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FOREWORD

This document s an exposure assecsment for asbestos-contamtnated
vermiculite, develoged for the U.S. Envircnmental Protection Agency
(EPA), Office of Toxic Substances (OTS). It reviews the available
exposure data for asbestos in vermiculite, and estimates asbestos
exposures to workers and consumers who come into contact with
asbestos-contaminated vermiculite.

OTS has long been concerned about human exposure to asbestes. OTS
became interested in asbestos-contaminated vermiculite as a result of its
concern for exposure to asbestos.

Information for the exposure assessment was sought through a
Viterature search, discussions with U.S. Government requlatory agencies,
discussions with a consultant to the vermiculite indystry, and a limited
ashestos sampling and analysis study conducted for £PA at several stites
working in the vermiculite industry. Many information gaps exist in this
exposure assessment. As of its writing, however, this repert is believed
to represent the most up-to-date attempt at characteri:ing human
exposures to asbestos in asbestos-contaminated vermiculite.

Niakedf. Glode

HMichael A. Callahan, Chief
Exposure Assessment Branch
Exposure Evaiuation Division (TS-798)
Office of Toxic Substances
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1. EXECUTIVE SUMMARY .

vermiculite s a micaceous hydrate of magnesium, iron, aluminum, and
s11ica. It often coexists in nature with asbestifarm minerals, and the
asbestos may remain as a contaminant thrcugh processing to end use. The
ma)or processing step, exfoltation, involves heating the mineral to drive
of f part of the nydration water; this produces small, lightweight,
lo-density pieces. Most vermiculite products use the exfoliated mineral
and fall into cne of three categories: lightweight aggregates,
insulation, and horticultural and agricultural products.

Exposure to vermiculite contaminatec witn asbestos occurs via
inhalation; ingestion and dermal absorption are !nsignificant routas of
exposure. Vermiculite is released to the air du-ing mining, milling,
exfoliation, transport, and use. These relezses ilso involve release of
asbestos fibers, which are readily transporred tnrough the atmosptrere.
Exposure to asbestes-contaminated vermiculite 1s an occupational and
consumer concern, and occurs via ambient air near point sources.

Occupational asbestos exposure ievels may reach 1.9 f/cc in mining,
9.7 t/cc in beneficiation, and 0.38 f/cc ‘n evfoitation. These expcsures
affect a relatively small population of abcut 2,400 people. A much
larger numher of persons may encounter asbestos during tracz or
commercial use of vermiculite products, but are exnected to receive lower
exposure.

A large number of consumers use vermiculite products that may be
contaminated with asbestos. Over 74 million perscns use lawn and garden
fertilizers each year. If the fertilizer is vermiculite-based, estimated
exposure levels of 4.4 ﬁg/m3 and 28 ug/m3 could result from lawn
treatment and gardening, respectively. A time-welghted average exposure
level of 6800 pg/m3 asbestus is estimated for consumers insulating
their attics with loose-fiii vermiculite; this could affect 158,00C
persons per year., These estimated consumer exposures are based orn the
worst-case assumption tinat vermicuiite contains 1 percent asbestos.

A larges population is exposed to asbestos in ambient air neir
vermiculite point sources. Approximately 13 million persons are
estimated to 1ive near exfoliatlo. plants, and their asbestos exposure
Tevel may reach 0.025 ug/m3. A smaller number of perscns 1ivz near
mires and mills and receive an unknown asbestos exposure.

This exposure assessment represents the best possible estimate cf
exposure to asbestoes ficm vermiculite. Many of the scenarios are based
upon very broad assumptions since definitive data are lacking in many

areas.



2. = INTROUUCTION

2.1 Background

Vermiculite s a micaceous mineral, a hydrate cf magnesium, 1ron,
aluminum, and silica. The raw ore, when heated, expands (exfoliates) to -
form low-density pieces. Exfoliated vermiculite is used primarily in
lightweight concrete aggregates (21.4 percent of total production), as an
aggrecate and for fireproofing in construction premises (11.3 percent),
as locse-f111 or block-fi11 insulation (13.9 and 15.9 percent,
respectiveiy), for horticultural uses (13.2 percent), and as a carrier
for agricyltural chemicals (15.4 percent) (JRB 1982). Crude
(unexfoliated) vermiculite is used in gypsum wallboard (6.7 percent}) and
has numerous minor uses (JRB 1982).

Vermiculite has been mined in the United States since 1923; four
mining sites are currently in operatton. W.R. Grace and Company, the
largest domestic supplier and user of vermiculite, acknowledged in 1971
the presence of asbestos contamination in the ore mined at their Lidby,
Montana facility. Even after the ore was processed to remove impurities
{beneficiated), some amphibole asbestos was detected in the vermiculite
(USEPA 1980a).

The Libby ore was used for some years by the O.M. Scott an¢ Sons
Company in their manufacture of agricultural chemicals. In 1578, O.M.
Scott and Sons reported health problems experienced by employees invelved
ia vermicuiite processing. Biocody pleural effusions had been detected in
4 of 350 workers; a follow-up study by the Occupational Safety and Health
Admintstration (OSHA) found 32 cases of pleural or interstitiai
abnorrlities. The nature of these Y1lnesses was similar to conditions
seen i1n individuals with ashestos-related diseases (USEPA 1980a).

Thase findings led to a Priority Review Level 1 study (PRL-1),
performed by EPA's Assessment Division §n 1980. The PRL-1 preliminary
exposure assessment identified numerous data gaps that could be fiiled
only by an intensive monitoring effort.

This monitoring effort was begun under the direction of the Exposure
Evaluation Division of EPA in late 1380. It was designed to determine
the degree and type of asbestos contdmination found in vermiculite from
various sources and ‘n various states of processing. The scope of the
monitorirg study was altered after a priority shift within EPA. Most of
the samples were taken from vermiculite mining and miliing operaticns.
with a few sampies tiken from vermiculite exfollation (MRI 1982).

Preceding page blank 3



This exposurz assessment addresses the data found in vermiculite
industry records, the inforwation in the PRL-1, the monitoring data
obtained by EPA, and other sources to provide an estimate of the extent
of exposure tc ashestos frem mining, processing, and use of
asbestos-contaminated vermicuiite. The assessment will provide
Information for any future estimation of risk and for subsequent
regulatory action.

2.2 Scope of Work

The objective of this task is to prepare 2 comprehensive assessment
of the exposure of asbestos-contaminated vermiculite to humans through
occupational, consumer, and ambient-related pathways. The exposure
assessment covers five major components: sources, environmental pathways
and fate, population stucies, menitoring and modeling of environmental
conceatrations, and integrated exposure analysis.

Section 3, General Informatton, explains the geology, mineralogy, and
physical and chemical properties of vermiculite. Section 4 is a summary
of sources of asbestos-contaminated vermiculite; it is based upon a
materials balance (JRB 1982). Environmental pathways and environmental
fate are addressed in Sectien 5. Section &, Monitoring and Modeling,
discusses data from an OSHA survey and from EPA-sponsored monitoring (MRI
1982), as well as estimates of environmental concentrations prepared by
Versar, EPA's Chemical fate Branch, and General Software Corpsration.
Populations exposed to asbestos from vermiculite are identified and
enumerated in Section 7: this section includes workers, consumers, and
residents exposed via the ambient environment. The avaiiable
concentration estimates, monitoring data, and population figures are
integrated in the exposure anaiysis (Sectior 8V,

In the absence of data, many assumptions were made in estimating
releases, levels of exposure, and exposed populaticns. Most assumpticns
were designed to provide estimates of exposure in plausible worst-case
scenarlos, and all such assumptions are fully explained in the text of
this report. It should be noted that no effort has been made to estimate
the proportion of asbestos-contaminated vermiculite to which peopie are
exposed. Monitoring data (Chatfield and Lewts 1979) indicate that not
all vermiculite is contaminated with asbestcs; however, the exposure
calculations and population estimates of numbers assume that al}
vermiculite mined and used in the United States is contaminated with

asbestos.



3. GENERAL INFORMATION

The following secttions present background information on the
mineralogy, geological occurrence, and properties of vermiculite.
Section 3.1 deals with the mineralogical characteristics of importance to
vermiculite. Section 3.2 discusses the geology of vermiculite, and
explains the coextstence of vermiculite and asbestos minerals in ore
bodies. Section 3.3 briefly summarizes the physical and chemtcal

properties of vermiculite, with emphasis on the beneficiated, exfoliated
mineral,

3.1 Mineralogy of Vermiculite

The first report of vermiculite was made in 1824 for a deposit near
Worchester, Massachusetts (Bureac of Mipes 1980). Although some small
scale mining and use occurred in the early 20th century, it wis not until
1921 that the modern vermiculite industry was staried with the opening of
the Zonalite Corporation mine near Libby, Hontana (Bureau of Mines 1980).

Vermiculite 1s unique among minerals in 1ts ahility to exfoliate when
heated. Exfoliation is the separation of successive sheets or laminae _
from a masstve rock during weathering or other physicochemical processes
(Myers 1960). 1In 1ts natural state, vermicylite has a perfect basal
cleavage and s easily spiit into laminae. It 4s a soft mineral
(hardness varies from 1.5 to 2 or more), has a feel Yike talc, and is
sometimes soapy when wetted (Myers 1960). Exfoliation from heating
results in expansion at right angles to the cleavage planes, ard is
accompanied by an increase in volume of 800 to 1,200 percent (Myers
1960). Vermiculite can also be exfoliated by chemica) processes, such as
soaking in hydrogen peroxide, weak acids, anc oter elactrolytes (Deer,
Howle, and Zussman 1962).

The vermiculite crystal is composed of two silicate lavers connected
by a hydrous layer. The thickness of the unit cell in fully hydrated
matertals s about 14 Argstroms (Gruner 1934). Thermal analvsis has
shown that the water assoclated with vermiculite s released in three
characteristic temperature ranges; the water thus released 1s designated
as "unbound water,” "bound water,* and *hydroxyl water® (Myers 1960).
Unbound water ic¢ released at temperatures up to 30G°F and is apparently
in equilibrium with environmental water (Y.e., vapor or ground water)
because 1ts release s roversible. Unbound water can be removed without
destroying a crystal's capability to exfoliate, but the amount of unbound
water present does affect the degree of exfoliation. &ound water, which
1s removed at temperatures ut to SO0C°F, is the water that must be removed
to permit extoliation. Hydroxyl water is released at aboyt 1.600°F; 1t
1s not removed in commercial exfoliation precesses because its remeval
results in dis*ntegration of the vernmiculite into particles too small for
commerclial use (Kresten and Berggren 1978).



3.2 The Geology of Vermiculite Occurrences

Macroscopic and microscopic types of vermiculite deposits differ in
some basic aspects. Macroscopic vermiculites are trioctahedral and have
a relatively narrow range of cation exchange capacity. Microscopic or
clay vermiculites may be elther trioctahedral or diuctahedral.and are
much more vartable in compositton and catton exchange capacity, making
them difficuit in many Instances to distinguish frcm montmorillonite
(Bassett 1959). The non-minable microscopic vermiculite-clay minerals

are not discussed in this report.

