of particles of calcite, gypsum, quartz, opaque minerals, and cellulose fibers. Most of the
fibers seen (8-10%) wiere ceilulose fibers. The percentage of erionite fibers in the soil samples analyzed by
PLM ranged from inot detectable to approximately 5%. The soil samples collected in the East Short Pines had

the highest percentage of erionite.

The soil sarples analyzed by a fast qualitative XRD scan (5 to 80 two-theta degrees) identified quartz,
clincptilolite (another zeolite that can crystallize in a needle-like or fibrous form, but which is not considered
carcinogenic), alkali feldspar, and calcite. We found zeolites in all samples. In addition, some samples had
lower levels of erionite (Table 2), which required further confirmation with a slow scan below 20 two-theta
degrees so that erionite could be confirmed in the presence of interfering minerals.
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A high purity (80-85%) erionite reference sample was obtained from Rome, Oregon. Two lower
concentration erionite reference samples were prepared from the Rome, Oregon, reference erionite material.
Reference A contained 0.7% erionite, while reference B contained 5.1% erionite. The reference A sample was
created to investigate the limit of detection, while reference B was prepared to investigate the erionite

fingerprint and compare it to the bulk soil samples.

We took photographs of representative erionite fibers seen with PLM and PCM after FBAS concaritration
(Figures 6 and 7). We anticipated the FBAS results would be similar to concentrations seen in the PLM
analysis, but with more precision, because of the similarities of the two methsds (Tai'e 2).%® Erionite
mineral fibers can clearly be seen in both microscopic photographs and can be visually differentiated from

other types of fibers. The erionite fibers are long and thick fibers, with a thick appearance of being in bundles.

CONCLUSIONS

We confirmed the presence of erionite mineral fibers in many of the rock formations throughout the CGNF
and in the soils where employees were working. We also confirmed that several job tasks that took place in
those locations aerosolized dust particles containing erionite and generally low or non-detectable
concentrations of RCS. We did not cortfirm the presence of erionite in bulk rocks or soils during our visits to
sites in Wyoming, and neiie ef the PBZ samples contained erionite. However, quartz was detected and some
of the PBZ RCS sampies frem the Lander, Wyoming area exceeded applicable occupational exposure limits

for silica.

Our sampiing approach for erionite mineral fibers involved the collection of air and soil samples to evaluate
hoin-employee erionite exposures and the mineralogy of the fibers. As noted in the introduction, inhalation
exjpaosure to erionite is associated with mesothelioma, but not lung cancer (unlike asbestos), in three villages
in Turkey, and perhaps one other location in Mexico. Recent work on the toxicity of erionite suggests that the
pathway to disease may differ from that of amphibole asbestos,®” and that specific germline mutations

predisposing to disease may be involved.® This could account for the unusual limitation on the geospatial
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prevalence of erionite-associated disease, which would not be expected given the widespread occurrence of
erionite in rocks and soils of the Western States of the USA and it’s common use in those areas for road-
paving. Erionite is often compared to asbestos, but the toxicity of asbestos is a matter of continued discussion
given the various chemistries and structures of the different amphiboles and chrysotile. Erionite is also suoject
to variation in chemistry and morphology, which is now being intensively researched. In addition, tiie

colocation of minerals such as offretite, another fibrous zeolite, can confound the analysis.

Erionite from the Killdeer Mountains in North Dakota has been tested for toxicity with potentially alarming
results®¥, however a recent re-analysis of the material showed a substantial portion of offietite in the bulk
samples.®® Ballirano and Pacella noted that “the similarity of the biological activity of samples of erionite
from different locations should be supplemented by further tests carried cut on well characterized samples of
erionite of dissimilar composition, as well as offretite.”®” The recent investigation into methods of
characterizing erionite has shown the substantial difficulty involved in analyzing sub-microscopic particles of
zeolites.®”) Subtle differences in chemistry and morphology were observed between erionites in those
samples, and samples from other locations, including Rome, OR; Austin, NV; and Karain, Cappadocia,
Turkey, which may have implications for relative toxicity.*” Therefore, careful characterization of erionite is
a necessity. In addition, a validated sarpiing and analytical method specifically for airborne erionite fibers is

needed.

Even though thereare ne regulatory or consensus standards or occupational exposure limits for airborne
erionite fibers, ttie Maticnal Toxicology Program has designated erionite to be a known human carcinogen.®®
As sucn,ivilnimizing erionite exposures during dust-generating activities is prudent and characterizing
potentially hazardous exposures until an evidence-based OEL is developed remains a necessity. In addition, it
has been suggested that genetic factors may contribute to the susceptibility of certain individuals and
therefore even low dose exposures to erionite could potentially be harmful.®® Controlling dust exposures to

erionite will also be effective in reducing silica exposures.
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Following the hierarchy of controls, eliminating or substituting hazardous processes or materials reduces
hazards and protects employees more effectively than other approaches. Aggregate containing erionite has
been used to construct dirt roads, therefore even if the surrounding rock does not contain erionite, exposures
may still occur if the road has been constructed with erionite-bearing aggregate.(“o) We recommend against

using aggregate known or suspected to contain erionite to build or repair roads.

