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Western Mineral Products/W. R. Grace operated a vermiculite plant in a mixed industrial/
residential area of northeast Minneapolis from 1936 to 1989. The plant processed vermiculite
ore contaminated with amphibole asbestos from a mine in Libby, MT. Air monitoring in the early
1970s found fiber concentrations in excess of 10 fibers per cubic centimeter of air (f/cc), indicating
that worker exposure to asbestos was occasionally 100 times the current occupational standard.
Residents of the surrounding community also had direct contact with vermiculite processing
wastes (containing up to 10% amphibole asbestos) that were made freely available. Children
played on waste piles and neighborhood residents hauled the wastes away for home use. In total,
259 contaminated residential properties have been found to date. Reported emission factors and
plant process data were used as inputs to model airborne emissions from the plant over several
operating scenarios using the U.S. Environmental Protection Agency (EPA) ISC-Prime model.
Results estimate short-term air concentrations of asbestos fibers in residential areas nearest
the plant may have at times exceeded current occupational standards. Exposure estimates for
other pathways were derived primarily from assessments done in Libby by the U.S. EPA. The
Northeast Minneapolis Community Vermiculite Investigation (NMCVI) was conducted by the
Minnesota Department of Health to identify and characterize the exposures of a cohort of over
6000 people who live or lived in Northeast Minneapolis and may have been exposed to asbestos.
This cohort is now being investigated in a respiratory health screening study conducted by the
University of Minnesota and the Minnesota Department of Health.

The Western Mineral Products/W. R. Grace vermiculite pro-
cessing plant, located at 1720 Madison Street NE in Minneapo-
lis, MN, operated from approximately 1936 to 1989. In 1963
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W. R. Grace & Company took over the plant, and at the same
time purchased the vermiculite mine and associated processing
facilities in Libby, MT. The plant produced vermiculite prod-
ucts from ore mined and processed in Libby through the use
of two expansion furnaces, which heated the ore to approx-
imately 2000◦F. W. R. Grace documents indicate that while
it operated, the plant processed over 138,000 tons of vermi-
culite ore (Table 1). Because records are incomplete, the ac-
tual amount could have been higher. The raw vermiculite ore
mined in Libby was contaminated with amphibole asbestos
of the actinolite–tremolite–winchite–richterite mineral series
(hereinafter “Libby asbestos”) at concentrations of up to 25% or
more (Meeker et al., 2003; MDH, 2001). Actual concentrations
in the ore shipped to the various expansion plants across the
country were probably lower due to the processing of the ore in
Libby prior to shipment, ranging from <1 % to 7% in the vari-
ous grades of ore (U.S. EPA, 2000). The ore was usually shipped
by rail.

941



942 J. KELLY ET AL.

TABLE 1
Vermiculite ore shipments from Libby, MT, to 1720 Madison

Street NE, Minneapolis, MN, 1958–1988

Grade of ore

0 1 2 3 4 Total

Tons shipped 6500 47,613 21,139 57,249 6409 138,910
Estimated percent (unknown) 4–6% 4–7% 2–4% 0.3–1% 3.89a

Libby asbestos

Note. Data were obtained from W. R. Grace records as described in
MDH (2001).

aWeighted overall percent using mean values, 1958–1988.

EXPOSURE DATA SOURCES AND RESULTS

Exposure Pathways
MDH has identified primary exposure routes to Libby as-

bestos fibers from contaminated vermiculite wastes or products
from the plant (MDH, 2001, 2003):

• Occupational exposure of former workers at the plant
(Table 2) and the subsequent exposure of their families.

• Inhalation of Libby asbestos fibers released from fur-
nace stacks and fugitive dust emissions (Table 3).

• Children playing in or adults handling vermiculite pro-
cessing wastes dumped in piles outside the plant for
community use (Table 4).

• Exposure to asbestos fibers from the disturbance of
waste materials used at residential properties for a va-
riety of purposes (Table 4).

• Disturbance of vermiculite insulation (Table 4).