Macroscoptc vermiculite occurs in four types of host rocks: (1)
ultramafic and mafic, (2) gneiss and schist, (3) carbonate rocks, and (4)
ganite rocks (Deer, Howle, and Zussman 1962; Petrov 1962). Each of these
has characteristic features. A1l of the major commercial deposits belong
to the first category, and the material that 1s mined s mixed-iayer
vermiculite-biottte or vermiculite-phlogopite (Petrov 1962). In the
gnelss-schist type, the vermiculite occurs as layers in banded
metamorihic saguences. In the third category, veraiculite flakes close
to the magnesium and member are sometimes found distributed through
martles ranging from calcite to magnesite composition. The
fourthcategory refers te biotit> in granite rocks that has weathered to
an expanded or partially expanded alteration product of biotite and that
puffs when heated tn a flame {Petrov 1962).

A perennial problem in the study of macroscopic vermiculite is the
question of hydrothermal versus supergene origin (Bassett 1953; Boettcher
1965). This problem s relevant to the question of asbestos
contamination and the question of fibrous vermiculite formation. It
would appear that commercial deposits, at least, are of supergene
origin. A hydrothermal origin of vermiculite would provide temperatures
and pressures too high to allow for the survival of the asbestiform
minerals; also, formation of fibrous vermiculite would not be possible.
Therefore, only deposits formed supergenically could contain fibers or
asbestiform minerals. The petrological relationships for the deposits of
interest suggest that pyroxenes, amphibole., (both asbestiform and
nonasbestiform) and olivines in ultramafic rocks (Soth igneous and
metamorphic) were first altered by solution and volatilization from
intrusive syenites, carbonatites, and pegmatites to form biotite,
phlogopite, perpentine (both chrysofile and the non-fibrous varieties),
ard chlorite (Bassett 1953, Hunter 1350). Vermiculite was subsaquently
formed by the actlion of ground water on supergenes which leached out
alkalts, reaistributed magnesium, and added interlaver water molecules
(Bureau of Nines 1980).

The most common parent mineral in vermiculife deposits is biotite.
Other minerals commoniy present include guartz, feicspar, apatite,



corundum, chlorite, asbestos, talc, and clays (Bureau of Mines 1980).
Blotite and vermiculite have crystal structures that are quite similar;
this similarity permits molecular interlaying in 2 series that extends
from pure biotite to pure vermiculite. Verieties in the series
containing 10 to 15 percent vermiculite are called hydrobiotite (Bureau
of Mines 1980).

The world's largest vermiculite deposit s 1in Libby, Montana. This
deposit, which was formed roughly 100 a11lion years ago, is a
iined-pyroxenite pluton that cuts Precambrian sedimentary rocks (Bureau
of Hines 1980). The ore body is situated in an augite pyroxenite which
has been altered to tremolite-actinoiite asbestos, as well as the
blotite-vermiculite series (Bureau of Mines 19680)., The
tremolite-actinolite asbestos cut through the pyroxenite in many thin
veins (each approximately one inch). The thicker veins were mined in the
1920's for asbestos and are now absent from the ore bedy. The asbestos

higher silica content. Therefore, the processes which created the
vermiculite created the asbestos as well (Bassett 1959; Boettcher 1966).
The body in which the vermiculite and asbestos occur forms a hill over
1,000 feet high and abgyt 1,600 acres in area.

Another major zommercial deposit, the Palabora deposit 1n South
Africa, cuts Precambrian rocks which have a petrologic suite resembling
those in the Libby deposit. The asbestos content of this depostt 1s much
lower, probably concomttant with much lewer silica concentration in
supergene waters (Bureau of Mines 1980). '

The most numerous deposits of the United States are in ultramafic
layered metamorphic rock (characteristically blotite schists) and are cut
by pegmatites. Altheugh these may be hundreds of feet long, they are
only a few feet thick ang contain from a few hundred to several thousand
tons. At some of the deposits (e.g., those in the Enoree district of
Soutn Caroiina), amphibole asbestos has been found associated with the
vermiculite along with talc, chlorite, chromite, actinolite, and rutile
(Hunter 1950). The deposits of the Blye Ridge Mountains exemplify the
lasi type of deposit. These are the ultramafie intrusives that are cut
by pegmatites and other intrusive rocks {Bureau of Mines 1980).
Vermiculite typically occurs in these deposits as lenses up tec five feat
thick and 50 feet long (Bureay of Mines 1980). A few lenses in Green
Springs, Virginia are 20 feet thick and more than 100 feet Yeng (Gooch
1957).

Although 1t 15 clear that asbestos and vermicuiite can coexist in
deposits, 1t ¥s unclear how the minerals can coexist in a single
crystal. Mifsud et al. (1977) showed that chrysotile could be grewn from
the top layars of vermiculite_plates at places where elongated crevices



were seenh and where the plates are strained. This was seen in the
basement of a deposit in Malawl and is probably the result of mild
hydrothermal conditions after the genesis of the vermiculite. What was
observed was a topotatic alteration of the vermiculite plate itself. The
alterattons occurred in three steps, according to Mifsud et al. (1$77}:
(1) surface cracks developed along well-defined crystallographic
directions (S1-0-S1 chains); (2) the vermiculite folded back at the edges

of the rocks; and (3) the looter vermiculite ribbons were transformed to
crysotile, undergoing chemical changes mainly by a removal of Fe and an
enrichment 1n Mg and OH.

Thus, vermiculite and asbestos can coexist in separate veins or be
Interlayereo in the same vein. Only the study of each mineral deposit
could shed 1ight on how the commercial vermiculite and ashestos coexist.
Such a study would provide insight into the question of whether the
asbestos can be separated and, if so, whether it can be separated more

easily before exfoliation.

3.3 Chemical ana Physical Properties

Vermiculite varies in chemical ¢omposition; a useful formula for
3erm1cu11te is:

(Ng.Ca)g,7 - 7.0 Mg3.5 - 5.0 (Fe*d, Al)2s _ 1.0
(Al2.0 - 3.5, Stg _ 5.5) Op (OH)y (H20)y _ g

Crude vermicylite has a loose bulk density ot &40 to 1008 kg/m3;
exfoliated vermiculite expands to a bulk density of 56 to 192 kg/m3
(JRB 1982). This low density is important to its uses as an aggregate in
toncretes and plasters and in some 1nctulation and packing applications.

Another important characteristic of vermicuylite is its significant
capaclty for reversible cation exchange. Many cations can be
substituted, principally for tne magnesium and calcium (Deer, Howie, and
Zussman 1962)., This permits use of vermiculite as a fertilizer and soil
additive. The caticn exchange capacities, expressed a milli-equivalents
per 100 grams of vermiculite, range from 35 to 70 for unexfoliated ore
and from 20 to 60 for exfoliated vermiculite (JRB 1982).

Vermiculite has a very low thermal conductivity. This property
permits wide usage of vermicuiite as a heat-resistant insulator in
steelwark and castable refractories. Selected properties of expanded

vermiculite are listed in Table 1,

Beneficiated vermiculite is avallable in a wide zize range. W.R.
Grace separates it 1nto five size grades; Grade 1 1s the largest and



Table 1. selected Properties of Exfoliated Vermiculite

Property Value

Thermal conductivity (Btu in hr™! g2 op-1) 0.43 - 0.45
Thermal conductivity (W m™! *c~l) 0.62 - 0.065
Thermal diffusivity (£t2/hr) 0.025
Specific heat at 0°F (cal g ! 1) 0.20
Specific heat at 300°F (cal g~i %¢-l) 0.24
Specific heat capacity (J kg™l 9¢-l) 840
Specific gravity 2.6
Fusion point (°C) 1,200 - 1,300°
Melting point (°C) 1,315°
Sintering temperature (°C) 1,260°
Cation exchange capacity tmilliequiv/100 g)

Vermiculite ore (S. Carolina) ‘ 70

vermiculite ore (Montana) 35

Expanded vermiculite (S. Carolina) 20 - 60

Expanded vermiculite (Montana) 20 - 30

Source: , °RB 1982.



Grade 5 is the smaliest. Although company specifications were not
chtained, measurements of graded sampies obtained in a monitoring effort
(MRI 1982) are presented in Table 2.

fory
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Table 2.

and Company, Libby, Montana Mine

Physical Properties of Graced Vermiculite from W.R. Grace

Grade Approximate Approximate Approxirate

no. raximm manoer of weight/
dimension particles/g average

{rom) particle

1 5=-10 23 42 mg

2 3-5 130 7.4 mg

3 1-3 1,700 0.58 mg

4 0.3 ~1 11,000 91 ug .

5 0.2 - 0.5 130,000 7.6 ug

Source: MRI 1982
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4. SOURCES

The following section presents a summary of the level Il vermicylite
materlals balance performed for EPA's Exposure Evaluation Division (JRB
1982). The materials balance estimates the amount of vermiculite
processed and released during every step of production. JRB's release
data have been tabulated into four charts, each expressing a major step
in production: mining and mi1ling, exfoliation, transportation, and
consumer uses. Little detail is presented in this section of the
exposgre assessment. Further data are available in the materials balance
report.

4.1 Releases from Mining and M11linq (JRB 1982)

Tablz 3 shows the vermiculite releaces during mining and
beneficiation of the vermiculite ore. Beneficlation removes the
vermiculite from the gangue (waste or impurities). Ina Table 3, the
amount referred to is the amount of ore, which includes the ganaue.

There are four vermiculite mines in the U.S. One million tons (1.2 x
106 kkg) of vermiculite ore were mined and beneficiated 1n 1979 to
produce 314,000 kkg of crude vermiculite. JRB estimated that 802 kkg
were released to the atr, 89,300 kkg were released to water, and 2,490
kkg were released as solid waste (see Table 3). The water releases were
disposed of in settling ponds, and the water was recycled. The air
releases vere fugitive releases from the dust control equipment. The
s011d wastes were the particylates collected in the dust control system,
and were landfilled.

Three different techniques are used to mine and beneficiate the ore.
No data were available for the Virginia Vermiculite mine, so for Table 3
1t was assumed that Virginia uses the same techniques as W.R. Grace in
Enoree, South Carolina. Tne largest releases from mining and
beneficiation are water releases from wet processes. The particular
steps assoclated with the greatest releases are concentration and
secondary screening, since these procedures remove most Jf the gengue.
(Note that Patterson Vermiculite does not usce wet processes.) Any step
with a large air release 1s assumed to have dust control equipment.