Engineering controls protect employees effectively without placing primary responsibility of implementation
on the employee. Although Carbone et. al.** found no difference in erionite conceritraiion whether cars were
driven with windows open or closed, we recommend that employees working-irn areas kiown or suspected to
have erionite containing rock formations keep the windows and doors tothe eguipinent operators’ cabs closed
when operating equipment or driving down dirt roads and maintair equipment air filters as recommended by
the equipment manufacturers. We also recommend that the gaskeis and seals surrounding the operators’ cabs
be changed when signs of age (cracking or wear) or damage occur. Air intake filters should have a Minimum
Efficiency Reporting Value (MERV) of 16 and should be part of a powered, pressurized system. The
enclosed cab should have the structural integrity to achieve pressurization. The recommended flow rate is 40—
140 cubic feet per minute. The filtration efiiciency of the recirculation filter should be between a MERV-14

and MERV-16 filter at a flow rate 6f 200300 cubic feet per minute.“?

Administrative controlsare usad to ieduce or prevent hazardous exposures. Employees working in areas
known or suspected {0 have guartz- or erionite-containing rock formations should be educated on the health
effects and hazards of RCS and the potential health effects of erionite. They should also be trained on which
rock formations typically contain quartz or erionite and which tasks are most likely to expose them to RCS or
ericnite fibers when carried out in those rock formations. They should also be informed about using dust
contiol techniques, including scheduling tasks that generate the most dust on rainy days or when the soil is

damp.
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Personal protective equipment may be used until effective engineering and administrative controls are in
place. We recommend that employees be provided with clothes and boots that are solely designated for work
activities, and that employees not be permitted to wash work clothes at home. Employees who have been
working in dusty areas should change into clean clothing before leaving the worksite. Protective clothirigand
other equipment (chaps, hard hats, and tools) should be washed regularly to remove dust, dirt, and aiher

contaminants.

LIMITATIONS

Limitations of our evaluations include the small number of workers, the limited i ber of site visits, and the
lack of standardized sampling and analytical methods for erionite. We know that erionite is present in many
more locations and rock formations than the three we evaluated here. Despite these limitations, we have
demonstrated that erionite exposures are occurring in the United States and that the combination of air and

bulk soil sampling can be used to quantify employee exposure.
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Table 1. Task-based PBZ air sample results in the CGNF by location and activity

Location: Activity (Number of o Sample duration Sampling
employees sampled) Erionite (f/cc) (minutes) date

Slim Buttes/Reva Gap: campground maintenance

Felling and bucking (11 employees) Not detected*—0.056 155-233 July 2013 |
Mowing (5 employees) 0.012-0.26 54-290 July 2013 |
Mowing (3 employees) 0.0010-0.0020 296-298 Sept 2015
Seeding push pit (2 employees) 0.0050 and 0.0060 595 and 597 Seot 2014
Safety at push pit (2 employees) 0.0030 and 0.0040 564 and 569 { Sept 2014
Bobcat operator (1 employee) 0.009 585 | Sept 2014
Long Pines: Universal terrain vehicle operation ___i

Operator and assistant (4 employees) 0.0077-0.015 302-336 July 2013
East Short Pines: thinning, bucking, felling, mastication

Chainsaw operation (6 employees) 0.024-0.11 } 141225 July 2013
Chainsaw operation (4 employees) 0.012-0.09¢ i - 516-522 Sept 2014
Masticator (1 employee) 036 213 July 2013
Masticator (1 employee) 0015 501 Sept 2014
Log stacker (1 employee) 0.061 214 July 2013
Skid loading (1 employee) T 0.078 164 July 2013
Driving (1 employee) ; 0013 496 Sept 2014
Ekalaka Hills (Digging firelire)

Pulaski axef (2 employees) - 0.025 and 0.11 204 and 206 July 2013
Combi shovel 1 (2 employecs) 0.081 and 0.026 203 and 321 July 2013
Rogue hoet (2 employees) 0.016 and 0.057 218 and 324 July 2013
McLeod rakef (1 employee) 0.0081 320 July 2013

*Not detected nieans no fibers were seen after counting 100 TEM grids.

+These are the names of the tools that the employees used while digging fireline.
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Table 2. Erionite soil sample results, September 2014

Task Description Latitude Longitude Elevation (feet) | PLM erionite (%) | FBAS/PCM erionite (%) XRD erionite (%)
East Short Pines

Masticating 45°22.629: 1 103°43.366 3915 5 5.1 10
Masticating 45°22.710: 1 103°42.906: 3986 3 3.9 16
Sawing 45°22.612 103°43.1687 3946 <1 1.0 5
Masticating 45°22.683 103°42.6307 3940 <1 1.3 A 1
Sawing 45°22.6187 ] 103°43.1957 4051 <1 1.4 4|___ 2
Slim Buttes

Mowing 45°31.5597] 103°10.7147) 3301 2 257 J I 6
Mowing 45°31.684 103°10.6137} 3342 3 424 6—_l 7
Mowing 45°31.887: 1 103°10.711 3299 ND* 01 4
Mowing 45°31.852 ] 103°10.7197} 3347 ND \0+"/ 7
Push pit 45°34.9657 1 103°11.9187 3632 ND .~ ND 4

*ND means not detectable.
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Figure 1. Backhoe in use during culvert replacement.
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Figure 2. Cattle guard replacement.
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Figure 3. Employees using hand tools to dig fireline.
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Figure 4. The topmost white layer of the Wagon Bed formation could potentially contain erionite. Photo of

Hawkes Butte, near Worland, Wyoming.
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Figure 6. Photograph collected using Polarized Light Microscopy.
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Figure 7. Photograph collected using Phase Contrast Microscopy after Fluidized Bed Asbestos Segregator

concentration.
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