TABLE 2
W. R. Grace industrial hygiene data for 1720 Madison Street

NE, Minneapolis, circa 1970s

Work activity/sample location Fibers/cc

Personal air samples
Furnace operator/bagger 0.15–3.02 (TWAa)
Monokote bagger 0.15–2.50 (TWAa)
Sweeping 8.84
Bag stitching, Monokote 9.50
Cleaning baghouse filter 11.40
Bagging Monokote 5.26

General air samples
Furnace room general air sample 0.15–15.2
Stoner Rock discharge area 0.14–20.61
Employee lunchroom general air sample 0.10–3.03
Bagging stations general air sample 5.4
At open door to ore storage bins 57.57

Note. Data were obtained from W. R. Grace records as described in
MDH (2003).

aTime-weighted average.

TABLE 3
Estimated maximum ambient long-term average and 1-h air

concentrations of Libby asbestos at 1720 Madison Street NE,
Minneapolis, nomimal f/cc

Percent
Modeling Maximum long-term Maximum 1-h fugitive
scenario concentration, f/cc concentration, f/cc emissions

1936–1972 0.026 0.89 2
1972–1989 0.0027 0.19 28
1989–1999 0.00038 0.029 100
1999–2001 0.00013 0.010 100

This report estimates potential community exposures to Libby
asbestos fibers through the already described exposure path-
ways. It is based on information provided by W. R. Grace, an
air modeling study of past plant emissions, complaint records
from the City of Minneapolis, and work conducted by the U.S.
Environmental Protection Agency (EPA) and the Agency for
Toxic Substances and Disease Registry (ATSDR) in Libby, MT
(MDH, 2001, 2003; Peipins et al., 2003; Weis 2001a, 2001b).

Industrial Hygiene Data
Based on industrial hygiene data collected by W. R. Grace,

exposure to Libby asbestos among workers at the former plant
was high (MDH, 2003). Fiber counts in excess of 10 fibers per
cubic centimeter of air (f/cc) were found in the early 1970s,
and fiber counts in short-term personal air samples exceeding
5 f/cc for furnace operators were observed as late as 1978 (MDH,
2003). Industrial hygiene data from the 1970s (primarily short–
term air samples, analyzed by phase-contrast light microscopy)
for selected work activities are presented in Table 2. It must
be noted that the plant also used commercial (chrysotile) as-
bestos in some of its products, so presumably not all of the

TABLE 4
Community exposure estimates

Exposure
concentration, Exposure

Exposure route f/cc duration

Waste piles, childhood exposure 1.66 Per event
(playing in piles)

Disturbance of vermiculite insulation 0.57 Per event
Residential properties, disturbance 0.23 Per event

of yards and gardens
Waste piles, adult exposure handling 0.11 Per event

of waste from piles)
Residential properties, disturbance of 0.001 Long-term

driveways and alleys

Note. Exposure estimates were derived from U.S.EPA measurements
in Libby, MT, as described in Weis (2001a, 2001b).
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fibers detected in the air samples were Libby (amphibole) as-
bestos. Exposures during some work activities were similar to
those estimated at the Libby mine and processing facilities by
Amandus et al. (1997). These exposures are well in excess of the
current federal Occupational Safety and Health Administration
(OSHA) permissable exposure limit (PEL) for asbestos of 0.1
f/cc. Exposures to Libby asbestos in worker household contacts
would have likely occurred whenever employees carried Libby
asbestos containing dust home on clothing, but these exposures
are difficult to estimate.

Air Emissions
During plant operation, Libby asbestos was emitted from the

two vermiculite expansion furnace stacks and from a product
mixing operation vent stack. It was also released from fugitive
dusts generated during the unloading of ore from rail cars, from
handling of the ore, loading of vermiculite products, and dis-
turbance of waste piles. While the plant was in operation, the
City of Minneapolis received numerous complaints from area
residents regarding dust and other emissions. The following are
excerpts from City of Minneapolis complaint records:

• August 1960: “Dust is terrible—settles on everything.
Considerable dust had settled on sidewalk and collected
in curb in street. Visible dust up to two blocks down
wind.”

• May 1969: “Dust . . . coats screens and windows. Even
gets in through windows and gets on pillows, etc.”

• July 1970: “Noticed emissions come out so thick it
looks like snow, comes into the house and makes the
furniture white, is very gritty, permeates everything.”