4.2 Releases from Exfoliation (JRB 1982)

Ninety-four percent of crude vermiculite s exfoliated. Table 4
fdentifles a1l the releases during exfoliation. Note that some crude
vermiculite is imported from South Africa. The exfoliation processes
ysed are the same, but since the incoming feeds contain different amounts
of vermiculite, they have different release rates. Ninety percent of the

releases are expelled in the exfoliation step.
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Teble 3¢ Voralcullte Raieaves irom Mining and Deneflclation of Yormicul tte Ore
w.lte Graco, Libby, Montana Virginla Yermiculite, Loulse, Yirginte & W.R. Grecs, Enoree $.C. Patterson Yeramicullte, Enores S.LC.
Procoss” Anoun!b AleS Water® Salif Procass® Amount? AlrS Veter®  SolldS Procoss? Anount® arc sul14°
thhg? (hkg)  (hkg) thig) thkg) kgl (kkg) (kkp) ko) thkg? (hhg) " thig}
Maing 748,000 Mning 459,000 Minling 8,660
Overbur don romoval 29.6 Ovoerburdun removal 240 Overbdurden remcval 0.03
Droaning 3 oading ure 6.73 8ooking & loading 6.36 Breaking & toeding 0.9
HKauting ore 20.2 tiauling 163 HaulIng 0.370
Convoylag 1.18 Oumping & stockplliing 2.09 Durmpling & stockpiling 0.063
Dumpling & stockpliing 5.9
Prlmary washing 439, 000
Primsry scroonlng 748,000 ro foudlag 638 Convoylag 3,660 0.014
Prbasmy scrooning 108. Primary washing 14.8 3,460 Primery screening 2.56  (neg.}
Crushling 6.3% 321,000
Cenvuylng .17 Secondary warhing Ceavaying 9,310 0.014
Secondary screening 710,000 G-inding 9.1 Storage
Conveying-blending let? Sacondory washing 14.3 3,780
Secondary screening 333 9,330
. Flotation 8%, 000
Concentration 522,000 Wot (fotetlion 78.6 42,400
Wet flotation 128, 23,800 ODovater ed/drying 17.5 86t
Dewatered/dryling? 232 1,140
Slzing/storage 128, 000
Sizing/storage 161,000 Convaylog 3.54
Convuylng 4,69 Scr'our\lﬂglshlug1 4.3% Pit)
Loading 28.6 Convoylag 3.4
llaul ing Storage
Dumplng 21.%
Screening/sh 2ing?” 9% 16 202
Storago
TOIALS 181, 000 443.00 33,200 I, 420 128,000 399.00 58,670 Lo 4,370 3.2¢ {neq)
raduc t 743 Yarmtcullite Mroducts 795 Vermicullte Products 335 Vormicullte
OUre: 22.9% Vurmicul lte Ore: WA 40f Vermicullite Ore: 428 Vormicullte
5C 308 Vermiculite
9 All nunburs trom R, 1982
b Those amounts arv the total amounts baing procassad:  gengum plus vermlcul te,
: Tesa taloasns aro only orunts of veralcul lte ralvased,

Bast controt systan,



Table 4. Vermiculite Raleases From Exfoliation of Vermiculite

W.R. Grace, ¥irginia and South Africa vermiculita releases " Patterson vermatculite roleases

Aovnt of t of
Exfollation Process vermiculite Alr Water Solid vermiculite Mrp Hater solid
{kkg) (kxg} {kky) {kkg) (kkg) (Kkg) (kkg) (kkg)
Conveying 216,000 2.97 4.51
Screening/sizing 27,500 23.4 35.57
Conveying 27,500 0.387 0.58
Exfollation 216,000 2,780 5,680 4,233.6 1,970 52.4 107 71.0
Conveying 205,000 2.87 (st esm) 4.7 (stean)
Destonld g 158,000 16.0 396.2 1,890 0.138 26.2
Bagylixg 130,000 51.0 77,42 1,770 0.69 1.07
bulk loading 6,220 6.22
Premixes 68,300
Dust contro) 09.4 1.61
Totaly 2!972.1 2,_21_19; 1,752.2 54.0 107 104.1

Source: JRD 1982,




JRB assumed that every step had dust contro® equipment that was 98
percent efficlent. It is estimated that 4,500 kkg of asbestos collected
in the dust control equipment, while 4,300 kkq are released as steam
either directly to the air or tnto the dust collector. Three thousand
tons (3,027 kkg) were released as fugitive releases to the alr. The

exfoilated product is transported to manufacturer in bags or bulk loads,
or as an ‘ngredient in premixes.

4.3 Releases During Transportation (JRB 1982)

Table 5 shows transportation releases. Qomestic crude vermiculite is
transported from the mill to the exfoltation plant by railroad or truck.
Imported and exported vermiculite are transported by ship and rail.
Exfollated vermiculite destined for consumer use is transported 1n bags
or bulk loads. The estimated transportation releases are negligible.
Thirty-iinz kkg are released to the atmosphere, and 125 kkg are released
to the land due to spillage.

4.4 Peleases During Consumer Use (JRB 1982)

Exfollated vermiculite s uvsed in three major types of consumer
products. It is used in place of sand as a lightweight iasulating
material in concrete; 1t is used as loose-fi1] and block-fit]
iasulation; and 1t 1s used agriculturally as a growing medium or a
pesticide carrier. Unexfoltated vermiculite is used to make gypsum board
{drywall). The largest release from these uses is the solid reiease 10
the lard. As a component ¢f agricultura) products, vermiculite is
applied to the so1) directly: 1t 1s released to land from other products
as the result of spillage. JRB estimates that releases of vermiculite are
insignificant after installation of the end-use product.

Table & summarizes releases from consumer use of vermiculite

products. These release data spply equally well ‘o commerclal and
industrial use of the products.
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Table 5. Estimated Vermiculite Releases thile Transporting

Crude vermiculite
Domestic
Imported
E:ported

Total

Exfoliated venniculite
Transport. in baqgs
Transport in bualk
Usad ot plant,

Totals

source:  JRB 1982,

Amount transported

Vermiculite releases
Alr Soliad

(kkg/yr) (kkg/yr) (kkeg/yx)
302,000 10.8 -
27,200 15.1 -
31,700 0.15 -
25.9
L]
132,000 6.22 -
6,220 6.60 125.0
68, 300 - -
38.8 125.0



el

Table 6. End Usey of Fxfoliatod and Urnexfoliated Vormicullite
Exfoliated use Percent of total a Ouantityb (kkq) Vermiculite releages (kkg)
© Product fon Total Vermiculite Gangus Alr Water Solid
Aggregates 36.2 83,300 74,900 8,470
Concrete 23.0 52,900 47,600 -5,380 14.8 0.462 445.1
Plaster 1.02 2,350 2,110 239 153.8 242,2
Pranix 12.2 28,100 25,500 2,850
Insulation 31.2 71,800 64,600 7,300
Loose fill 14.9 34,300 30,8C0 3,490 31.6 4,025.2
Block £ill 16.2 37,300 - 33,500 3,790 33.5 315.1
Packing 0.07 151 145 16 0.0725 144.5
Agricul tural 30.7 70,600 63,500 7,180
Growing 'E’é}ﬁﬁgd 14.2 32,700 29,400 3,320 B8 0.11 | 29,4000
- : 200 0.2 50.1
cultural chiaalcals 16.5 38'00,0 3,200 3,860 >0
Other 1.7l 3,930 3,540 400 3.54 0.011 199
Totalg - 99.8 210,000 207,000 23,400 271.4 9.6 35,150,
Unexfoliated use
Cypsun  board 100.00 19,400 14,700 4,700 11.1 922,
Total 24914_09_ 221,700 28,100 _282.5 _9_-_5 3_6_L9.7_0_'_

dpereentaye derived hion data in Burcau of Mines 1980 (JKB).
bouantity = (total product) x (percent),
*Nubers do not add due to rounding.

Source: JI) 1982,




5. EXPOSURE PATHWAYS ANC ENVIRONMENTAL FATE

The most ‘mportant factor dictating the chemical fate of both
vermiculite and asbestos (and, therefore, asbestos-contaminated
verniculite) 1s the chemical inertness of both minerals. Neither
substance would be expected to undergc chemical transformation when
released intce the environment. Furthermore, their refractory nature
precludes the effect of melting/boiTing point, solubiitty, vapor pressure,
octanol/water partition coeffictent, etc. on their transport. Other than
density, the only physicochemical property that is of importance in
assessing the atmospheric fate of asbestos-ccntaminated vermiculite is

particle size and shape (USEPA 1980a).

Terrestrial and fluvial transport processes affecting vermiculite are
not well characterized. The following section summarizes what 15 known

about the fate and transport of asbestos.

5.1 Transport and Fate

Vermiculite occurs naturally in many reg‘ons of the country, and can
be released directly to the environment by all normal geological
weathering processes. Rates of natural release can be altered by human

activity such as road building, mining, and construction.

The asbestos fibers from vermiculite may enter the envircnment through
such human activities as (1) mining and milling, {2) transportion,
(3) manufacture and use of products containing verwmiculite, (4) demolition
of buildings in which vermiculite 1s a structural component, and (5) solid
waste disposal of vermiculite-containing materials and mining and milling
wastes. Asbestos fibers are not bound chemically to the vermiculite;
rather, the minerals coexist in the same matrix which, when chemically or

physically disturbed, may release the minerals.

Mining, mi1ling, and exfoliation of vermiculite almost certainly
account for the vast majority of the environmental release of asbestos
from vermiculite. Vvirtually all of the mined deposits are in ruggad
country removed from heavily populated areas. Vermiculite is transported
through the country in 1ts unexfoltated state along all major routes of
transportation. Atmospheric asbestos dust -ettles or is washed out by
precipitation; it then returns to the soil and to waterways. Asbestos
fibers are eastly resuspended by wind and water and ccn be radistributed
widely. Because of 1ts stability, asbestos must be regarded as persistent
in the environment with an ultimate sink in soils or sediments.

The following secticns deal with all the processes daffecting the

environmental distribution of asbestos fibers. The actual vermiculite
minerals are not addressed in this exposure assessment. The chemical fate
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processes affecting vermiculite may be similar to those affecting
asbestos. Physical transport probabiy differs, however. since vermiculite
partictes entering the environment are probably larger than asbestos
particles, and particie size ts a major factor affecting transport.

5.1.1 Transport Processes

(1) Atmospheric Transport

(a) Turbulence and Diffusion. Asbestos fibers are restricted
to the troposphere (1.e., the first 5 to 10 miles of the atmosphere),
above which lles the relatively stzble, nonconvective stratosphere. The
vertical diffusion of fibers from a source mly also be restricted by

§urface inversiens or by an iaversion layer lying absve an unstable mixing
ayer. ,

A surface inversion usually occurs in the early morning when light
cloud and wind conditions prevail. As the earth's surface 1s being
heated, convective currents and turbulence increase near the surface, If
the upper part of the original inversion layer persists, atmospheric
diffusion ¥s largely restricted to a mixing layer pelow the inversion
tayer (Wanta and Lowry 1976, Hewson 1976). Such mixing heights may range
from essenttally zero at night to several kilometers in the afternoon;
typical seasonal means are 300 to 800 meters in the morning and 600 to

4,000 meters n the afternoon, cepending on location (Mclormick and
Holzworth 1976).

Low mixing heights, low wind speeds, and the absence of precipitation
sippress dispersion and lead to ratsed pollution levels; the persistence
of all three conditions is associated with air pollution episodes. Figure
} gives some Indication of the frequency of such episcdes. Adr pollution
episodes can be particularly acute in ¥ndustrialized valleys where
inversions are a dominant meteorosogical phenomenan.

Both turbulent diffusion ang w'nd disperse asbestos from its point of
emission, Thase processes mix released fibers with ever-increasing
volumes of air, lowering concentrations in the region of release and
dramatically reducing concentraticrns in areas peripheral tc the asbestos
source. Three scales of turbulence can be defined (Whelpdale and
Munn 1976): '

o Microscale: 3mall fluctuations responsible for the {nitiatl
diffusion of ashestos in the first hour or so of i1ts release.

® Mesoscale: E€ddies with <tmensions of several kilometers. This

turbulence can be consistent, as in the case of a sea breeze or
valley flow. :
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Figure 1. Isopleths of tots) number of episede-days in 5 years
with mixing heights < 1500 m, wind speed < 4 m/sec,
and no significant precipitation - for episcdes lasting
at least 2 days. Season with greatest number of episode-days

indicated as winter (W), spring {SP), summer (SU), or autumn
{A)

Source: MHcCormick and Holzworth (1876).
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® Macroscale: Eddies of dimensions exceeding 500 km.

A1l three scales of turbulence can affect dispersion.

(b) Ory Removal Processes, Gravitational settling rates have
been determined experimentally for asbestos fibers in the absence of
turbulence; these rates depend principally upon fiber diameter and are
relatively independent of fiber length (Timbrell 1965). The same
tonclusion was reached by modeling fiber aercdynamics (Sawyer and
Spooner 1978). The theaoretical settling velocities are given in
Figure 2. Typicai Fibers reportedly have diameters less than 1.5 um
(Dement and Harris 1979, Smith et al. 1973); single Fibrils have diameters
near 0.06 wm. From Figure 2, fibers 1.6 ym in diameter would
theoretically fall three meters in about one hour while single fibriis
would require over 15 days.

In the atmosphere, settling velocities for most asbestos Fibers will
be negligible in comparison with turbulent vertical velocities. This 1is
true for fibers with equivalent sphere diameters of less than 20 um*
{Wanta and Lowry 1976), t.e., fibers with diameters up to 6.4 um.

Larger fibers and fiber clumps would be subject to gravitaticnal
settling. Inside buildings, turbulence generated by movement or atr
through flow prolongs particle settling.

fibers undergoing turbulent motion may collide with and adhere to
surface cover. The extent of fiber removal by impaction will depend on
fiber size and velocity, the rate at which the fiber is supplied to the
surface, and the degree to which various surfaces retaln impacting fiber
(Whetpdale and Munn 1976). This is a complex precess for which no
quantitative removal estimates exist for asbestos.

(c) Precipitation. Pollutants are removed from the air during
rainfall at a rate proportional to their concentration {Wanta and
Lowry 1976). Denoting the concentration at time t as C{t) and the
Init1ally observed concentration as Cqye

C(t) = Coe-Wt

where w, termed the washout coeffictent, s a function of particle size
and ralnfall rate. Typical va'ves of w are given in Figure 3. Evidently,
a rainfall rate cf G.15 n/hr (3.8 mm/hr) reduces the concentration of
spherical particles 4 um in diameter by 50 percent in two hours. lLarger
particies are removed more effictently, and this removal mechanism has

*The equivalent sphere dlameter ¥s deflned as the diameter of a
sphere 1 gm/cmd 4n dersity having the same fall velocity as the fiber of
interest. A 20 um dlameter sphere so defined falls at a rate of 1.2
cm/sec in the absence of turbulence.
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been found 1neffective for spherical particles of diameter less than
2 we (Haagen-Smit and Wayne 1976).

Results of a field monitoring effort for asbestos fibers seem to
confirm this effect for asbestos fibers (Harwood and Blaszak 1974)., After
a week of precipitation, the concentration of fibers ltonger than 1.5 ym
was significantly suppressed, while levels for fibers of length less than
1.5 wm appeared unaffected. Removal rates for nonspherical particles
are unknown.

Reantrainment. Asbestos fibers may be reentrained by surface
winds, vehicular traffic, or indoor movement. (Indoor levels have been
compared during perlods of no activity and high acttvity (Sebastien et
21. 1979); the levels differed by one to two orders of magnitude for each

of three different rooms (Table 7).

Reentrainment of ashestos in environmental situations ha< not been
studied directly except in the case of waste pile emissions. MNonetheless,
field measurements in conjunction with these studies suggest that it may
be an important secondary source, contributing significantly to ambient
levels in some instances.

Emissions from waste piles are recognized as potentially important.
During pertods of high winds, asbestos has been observed at a playgrournd
and In houses nrear one cump (USEPA 1974). Atmospheric asbestos emissions
from industrial dumps and mine taliing plles were Investiggted by Harwood
and Blaszak (1974) and by Harwood and Ase (1977). Oumps were daetermined
to be a significant and possibly hazardsu: source of asbestos fiber; the
reentrainment of unbound asbestos fibers proved to be responsible for most
of the emissions. Particulate emissions ‘rom talitng piles have been
estimated unier vartous climatic conditions by PEDCO (1973).

In summary, reentrainment of ashesto: fibers does occur, and studies
of waste pile emissions incicate trat 1t 1s an important secondary
source. Quantification of the effects of asbestos reentrainment has not
been attemntied except at waste piles. Reentrainment is responsible for
the majority of asbestos emissions from waste piles and may also be
particuiariy important in urban areas.

(e) Atmospheric Asbestos Burden from the Use of Vermiculite.
Evaluation of changes in the atmospheric burden of asbestos from the use
cef vermiculite is 1nhibited by four facters:

1. A comprehensive inventory of asbestos emissions from vermiculite

{as well as other sources) does not presently exist; only
exfollaticn plants 3s point sources have been well studied.
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Table 7. Indoor Reentrainment Potential

Roam without . Roam with
hunan activity human ivity
{ng/nc’) (ng/m*)

15 750
3 630
1 62

&)Ln‘ce: mstim et alo (1979).
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2. The quanttitative effects of asbestos removal mechanisms are
presently unknown.

3. The contributlion of asbestos reentrainment to the atnosphertc
burden has yet to be established.

4. Monttoring of asbestos in the environment cannot differentiate
between the different sources of asbestos contamination.

In general, atmospheric asbestos from contaminated vermiculite can
come from a series of sources.

Industria’ sources, such as stack emissions from exfoliation plants
and inductrial users of vermiculite, probably contribute the bulk of
asbestos from vermiculite. Waste pile emissions may be ancther source.
Mining emissions, such as the dust produced from the strip-mining of
vermiculite deposits, cause localtzed asbestos contaminallien of air.
?orkglace ang other indoor sources may increase atmospheric asbestos

evels.

Although these sources have been studied to some degree in past
asbestos studies, 1t 1s st1l1 impossible to predict with any accuracy the
atmospheric concentrations of asbestos from contaminated vermiculite.

(2) Fluvial Transport. Tailings from taconite mining dumped into
Lake Super’ior by the Reserve Mining Company at Silver Bay, Minnescta, have
provided the only opportunity to study the transport of asbestos in the
aquatic environment. These tailings contained more than 50 percent quartz
and about 40 percent cummingtonite-grunerite (mean chemical composition
(FegMg,S1g055).  Tallings were dumped into the lake at the rate of
about 60,000 to 70,000 kkg per day; the water slurry centaining the
tallings was released at a rate of about 2.4 x 108 m3/cay (cook
1973). As a result, asbestos has been detected in the drinking water of
Duluth, Minnesota, about 75 mites distant (Cock 1975).

1t has been shown that although the asbestos fibers are traveling
great distances in the water column, they are betng coagulated and
sedimented in the western part of the lake near the tailing delta (Kramer
1976). If this process were not going on, according to the calculations
of Kramer, 3.5 x 100 fibers/liter should be found distributed evenly
throughout the volume of take Superior. In actuality, however, only 1 x
106 fibers/liter are present in the eastern part of Lake Superior.
Kramer found, as well, that the greater tre distance from the taliings
themselves, the r1cher in magnesium the asbestos became. This effect was
attributed to the magnesium-rich asbestos having a more sensitive zeta
potential which would prevent coaguiation and sedimentation.
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This suspended asbestos might settle under certain environmental
conditions. Although no specific data are avallable on settiing rates of
asbestos, several analytic models af the physical processes in aquatic
environments have been developed in recent years. Examples include
catculations of vertical eddy diffusivity within a nepheloid layer (Feely
1976), dissolution of diatoms (Lol and Lerman 1975), and suspendad
sediment transport (Nihoul 1977). Many of the analytic models have relied
on Stoke's Law, which is an aralytic solution to the problem of a sphere
settling in an unbounded Newtontan fluid (Sverdrup et al., 1864). Tne
work of Methof and Loeb (1972, 1974) and Chase (1979) on the
electrochemical characteristics of natural particulates and their settiing
behavior in natural water systems suggests that the Stokesian assumption
m3y not be appropriate for charged particles. It appears to be impossible
at present to describe the settling behavior of asbestos in aquatic
systems more definitely than to say that asbestos will stay in suspenston
for quite a long time.

Although there has been 1ittle study of asbestos transport tn the
aquatic environment, 1t appears that the transport of asbestos depends
upon such poorly understood geochemical mechanisms as surface chemistry,
mineralogy of the fiber, and physical settling rates. Only further study

of the problem will enable a fuller understanding of the asbestos minerals
in the aquatic environment.

(3) Terrestria) Transport. There is presently no information
avallable on the traasport of asbestos in the natural terrestrial
environment. Burilkev and Michailova (1970), 1n their study of soil
samples in a Bulgarian tobacco-growing region with dispersed asbestos
outcropuings, have discussed tha health effects of farming in the region
but did 1ittle study of the transport of asbestos minerais in the soils.

5.1.2 tEnvironmental fate

Asbestos has often been touted as an indestructible mineral; ia
reality, however, this is far from the case. Experiments on thermal
effects and the acid leaching of asbestos have been summarized by Speil
and Letneweber (1969) and Hodgson (1979) and have only a peripheral
relation to the environmenta) behavior of asbestos; howsver, the following
laboratory experiments are definitely germane with regard to its
degradation in the envircnment.

Choi and Smith (1372) cbserved the kinetics of the dissoiution of
chrysotile in water over a temperature range of 5 to 45°C. A correlation
was noted between the rate of dissolution of magnesium from the chrysotile
and the rate of pH drift. The rate of the dissolution recction was
directly proportional to the specific surface area of the asbestos
minerals. It was noted that magnesium cations may be continucusly
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Tiberated from the chrysotile fibers, leaving behind an intact silica
structure. This original structure could then readsorb metal cations,
since 1t will develop a highly negative charge. 1n general, however, this
readsorption of metal cations is not observed; the smaller the particle,
the faster the magnesium is liberated from the asbestos structure.
Moreover, the reaction 1s temperature-senstitive only 1n the initlal stages
of contact between chrysotile and water.

Hostetler and Christ (1968) determined an activity product of
chrysotile In water at 25°C of 10-51.0, These results suggest that
chrysotile s slowly solubie in water under conditions of continuous
extraction. How applicable these results are to the ambient environment
can be determined only through further experimentation. Fer instance,
Chowdhury (1975) studied the leaching of asbestos in distilled water and
at body temperature (37°C). He found that, for all practical purposes,
amosite and crocidoilte were inert under these conditions. Nonetheless,
although he was unable to reach a chemizal equilibrium after two months of
leaching, a significant amount of the chrysotile had dissolved (1,000
ulmol of Mg/g asbestos had been leached). He found further that under a
dynamic system, after the magnesium had leached out, the silica skeleton
began fiaking apart, thereby eliminating the asbestos structure.