• January 1974: “Light dust coming from plant, settling
on cars.”

At the request of MDH, the Minnesota Pollution Control
Agency (MPCA) estimated ambient air fiber concentrations us-
ing the U.S. EPA ISC-Prime air dispersion model. Details of the
study are provided in MDH (2003). Input data for the model
were developed from W. R. Grace documents, MPCA air permit
records, and assumptions made about plant operations. Several
different operating scenarios at the site were modeled so that
more accurate estimates of stack and fugitive dust emissions
could be generated for different time periods. The operating
scenarios were as follows:

• 1936–1972: Start of operation to installation of bag-
house filters in 1972.

• 1972–1989: Postinstallation of baghouse filters to plant
shutdown in 1989.

• 1989–1999: Postplant shutdown fugitive dust emis-
sions.

• 1999–2001: Postexpansion of an adjacent building that
covered a major source of fugitive dust emissions to
cleanup of the site by U.S. EPA in 2001.

The last two modeling scenarios estimate emissions solely
from fugitive dust generation. While W. R. Grace performed
cleanup of the inside of the facility prior to selling it in 1989,
little cleanup of the grounds was done and extensive Libby as-
bestos contamination remained in nonpaved areas (MDH, 2001).
Residential properties near the plant that had become contami-
nated from the use of Libby asbestos containing waste materials
were included as separate sources of fugitive fiber emissions.
Maximum short- and long-term estimates (generally at the site
itself, near the emission points) predicted by the model in nom-
inal fibers per cubic centimeter for each modeling scenario are
shown in Table 3. The estimated long-term air concentrations for
the first modeling scenario (1936–1972) are shown in Figure 1.

There are many sources of uncertainty in the model; however,
it represents the best available tool for estimating the extent of
past emissions of Libby asbestos fibers from the site. Sources of
uncertainty include (1) applicability of the meteorological data
used for the model, (2) reliability of W. R. Grace historical in-
formation, (3) variability in the Libby asbestos concentration in
the vermiculite ore received from Libby, and (4) assumptions
made regarding the generation of fugitive dusts, including the
applicability of the model with regard to fiber dispersion ver-
sus particulate dispersion, and the mass conversion of particles
to fibers. For modeling purposes, it was assumed that 1 mg of
particulates contained 3.3 × 107 asbestos fibers, based on previ-
ous U.S. EPA estimates (MDH, 2003). As a result, the numeric
estimates of fiber concentrations in ambient air are likely less
reliable than other estimates in this report—except for areas rel-
atively close to the emission points. The estimates are best used
for relative comparison of potential exposures within the mod-
eled area, as opposed to absolute comparison against a given air
quality criterion. The model output should be considered as the
“best central estimate” of the actual value with relatively large
but not easily quantifiable error bars (MDH, 2003).

Waste Handling and Dispersion
Until at least the late 1970s or early 1980s, the Minneapolis

W. R. Grace facility was known to dispose of vermiculite pro-
cessing wastes by dumping them in a pile just outside the plant
and posting a sign indicating it was free for the taking. According
to W. R. Grace records, the processing wastes contained between
2% and 10% friable Libby asbestos (MDH, 2001). Local resi-
dents reported that they played in the waste piles repeatedly as
children, and that adults took the wastes home for use as fill, for
landscaping, and for other yard and garden uses. Exposures dur-
ing these activities could have been significant, in excess of 1 f/cc
during the events (Table 4). Lower level exposures occurred from
contact with the asbestos contaminated waste materials in yards,
gardens, and driveway surfaces where the waste was hauled. In
total, 259 contaminated residential properties have been identi-
fied to date. These properties have been addressed through an
emergency removal action conducted by the U.S. EPA, start-
ing in 2001 and continuing today. The contaminated properties
were identified as a result of the visual inspection of over 1600
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FIG. 1. Nominal long-term air concentrations, 1936–1972, in f/cc. Isopleths were generated with the U.S.EPA ISC-Prime air
dispersion model using inputs described in MDH (2003). Base maps are 1993 USGS 7.5-minute topographic maps for Minneapolis,
New Brighton, and St. Paul.
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FIG. 2. Location of 247 impacted residential properties identified by U.S.EPA, located in the vicinity of the former W. R.
Grace/Western Mineral Products Plant at 1720 Madison Street NE, Minneapolis. Rectangular area represents the boundaries of the
Northeast Minneapolis Community Vermiculite Investigation (NMCVI) study area. Base map and property location information
provided by the city of Minneapolis.
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properties in the area by U.S. EPA, MPCA, and MDH personnel.
Contamination was indicated in exposed soil by the presence of
flakes of vermiculite ore and Libby asbestos fiber bundles that
resembled grains of rice, and was verified by analysis of soil
samples by U.S. EPA using polarized light microscopy (PLM)
and transmission electron microscopy (TEM). The locations of
247 properties in Northeast Minneapolis that were closest to the
plant are shown in Figure 2. Note that several properties that
were located further away from the plant (as much as 10 miles
distant) are not shown.