It appears that asbestos does not have an adsorptive affinity for the
solids normally found in natural water systems; however, some materials,
notably trace metals and organic compounds, have an affinity for asbestos
minerals. The charge-dependent behavior of asbestos can be described by
the concept of the zeta potential, the iscelectric point (IEP), and the
zero point of charge (IPC). (Fer a detailed description of these
concepts, see Parks 1967.) The zeta potential is a measure in mV of the
surface charge of a solid. The ZPC %5 the rH at which the solid surface
charge from all sources is zero. The IEP is a ZPC arising from
interaction of H*, OH-, thc solid, and water alene. The ZPC of a
complex oxide such as asbestos ts approximately the weighted average of
the [EPs of its components. Predictable shifts in ZPC occur in responsa
to specific adsorption and to changes in cation cocrdination,
crystallinity, hydration state, cleavage habit, surface composition, and
structural charge or ion exchange capacity.

Prasad and Pooley (19?3) investigated the electrokinetic properties of
amphtbole asbestos dust samples in comparison with quartz dust. The
isoelectric-point of amosite was found at a pH of 3.1 and that of
crocidolite at a pH of 3.3 (Figures 4 and S5). The zeta potential of these
amphibole asbestos minerals, because of the formation of the fibers, is a
function of the combined face and edge charge. The face charge wili be
due to the silica in the structure, while the edge charge is due to the
layers of metal cations sandwiched hetween the layers of silica. Because
of differences 1n fracture, when the fibers are being produced, a
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varlation in the ratio of face to edge charges is likely. It is evident
from the results that amphibole asbestos has a ret reqative charge, 1.e.,
the sum of the negatively charged silica surfaces arg the positively
charged edges of the metal cation 1s negative. Thic net charge s very
much lower than the actual value of charge per unit area on the fiber-face
surface. The amphibole asbestos is, therefore, capeble of adsorbing soth
ga::onic and antonic species, the former much more extensively than the
atter.

Chowdhury and Ki“chener (1975) found a wide variety cf zeta patentials
In natural and synthetic chrysotiles. Strongly positive valiues were found
in samples containing an excess of magnesttm ir the form of bructte,
Mg(OH),. Synthetic chrysotile and naturzl samples containing 1'ttle or
no brucite gave moderately positive zeta pctentials over the pH range of 3
to 11. Weakly positive or weakly negative zeta potenttals were found in
chrysotiles which had undergone weathering (cue to natuyral leaching of the
brucite layer). Since the pH and the amblent concentration of Mg*< 1lons
near the surface are the main controlling factors of the chrysotile zete
potential, and since chrysotile's brucite layer is susceptible to Te~ hing
tn aqueous solution, the zeta potential of chrysotile is a constantly
changing vaiue. These results explain the temporary colloidal stability
of dilute suspenstons of chrysotile in envircnmental media in the mutual
coagulation of chrysotile and amphibole asbestus slurries.

This efect of the colloidal stability of the chrysotile was first
described by Naumann and Presher (1968). They vound that, because of the
positive zeta potentiai of chrysotile in environmental media, low
viscostty suspenstons could be prepared by means of the inherent zharge cf
the chrysotile surfaces. Thts charge, however, s so czell in pure
chrysotile that dispersion was obtalned oniy witii short fibers and low
fiber concentrations (1 percent). By increasing the ccncentration of
certain metallic salts, 1t was found that low viscousity suspensions could
be prepared under alnost any environmental conditi»n. These observations
suggest that the presence of trace metals w'li pr.duce a suspension of
chrysotile asbestos in water which will perstst vit1) sufficient magriesfunm
has leached from the chrysotile structure to degrade the susgension.
Furthermore, 1t 1s probable that under certa2in conditions acbesos will
persist tn the water column until its conceatration beccmes high enouch to
destroy the suspension or until leaching of the brucite layer decays the
Zeta potential to a point where 1t will become negative.

Ralston and Kitechener (1975) studied the suyrfa:e chemistry of amosite
asbestcs. The amphibole structure of the fiber was found to be resistant,
uncergoing only superficial change in aquecus media under normal
envircnmental conditions. Internal cations are nejther leached ror
exchanged. The surface properties of the fiber resemble those of pure
silica (quartz): cat'onic surfactants are zssorbec strongly, while antonic
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surfactants are not adsorbed. Thus, the surface chemistry of amosite

asbestos is controlled by its trace contaminants, while the fiber itself
behaves like quartz.

In studtes concerning the removal of asbestos “izers from drinking
water, 1t was found that coagulation/flocculation methods were effective
in removing asbestos fibers from water. Lawrence et al. (1975) found that
coagulation with a 1 ppm cationic polyelectrolyte resulted in the removal
of approximately 99 percent of the fibers and that all the remaining
fibers were chrysotile. The residual of chrysotile was explained by
chrysotile's positive surface charge 1n contrast to the negative surface
charge of amphiboles, and most other volume was reduced to about 20
percent of the total volume. Fuyrther reduction in the sediment velume was
then extremely slow (19 percent after 24 nours), sugdest:ng that natyral
flocculation 1s only a powerful force at high asbestos fiber
concentrations. They also found that the addition of coated diatomite
(diatomite coated with aluminum hydroxide) was quite effective in
increasing the flocculation of asbestos fibers. Schmitt et al. (1977)
found that, after sedimentatior, the addition cf a pesttively charged

cationic polyelectrolyte induced further aggregaticn of the particles and
allowed for easy filtration.

In general, the environmental behavior of asbestos from contaminated
vermiculite will be controlled dy such effects as Yeaching, coagulation,
surface chemical reactions, and transport phenomena. It s difficult at
this point to determine which of these processes are most important except
to say that asbestos, once introduced into the environment, will remain
until 1t is buried in the sediment layer of the aquatic environment or
bound somewhere in the terrestrial environment.

5.2 Identtfication of Principal Pathwavs of Exposure

Three routes of exposure are commonly addressed in exposure
assessments: 1inhalation, Ingestion, and dermal absorption. . The following
sections show that the principal route of exposure to .
asbestos-contaminated vermiculite is inhalation (Section 5.2.1).
Subsequent sections address the possibiiity of ingestion of asbestos from
vermiculite relcases into the environment (5.2.2) and the 1ikelthood of
dermal contact leading to exposure (5.2.3).

5.2.1 Intalation of isbestos-contaminated Vermiculite

Alrborne emisstons of veraicylite constitute a minority of releases to
the environment (See Sec*ion 4.C). However, the asbestos fibers in these
emissions are persistent and readily transported through the ambient
atmosphere. Asbestos fibers of respirable sizes (<10um) are small and
settle very siowly (Sawyer and Spooner 1978). Atmospheric transport
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processes therefore tend to lead to exposure via tnhalation of ambient atr
near point sources of vermiculite discharges, as well as from nonpoint
sources (e.g., agricultural aid horticultural applications).

These potnt sources of atmospheric vermicultte discharyges are
numerous; they include the four mines as wall as the 47 cities with
exfaliation factiities. Expasure from these sources may be occupational
(for those working at the sites) or ambient (for those 1iving near the
sites). Transportation and disposa) of vermiculite may also result in
datmespheric emissions.

The use of vermiculite-containing products may lead to inhalation
exposure of industrial and comwercial users and consumers. Little
monitoring data ts avatlable to substantiate this (see Section 6.0).
Estimates of atmospheric concentrations resulting from general
environmental emissians as well as consumer and occupational use are
provided in a later section of this report {Section 6.4); exposure is
estinated in Secilon 8.1.

5.2.2 Ingestion of Asbestos-contaminated vermiculite

Much of the vermiculite waste from mining, miiling, and exfoliation 1%
discharged to water; some of the processes, such as wet beneficiation,
generate large quantities of 1tquid waste. These wastewaters are
generally sent to settling ponds and the supernatant is recycled; thus, no
discharge of asbestos-laden vermiculite tc the environment 1s expected.

If asbestos from vermiculite entered the aquatic envionment via washout,
runoff, or direct discharge, the fibers would probably not enter the foad
chain to any appreciable extent {Callshan ot al. 1979); therefere,
exposure via ingestion of aquatic organisms would be insignificant.
Ingestion of ambient water during such recreational activities as swimning
s rarely a significant exposure (Scow et al. 1679). Use of contairinated
ambient water as a potable-water source would lead to significant exposure
only if the water were not treated with standard coagulation-flocculation,
which removes most asbestos (lawrence et al. 1975).

Not 211 inhaled asbestos fibers are respirable: a fraction of
particles entering the bronchi are cleared from the respiratory system and
are subsequently ingested (Timbrell 1965). The exact dimensians of
respirable particles are not known, but particles greater than 10 um are
generally too large to be retairec in the iungs (Stern 1976). Since the
fiber stze distribution of asbastos in vermiculite s not known, the
ingestion exposure from airborne particulates cannot be determined.
Particles taraer than the respirable fiters settle more quickly and would
not be as widely transported from a point source; the geagraphic range of
exposure would be limited *o th2 immediate area. The greatest exposure
via ingestion of noarespired fibers would therefore be expected to cccur
in areas with high fiber concentrations.
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Vermiculite Products are not used in food processing, and uptake of
Tibers by plants to which vermiculite fert1lizers have been applied would
not be expected, Movement. of themicals across root cell membranes {s an
acttve transport process 1nvolv1ng elementa? units (Ray 1972); fibers
Cannot diffyse or be transported 1n this mar-ar. 1Ip summary, ingestion is
probebly not an important route of exposure i3 asbestos in vermiculite.

§.2.3 Dermal Absorption of Asbestos-Contam?neted Vermiculite

The Processing and yse of vermicylite may tavolve extensive dermal

contact, such ag with the use of plant growth media. However, asbestos

fibers wouid prebably not penetrate intact skin surfaces. Dermal exposyre
1

would occur on Y If the skin were broken and fibers entereqd the body
directly,
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6. MONITORING DATA AND ESTIMATES OF ENVIRGNMEMTAL CONCENTRATIONS

The priority review of asbestos-contamtriated vermiculite {USEPA 1980a)
1dentifled a number of data gaps that could be filled only by monitoring
the data. As a result, the EPA-OTS Field Studies Branch inttlated a study
of asbestos fibers in bulk vermiculite sampies and in mining and miiling
operations (MRI 1982). The monitoring project team in tially planned to
address exfoliation plants as well; priority shifts during the course of
the project precluded this phase of the study, although two exfoliation
plants located with beneficlation plants were sanpied.

Midwest Resezrch Institute (MRI) coordinated the efferts of Ontario
Research Foundation and IIT Research Institute, who were responsible for
sample cnalyses. The recults of this monitoring study are summarized in
this section. The reader 1s referred to the MRI (1982) report,
*Collection, Analysis, and Characterization of Vermiculite Samples for
Fiber Content and Asbestos Contamination," for further details on
experimental protocol, analysis, and results.

OSHA has monitored fiber levels in the 0.M. Scott and Sons Co. lawn
and garden products plant in Marysville, OH. These data are summarizedq
within this section.

The monitoring data have been supplemented by estimates of
environmental concentration. Computer niodeling was performed by the
General Software Corp. under the direction of the modeling team of EPA's
Chemical Fate Branch. Estimates of levels encountered during consumer use
of vermiculite products were based upon monitoring, materials balance, and
product use data.

6.1 Monitoring of Miring and Milling Faciiities (MRI 1982)

Monitoring data on vermiculite have been gathered by Midwest Research
Institute (MRI) under an EPA contract. Sample analyses were conducted for
MRl by Ontario Research Foundation (ORF) and IIT Research Institute

(TITRI).

The original scepe of the study tncluded two phases. The first phase
was the csilection and analysis of atr and bulk samples associated with
vermiculite ore and benefictated vermiculite at u.S. ports of entry and
from the four U.3. vermiculite mines. The second phase included a similar
effort for a representative number of exfoliation piants.

Because of priority shifts within EPA, the second phase was not
undertzken and the scope cf the first phase was reduced. Sampling trips
were made to the W.R. Grace mine and milling facilities, near Libby,
Montana, during October 21 through 26, 1980; and to both the Grace and
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Patterson mines and processing (including exfoliation) facilities near
Enoree, S.C., during November 3 through 6, 1380. Both air samples and
bulk samples were collected at each laocation. Alr sampling was of two
types, personal and stationary.

Alr samples were analyzed only by phase contract optical microscopy.
and the originally planned electron microscopic analysis was omitted.
Bulk samples considered to be representative of each mine were selected as
"priority" szmples for immediate analysis. This set, comprising seven
samples, included the head feed for the ore processing mill and, where
s1ze grades were produced, the smallest and mid-size grades. Samples were
analyzed by varicus techniques including electron microscopy for fiber
content, with emphasis on asbestiform minerals. The analysis was qone by
two 1ndependent laboratortes. It was considered possible that fibers
could be bound between the vermiculite plates and released by
exfollation. Therefore, analyses were conducted bath on the samples as
received and after laboratory exfoliation to see if additional fibers are
released by exfollation. Laboratory exfoliation differs from commerctal
exfoliation in that under the conditions of commercial exfoliation, much
of the fines and heavies are removed from the vermiculite. The laboratory
exfoliation is done under conditions that produce no sample
fractionation. Thus, much of the asbestos would be removed from the .
vermiculite during cormmercial exfollation, but none would be removed
during labaratory exfeliation.

Density-separated fractions From the bulk samples were analvzed by
optical micruscopy (ON) and x-ray diffraction (XRD) analysis.
Isopropanol-susperded fractions of bulk samples -of nonexfoliated
vermiculite and water-suspended fractions of exfoliated bulk samples of
vermiculite were analyzed by transmission electron microscopy (TEM). The
results of the OM and XRD analyses are summarized in Table §..

A difference in the interpretation of the analytical protocol resulted
in a vartation in the counting procedure. The requirement to count 100
fibers was interpreted by ORF to mean 100 asbestiform fibers, while I11TRI
counted 100 particles, defined as fibers by having an aspect ratio of
23:1. To check teh significance of this cauating vartation, two samples
with ¢ifferent fiber charasteristics were sclected for each laboratory to
repeat the analysis using the alternate pr cadur:. These samples included
grade 5 samples from Libby, Montana, and f:am Ein.ree, South Carolina.
Table 3 is a summary of tne TEM analysis of zhe selected samples and
includes the number of fibers and thetr conrentration in parts per million
as determined by tha two laboratorizs.

The results suggest that there are more asbestiform fibers associated
with the smailer size grades of vermiculite than with the larger grades.
Both dust samples collec:ed at Libby were found to have a very high



Table 8. Summary of Optical Microscopy/XRD Analysis Results
Fibrous phases Nonfibrous amphiboles
R Estimated Mineral Estimated Mineral
Sample mass, % types mass, % types
Libby Grace
Grade 1, 270-1 4§ Trem-actin 1=-3 Trem-actin
Grade 2, 276-1 47 Trem-sctin 3-5 Trem-actin
Grade 3, 25%-1 2=4 Trem-actin <1 Trem-octin
Grade 4, 282-] 0.3-1 Trem-actin 1-3 Trem-actin
Grade 5, 264-1 2-4 Trem-actin 2-5 Trem-actin
Grade 5 (1-day), 267-1 2=5 Trem-actin 4-8 Trem-actia
<1 Anthophyllite
Head feed, 291-1 21-26 Trem-actin 6-9 Trea-actin
Extract, 294-1 1-4 Trem-actin 1-3 Treg-actia
Baghouse mill, 297-1 8-12 Trem-actin 2-6 Trem-sctin
Screen plant, 288-1 2~5 Trea-actin 1=4 Trem-zctic
S.C. Grace
Grade 3, 430-1 <1®  Mized 2-4  Trem-sctin
‘ Anthophyllite <1 Anthophyllite
b Trem-actin
Grade 4, 433-] <} Hixed 1-3 Anthophyllite
Anthophyllite 1-4 Trea=-actin
b Trem-actin
Grade 5, 4271 <1 Mixed 4=6 Anthophyllite
Anthophyllite 2~4 Trem-actin
Trem-gctin
Mill feed (+100 mesh), <1 Mixed 1-3 Anthophyllize
436-1 . ' Anthophyllite 6-9 Trem-gctin
b Tremr-actin
Grade 3, expanded, 439-1 <1 Mixed <1 Anthophyllite
A=thnophyllite <1 Trez~actin
b Tremeactin
Grade 4, expanded, 442-1 <1 Mixed <1 Anthophyllite
Authophyllite 0,5-1 Trem-actin
Trem-actin
S.C. Patterson
Uograded, 373-7 <1 Mized 4-8 Anthophyllite
Trem-actin 8-12 Trem-actin
Anthophyllite ’

a With the exception of Sample No. 267
Samples.

b Fiber bundles were mixed
tremolite~actinolite were present.

Source: MRI 1982,

-I, all results are for composite
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Table 9. Summary of Electron Microscopy Analysis

Asbestiform fibers, all leagths

b Amlylin.c Azxphibole Chrysotile
. Priority” exfolisted Fibers/g yacg Fibers/g Mass
Sample sample oo yes x 108 (pp@) x 108 (pp=)
Libby Grace
gade 1 -3
270-1 X 31.6 78 0.9 3.5z 10
Orade 2
276-1 X 23.4 48.5 0 0
Grade 3 P .
259-1 X 38.9 210 0.9 0.0l
259-0 X 25 59 < 2.1 - .3
259-1 X 42.0 250 0.4 6.1 x 10
259-0 . X 59 240 <1 -
Grade 4
282-0 X 1 1
282-1 X 65 460 0 o
282-0 X 1.8 17 < 0.4 -
Grade S P
264-1 X 118 840 - -
264-0 X 100 600 < 1.4 -
264-1(0) X 127 1,200 - -
264-0(1) X 98 570 - -
264=1 X 142 2,600 - -
26:1=0 X 160 1,800 < 1.6 -
264-1(0) X 119 350 - -
264-0(1) X 110 2,600 < 1.6 -
Head feed P
291-1 X 62.5 670 1.4 0.13
231-0 X 130 690 1.2 <1
261-1 X 73.8 590 - -
Extractor -3
294-1 X 55.0 420 0.7 3.4x 10
Mill dust
297-0 X 100 4,600 - -
297-1 X 177 35,000 - -
Screening dust
288-0 X , 300 3,000 < 1.6 -
288-1 X 1,800 41,000 - -
(continued)

Source: MRI 1982.
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Table 9. (continued)

Asbestiform fibers, all lengths

oy Analysis,c Amphibole . Chrysotile
a Priority exfoliated Fiberz/g mass [Fibers/g Mass
Sample sample no yes x 109 (ppm) x 108 (Ppm)
$.C. Grace ’

Srade 3 P ’ -4
430-1 X 1.0 0.55 0.1 5x 10
430-0 X 2.7 <1 < 0.3 -
430-1 X 3.1 3.7 - -
430-0 X 2.4 1 < 0.5 -

Grade 4
433-1 X 1.6 6.5 - -
433-0 X 2.7 35 < 0.3 -
433-1 X 3.1 1.4 - -
6330 X 2.7 2 < 0.3 -

Grade 5 P
427-1 X 0.6 1.5 -

427-0 X 17 37 2.6 - -4
427-1(0) X 3.0 4.8 0.0? 1x10
427-0(1) X 31 130 2.6 <1
427-1 X 3.s 4.1 - -
427-0 X 2.9 120 < 0.3 -
427-1(0) X 3.2 7.3 - -
427-0(1) X 2.4 9 0.9 <1

Head feed b4
436-1 X 0.3 0.49 - -
436-0 X 12 22 0.3 <1
4636-1 X 1.3 0.81 - -

Grade 3 exfoliated
439-1 11.7 - - -

S§.C. Pstterson

Leneficiated

Ungraded P - -4
573-1 X 0.03 3.7 x 10 0.03 1.4 x 10
573-0 X 1.7 27 < 0.3 c -3
§73-1 ' X 0.5 3 0.2 5.3 x 10
$73-0 X 1.1 4 < 0.3 -

4 The "I'" and "0" following the sarple pumber indicate the analyzing labora-
tery, IITRI and ORF, respectively. The "(I)” and “(0)" indicate the
counting procedure, e.g., 264=1(0) are the results from IITRI using the
ORF procedure.

® Sevea samples were designated as priority samples for compiete analysis at
the time the program was reduced in scope.

C Apalysis was conducted on the sazples as received and following laboratory

exfoliation, which ualike commercial exfoliation, dees nct cause sample
fractionation.
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amphibole content and indicate that considerable asbestos 1s removed from
the vermiculite during benefictation. The South Carolina vermiculite
appears to contain substantially fewer asbestiform fibers than does that
from Libby, Montana. The laboratory-exfollated vermiculite samples do not
appear to contain significantly more asbestiform fibers than did the same
samples analyzed before laboratory exfoltation.

Table 10 1s a summary of the phase contrast results of the air
samples. Only one of the analyzed air samples exceeded 2.0 fibers/cc.
However, the rainy weather conditions at the time of sampling for all
three locations might have resulted in lower than ncrmal fiber counts.

MRI concluded that the IITRI and ORF resulis were in general agreement
within the expected range of variability of the methodology. However, it
can be seen from Tabie & that their results ofter differ by as much as an

order of magnitude. These cata are included in the summary of monitoring
data seen in Table 11.

6.2 Monitoring of Exfuliation and Product Formulation

OSHA has monitored fiber levels at the 0.M. Scott plant in Marysville,
OH. The data are summarized in Table 11. Note that ‘nformation is
lacking on analytical methods.

The following kinds of samples have been collected:

e Area samples. Samples have been taken in the expander
(exfoilation) areas and in other parts of the bullding. Results

are expressed as total fiber counts; fibers have not been cenfirmed
as asbestos.

s Personnel samples taken during the performance of various
activities (Tabie 11). These fibers are presumed to be aspestos.

¢ Bulk vermiculite samples from different suppliers and from waste
generation (Table 12).