Community exposures to Libby asbestos could also have oc-
curred from the use or disturbance of vermiculite insulation,
one of the main products of the W. R. Grace facility. The U.S.
EPA has conducted studies of the potential exposure to Libby
asbestos from the disturbance of vermiculite insulation in en-
closed spaces, which produced the exposure estimate shown in
Table 4 (Weis, 2001b).

Estimates of the potential exposures to Libby asbestos from
the exposure routes already described are presented in Tables 2–
4. The estimates were derived from W. R. Grace industrial
hygiene data, from the air dispersion model described above
(MDH, 2003), and from exposure estimates generated by simu-
lations conducted by the U.S. EPA in Libby, MT (Weis, 2001a,
2001b). For instance, the estimates of exposure to airborne Libby
asbestos from playing in or handling wastes from the piles of
processing wastes were derived from simulation studies using
similar vermiculite processing waste piles at the former W. R.
Grace ore processing facilities in Libby, MT.

DISCUSSION AND CONCLUSIONS
The estimates indicate that while occupational exposures

were the most severe, community exposures from ambient air
and from handling or disturbing wastes may also have been
significant. Estimated long-term exposures to Libby asbestos
in ambient air were sometimes elevated at locations closest to
the plant. People at these locations may also have been ex-
posed from contact with vermiculite processing wastes, creat-
ing multiple exposure pathways for residents at these locations
(Figures 1 and 2).

Exposure to Libby asbestos among miners and millers in
Libby has been associated with an increase in mortality from
lung cancer and asbestosis (Amandus & Wheeler, 1987). Oc-
cupational exposures in workers at the Minneapolis expansion
plant were similar to some job classifications in Libby. Asbesto-
sis has been documented as a result of relatively short-term ex-
posure to Libby asbestos in a California vermiculite expansion
plant worker (Wright et al., 2002), and in a worker whose only
exposure was to finished vermiculite used as a packing material
(Howard, 2003). An increased risk of pleural abnormalities has
also been observed in the Libby community, and the risk in-
creases with increasing number of reported exposure pathways
to Libby asbestos (Peipins et al., 2003). A case of asbestosis and

lung cancer was also reported in a 44-yr-old man whose only
known exposure to Libby asbestos was living near a vermiculite
expansion plant during childhood (Srebro & Roggli, 1994). Ex-
posure pathways in Libby that parallel reports by neighbors
of the Minneapolis plant include playing in piles of vermi-
culite wastes, other recreational activities involving vermiculite
or vermiculite wastes, and using vermiculite wastes around the
home.

These exposure estimates were intended to help facilitate
the evaluation of potential exposures and the communica-
tion of health recommendations to study participants in the
Northeast Minneapolis Community Vermiculite Investigation
(NMCVI). With support from the federal ATSDR, MDH con-
ducted the NMCVI to (1) assess potential exposures to Libby
asbestos fibers from the plant and (2) develop a cohort of po-
tentially exposed persons, which to date numbers over 6000
people who live or lived in the northeast Minneapolis neigh-
borhood around the plant (MDH, 2006). The University of
Minnesota, in collaboration with MDH, is currently planning a
respiratory health screening study that will enroll approximately
600 NMCVI participants.
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