6.3 Monitoring of Ambient Air Near Mines and Milis

The MRI monitoring study (MRI 1982) included some area sampling in the
vicinity of mines and mills (Table 10, stationary samples). A maximum of
0.5 f/cc was recorded in Libby about 4.5 km downwin¢ of the mine. A
concentration of 0.03 f/cc was recorded at the W.R. Grace mine in Enoree;
0.05 f/cc was reported 100 m down.ind of the mill. tevels reached 0.02
f/cc within 50 m of the Patterson site in Enoree*.

*Distance from source was not reportad in MRI (1982); data is from
persona]lconmun1cat1on between Gaylord Atkinson, MRI and John Doria,
Versar, Inc.

40



[

Table 0. Resuits of Phaso Contrast Analysts ot Alr Semples Collected at Three Sites

Sampia Flibers / cc

Sampie vol, (2) ORF . 11 TR
LIBBY, GRACE

106 Flold blank® - <0,02 0.04

133 Fleld blank® - 0,03 0,05

Porsonnel Smg_l_g_s_

131 Front joader, mine 303 0,02 ' 0,04

148 P1t houl driver, mine 297 <0,01 0.01

138 M1no analyst, mine 9 1.8 : 19

141 Bottom opurator, miil 276 1.2 : Q.4

130 No. 2 oparator, mil 285 3.t 9.7

139 Dozor operator, mine 270 0,02 0.2

10} Shuttio truck, botwoon

scropnlng and slzlng plent 38% 0.1 0.2

Statlonary sanples

104 Scroonlng plant, DW 390 0.08 0.5

111 Screuning ptant, DW 368 Ol 0.02

108 Tratlor court 169 0.03 wub

136 Noe 8 substation "t 0,03 0.02
SONTH CARQLINA, GRACE

312 Flold blank? - <0,02 0.04

346 'lofd blank® - <0,02 0.02

HMino porsonnel sarples

310 Truck driver 251 <0,0! 0.3

301 Dragline oparator 240 <0, 01 NOP

Mine stationary samples

307 Mine (M) crosswind 29 . 0,01 0.02

523 Mine (E) downwind 154 0,01 . 0,02

338 Mlne (W) upwind 264 0,03 0,01



ey

Tebie (0. (contlinued)

Sample Flbers / cc

Sample vol, (%) ORF HITRY
M!{1 and exfoliation peisonnel samples
340 MII T monlior 340 0,03 0,03
321 MHT lab tochniclan 478 0.07 0.2
347 No. 4 bagger, oxfollatlon 314 0.06 0.1
330 No. 3 bagger, oxfollatlon 285 0.1 0.05
MILL stationary samples
328 MIEL (ENE) Gownwlnd 207 0,05 0,04
335 MILT (M) crosswind 80 0.04 NP
300 Scrooning plant (loor 354 0,06 0. 14

SOUTH CAROLINA, PATTERSON
505 Fleld blank® - <0,02 <0.01
533 Flold blank? - <0,02 0,02
Bonoticlating and expanding
Personnel sarples
508 Paylooad operator 255 <0.01 0.04
520 Plant for oman 252 0,01 0.3
542 Bagger/forkiift 249 <0,01 0.1
Statlonary sanples
513 (NE) downwind 188 <0,01 Nob
506 Control off-site 274 0,01 no®
515 (SE) croscwlind 29 0,01 0,01
528 (SW) upwlnd 147 0.02 NP

Bvaluas for blanks wore calculatod assuming a 100-11ter sample.
PND: No flbors detocted (100 grids).

MF = Ontarlo Rosoarch Foundatlon,

11TRI @ |IT Rosvarrh Instituto,

Source: HRI 1981,



Table 1). Summary of Monltoring Data for Asbestos-containing Vermiculite

Sampiing and Nurber Asbastos fiber
analytical of . concentration, f/cc
Population methods observations oRFd  IIIRI®  WIN MEAN BAX Comments
1. OCCUPAYIONAL
A. HNipers and millers of
vermiculite
¢ Grace mine and mill at PS,
Libby (MRL 1982) on 1 0.02 0.04 Front loader, mine
) <0.0N 0.6! Pit hau! driver, mine
) 1.5 1.9 fine analyst, mine
1 .2 0.4 Bottom operator, mill
1 3.1 9.7 No. 2 operator, mil) Dozer
1 0.02 0.2 operator, mine
] 0.1 0.2 Shuttle truck, between
plants
~ e Grace mine at Emdree Ps, 1 <0,0} 0.3 Truck driver
w (MRY 1982) oM \ <0.01 WD Dragline operator
s Grace mil} at Enoree Ps, L 0.03 0.03 #1111 monitor
(1R1 1982) [». ] 1 0.07 0.2 Mi11 tab technician
e Patterson mill
{see 1 C.)
8. Importers and exportors of
vermiculite
€. Exfoliators of vermiculite
s Craoce facility at Enoree  PS, 1 0.06 0. Ho. 4 bagger
(N8R 1382) : oM 1 0.1 0.05 No. 3 bagger
e Patterson facliity T .
‘bencFiclatlon, PS, 1 <0.0) 0.04 Paylosd operator
exfoliation) at Enorece ON 1 0.0 0.3 Plant foreman
(MR 1902) 1 <0.01 0.1 Bagger/fork)ift



Table W,

{continued)

P

* O.M. Scott, OSHA personnc! PS
(OSHA 1979)

® 0O.M. Scott, OSHA area AS
(0SHA 1379)

Users of unexfoliated
vermicul ite

1. Stee! workers

2. HMsnufacturers of gypsum
wallboard

(a) Wholesale/retail
traders of wallboard

(b) Installers of wall.
board

Users of exfollated
vermiculite

1. Producers of lightweight
aggregates

(a) Users of plasters,
concretes, and
aggregates contalning
vermiculite

10
n
22
12

12

24
24

N ot e N

0.21
0.3%
0.21
0.19
0.096
0.044
0.3

1.1
0.036
ND

ND
ND
ND
RO

Screens and mil)s

Screens and mills, blender
Cleaning dryer

Paddle mixer, dryer
Control operator

Feeder operator

Process operator, expander
area

Track untoading area
Packaging

Dumping, reblend, and
sweeping ‘

lronized control room -
HWarehouse: receiving arca
Harehouse: mid-aisle
Polyform track area



Table 11,

{contnued)

34

3.

(t) wholesale/retall traders
of lightwelght aggregates

Producers of vermiculite
tnsulation

(a) Users of vermiculite
insulation for loose filY,
block €i11, and packing.

() Wholcsale, retall traders
of vermiculit . ‘nsulation

Producers of agricultural and
horticultural pruducts contaln-
ing vermiculite

¢ O.H, Scotl (sca 1.C.)

(a) Users of agricultura) and

horticultural products con-

talning vermirulite

(1) U<ers of pesticides
and fertilizers

(1) Users of horticultural
media

(2) Uscrs of cattle feed

(3} Users of hatchery and
poultry litter

(b) Wholesale/retail traders
of agricultural and horti-
cuttural products contain-
Ing vermiculite



Table 11,

(cont inued)

9%

4. Producers of minor vermicul ite-
containing products

(a) Producers of vermiculite

(b)

(c)

(d)

filters for poliution con-
tro! and similar uses

(1) Users of vermiculite
filters in waste-
water treatment

(2) Users of vermiculite
for nuclear waste dis-

posal

(3) Users of veimiculite
filters for air
purification

Producers of oil well dril-
1ing muds

(1) well drillers
Producers of art.ficlal dust
and flreplace ashes from

vermiculite

(1) Motion picture industry
workers

Producers of refractories
and firebricks

(V) Users of refractories
- and firebricks

(2) Miscellancous users of
vermicul ite products



Ly

Table 1).  {continued)
(3) Hiscellaneous wholesalter/
retallers of vermiculite
groducts
5. Transporters of vermiculite
{a) Truck drivers Ps, <0.0} 0.3 See 1.A.
(b) Ship and dock
workers on
{c) Rail workers
(d) Warchousemen AS See 1.C.

1I. TRANSPORTATION AND STORAGE
SPILLS

T11. CONSUMERS

A. Homcowners insulating
attics

B, Users of lawn and
garden fertilizers

C. Users of hcuseplant
potting soil

D. Users of kitty litter

E. Users of vermiculite
in barbecue griltls

Iv. DISPOSAL
V. FoO

VI. DRINKING WATER



8f

Table 11. (continued)
VII. AMBIENT ENVIRONMEN]
A. Air
1. Concentrations around
mines and mills (MRI 1982) oM 13 <0.01 ND- Within S km of source
0.1 0.5

8. Water
C. Soil

20RF «~ Ontario Research Foundation analysis of split sample.
PIITRI = 11T Research Institute analysiz of split sarple.
ND = Not detected.

OM = Optical (phase contrast) microscopy.

PS = Personnel sample.

AS = Area sample,



Y

Teble 12. Asbestos in Bulk Samples frem O.M, Scott and Sons Co.

No. of Asbestos
Saurce Analytical mthod obscrvations detected
Libby (unexfoliated) unknown 2 none
Libby (exfoliated) unknosn 2 none
S. Africa (uncxfoliated) unknown 1 none
5. Africa (cxfoliated) unknown 1 none
Cyclone waste unknown 2 none
Uryer waste unknown 4 none
Contra) vacuun waste unknown 1 none

Source:  OSHA, 1919,



6.4 Estimates of Environmental Concentrations of Asbestos from
Vermiculite

Because the primary exposure pathway for asbestos released by the
mining processing, use, distribution, and disposal of vermiculite 1s via
inhalatio-, atmospheric concentrations of asbestos are central to the
developmer,. of an integrated exposure estimate. Two basic types of
emissions can result in exposure: (1) releases during exfoliation, and
(2) releases during the use of vermiculite-containing praducts. Estimates
of atmospheric concentrations resulting from these emisutons are discussed
in Sections 6.4.1 and 6.4.2. Atmospheric modeling in Section 6.4.1 was
performed by Scott Reingrover of General Software Corporation and BN
wood, Joan tLefler, Loren Hall, and Annett Nold of the Chemical Fate Branch
of EPA/EED. No effort is made to differentiate concentrations for
different fiber sizes of asbestos, despife the fact that fiber size mey
affect risk, because the acsumptions and avatlable data underlying these
estimates are too crude to support this type of analysis.

6.4.1 Releases from Exfoliation Plants®

The releases from the model exfoliation plant described in the
reguiatory options Jocument (GCA 1980) were used to represent source
strength at exfoliation plants. Emissions were assumed to occur uniformly
over 3 year. The mode!® plant rates were cited without a particle size
breakdown. The asbestos fibers of respirable size are of concern, and
these are much smaller than the vermiculite particles of large enough
sizefor the commerclial grades. 1t was assumed that the releases escaping
the baghouse provide an estimate of the Juantity of respirable particles.

The basis for the assumption is that the baghouse would tend to trap
Yarger particles.

Emissions from the baghouse were cited as 0.58 kg/hr (0.16 g/sec) of
vermiculite and 0.026 kg/hr (0.01 g/sec) of asbestos. Other engineering
data were not documented, but the effluent from the exfollatiou furnace to
the baghouse was estimated to be 5,200 ft3/min (2.45 m3/sec), escaping
the baghouse at 300°C. The work year for the plant was 6,000 hours.
Exposure estimates were made assuming emissions of 0.01 g/sec continuously
for a year. This assumption of continuous emissions does not take into
account the 6,000-hour work year; modeling results may therefore be
overestimates by more than 50 percent, and should thus be considered
worst-case averages.

The Atmospheric Transport and Diffusion Model (ATM) (Culkowske and
Patterson 1976) was used to provide estimates of annual average fiber
roncentrations surrounding the model exfollation plant. Input parameters
for the ATM simulation are presented in Table 13. Meteorologic conditions

(198:')’”“”‘ of th's section were provided by Annett Nold; EPA/EED/CFB
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were based on wind rose data for a weather statlon in St. Louis,
Kissouri. Deposition processes, including washout, were included. Two
simpler models were also used td bracket exposure levels. The results are
summarized in Table 14. Worst-case concentrations, which would exist for
short tlne spans (approximately an hour), were also estimated using a
simple Gaussian plume model, PTMAX (williamson 1573, Turner 1969). The
wirst-case results are on the order of 1 to 10 ug/mé {see Table 14).

The annual averages provided by ATM are of greater utility for estimating
cumulative exposure. The ATM generates annual averages for sectors
surrounding the source using wind rose data. As a rule of thumb, the
annual averages near the source tend to be two orders of magnitude less
than the worst cases found by PTMAX, and this was roughly true in this
study. The position and magnitude of the maximum concentration are:
sensitive to wind speed and direction and atmospheric stability. For the
St. Louls wind rose, the maximum moves around the geographic area rather ]
than remaining localized, so that averages are much lower than the ‘
maximun. Sensitivity with respect to source height and temperature was
tested with additional trials of PTMAX and ATM; near-source con.entrations
from ATM vary over almost an order of magnitude but concentrations more
than a kilometer away are much more stable. '

The National Oceanographic and Atmospheric Administration's '
Atmospheric Turbulence and Diffusicn Laboratory box model (ATOL) provides
a simple representation of annual average pollutant concentrations near a
point or area scurce. The model is based on centering the source in an
area defined by the programmer; in this case, a box 20 km by 20 kn wid
and 150 m nigh was chosen. These dimensions approximate the distan e
within which £ibers from the exfoilation plant may contribute - ¢
significantly to background. Emissions of 0.01 g/sec asbestos into a wi
velocity of 5.5 m/sec were used; this represents age meteoroloéical 2 : d
for St. Louis. Results (Table 14) are within the range predicted by :T: A

Figure 6 is 2 reproduction of the ATM print : :
are generated for each of the 10 distances fromoggefg;u:::saagclgit{; data
directions. .Population data are included for each of the wind- fe i
sectors; these data arn retrieved via a computerized interface r?sef
SECPOP, a file of Bureau of Census data. Figure -7 summarizes t: th
and extremes of the concentrations estimated by ATM, and {11 e averages.
rapid decline In:levels as distance from theASOUrce.increasegStratgs the

It is assumed that the St. Louis meteorolc i b
plant emissions will produce estimates of the gnsilogégﬁti?‘;‘“e model
seen around all exfollation plants. For the purposes of tms_onceni:,ra'l:ions.
- assessment, the St. Louis ATM data will be applied to th xposure -
with exfoliation plants, although it ; e other 46 cities

: i :
wind patterns w111 vary from location io'7§2§2}§§d't“a“em1$s§on rates and
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Table 14, Modellng Estimates of Amblent Asestos Fiber Concentrations
Surrounding 3 Vermlcullte Exfoilation Plant?®

Area annual

¥Wind-rose sector
_ " Stort-term . - dverage concentration, annual average
Asbestoe worst-case asbestos (20 ka box) . €10 km radlus)
release concentration, ug/a> vg/oe : vg/n®
rate, g/sec ey - _(ATDL box model) (ATM)
0ot " 1.0 to 10.0° .50 x 1074 1.0 x 107¢ 1o
’ ) 4.0 x 1072

®yvalues range oﬁr several orders of ragnitude due . to varying wind dlsperslon patterns.

Source: Annett Nold, EPA/GED/CFB (1381).
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Figure 6. ATHM-SECPOP Annual Average Concentration Estimates for
Wind Rose Sectors of St. Louis, ' ‘
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6.4.2 Releases from Use of Products Containing Vermiculite

Asbestos concentrations to which consumers may be exposed were
estimated for three applications of vermiculite; these include loose-fill
" insulation in attics, a component of garden fertilizers, and a component
"~ of lawn fertilizers and herbicides. These uses were identified as having
th2 most stgnificant consumer exposure potential. Vermiculite's use as an
aggregate results largely in occupational exposure during appiication of
plasters anj concretes. Once in place, the vermicuitte 1s contained
within 2 matrix and will not release asbestos fibers.

{1} VYermiculite Loose-f111 Attic Insulation. The calculations of .
asbestos concentrations generated by homeowner installation of vermiculite
insulation in attics were based on engineering assumptions, monitoring
data, materials balance Information, and experimentally-determined release
rates. It was assumed that the raie of vermiculite applicatton would be
constant over an elght-hour perlod {the duration cited by JR8 (1982)). No
air exchange was factored in, and 1t was assumed that all fibers released

‘would remain airborne.

The materials balance data furnished by JRB {1982) indicate that 510
kg of vermiculite are used in an average attic, which would have a volume
of 158 m3. 1t s assumed that 1 percent of the bulk vermiculite {of the
grades used in insulation) 1s asbestos. This assumption is based on the
data in MRI (1982), although few samples of exfollated vermiculite were
analyzed. Some exfollated vermiculites wiil contatn less than 1 percent
asbestos. One percent is used as a reasonable worst case.

The release of dust into the air was estimated by simulating the
pouring and spreading action involved in installation.
Horticultural-grade vermiculite was obtained; it is assumed that it is
roughly equivalent to that use¢ for insulation. The vermiculite was
weighed on an electronic balance accturate to 0.1 g, poured, then
reweighed. The amount lost was the dust that did not settle immediately
after pouring, and made up 0.0425 percent of the total mass.

I¢ S10 kg of vermiculite are applied evenly over etght hours, the
hourly rate is 510/8, or 63.75 kg. The hourly asbestos release to the
atmosphere 1s calculated by multiplying the release rate, percent
asbestos, and the application rate.

0.000425 x 0.01 x 63.75 kg = 0.00027 kg

In a 158 nd attic volume, the concentration after one hour would be
0.00027 kg/158 m3 or 1,700 wg/m. If no fibers settied in the
eight-hour period of application, the concentration of asbestos in the
attic would reach 13,500 wg/m3 (see Figure 8).
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The assumptions involved in this calculatien make it a worst-case
estimate; 1t ¥s probable that some of the dust will settle out, and
ventilation n the attic will remove some of the dust. The Yack of:

particle size data prevents use of settling velocity data (such as that
shown in Figure 2).

(2) Vermiculite-carrier Garden Fertilizers. Atmospheric
concentrations of asbestos resulting from the use of vermiculite-based
fertilizer in yardens were astimated, based on product information,
monitering data, engineering assumptions, and experimental results.

A dust release rate of 0,0643 percent was obtained by weighing a bag
of garden fertilizer before and after pouring; some alr movement was
simulated during the experiment. 1t was assumed that the dust composition
was identical to the product formulation given on the package; therefore,

about 20 percent of the dust was vermiculite, of which one percent 1is
asbestos fibers. ‘

The 10 1b. bag of fertilizer is designed to treat 600 ft2, which is
assymed to be the area of an average garden. Relz2ase of dust s

continuous over the area, and all fibers are assumed to remain suspended
in the air.

Treatment of a 600 £t2 garden with a 10 1b. (4540 g) bag cf
fertilizer will result in the release of 0.0058 g of asbestcs fibers:

.000643 (dust release x 4540g x .20 {percent x 0.01 (percent = 0.0058g
facter) vermiculite) asbestos) -

T€ this asbestos fiber concentration s contained within the irmedtate
area of application, the volume of air affected mey be estimated as

600 ft2 x 6 ft or 3600 £t3 (102 m3);

this simpie box model provides a worst-case approximation of short-term
cancentratinns.

The concentration of asbestos fibers released from garden fertilizer
use is therefore:

0.0058 g + 102 m3, or 57 ug/m3.

This concentrztion 1s the accumulation of al) the fibers released during :
application and s the maximum that might be expected. A concentration of
28 ug/m3 would be expected after half the fertilizer is applied; a

11?§ar function such as that seen in Figure 8 s assumed in this model as
well, : :
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{3) Vermiculite-tarr?er Lawn Fertilizers and Herbicides. The release
‘rate (0.0643 percent) obtained for garden fertilizers was also used in
this approximation. Other factors remzin the same, with the exception of

product-specific information:

* 15 percent of the product 1s vermiculite, approximated from package
Information and patent formulation data (U.S. Patent No. 3,083,039)

* 7.6 kg treats 465 me, from package information.

It was_estimated that the average lot size iy one-quérter acre
(1010m2). The asbestos released from lawn fertilizer application can be

estimated:

© 0.000643 (dust release x 7600q product x 1010 m2 x 0.15 (percent
rate) 465 m2 vermiculite)

x 0.01 (percent’ 2 15,900 ug
asbestos)

A box model (1.8 m by 1010 m2, or 1818 m3) 35 used to calculate the
asbestos concentration after all fertilizer s applied:

15,900 mg = 8.7 pg/m3 asbestos
1,818 ﬁﬂ

The concentration after one half the fertilizer had been appiied would be
4.4 wg/m3. '

This type bf simole model assumes that mixing is homogeneous and
instantaneous within the box; although this is not 2 valtd assumpcion, it
serves the purpose of estimating worst-case exposure. '
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1. EXPOSED POPULATIONS

The following secttion presents the best avallable data concerning the
number of nersons exposed to ‘asbestos-contaminated vermiculite. In many
tases, the data apply to the total numbers of producers and users of
vermiculite; no attempt s made to estimate the proportion using the
asbestos-contaminated mineral. Section 7.1 iists the
occupationaliy-exposed populations, Section 7.2 deals with consumers of
ve-miculite prodicts, and Section 7.3 estimates the population exposed to
asbestos via ambient air near vermiculite emission point sources.

1.1 Occupational Populations
1.1 Miners and Millers

There are four active vermiculite mines in the U.S.: MW.R. Grace in
Libby, Montana; Grace in Enoree, South Carolina: the Patterson
Vermiculite Co., alse in Enoree; and Virginia Vermiculite in Louisa
County, Virginia. The Grace mine in Libby produced 181,000 kkg of
vermiculite in 1979 (JRB 1982). Ore is mined by bench quarrying using
power shovels and ammonium nitrate blasting. After mining, it is hauled
by trucks to a nearby primary processing plant and then to the mil} {JRB
1582). The Libby mine employs 250 persons (ELS 198C}. Thr Grace wmine at
Enoree produced 119,000 kkg tn 1979 (JRB 1982). Ore is mined from
several open pits, exploited with 1ittle or no blasting. It is then
hauled by trucks on public roads to a central concentrating mill {JRB
1982). Based on operations at the Libby mire, it s assumed that the
Grace mine at Enoree employs 200 persons. The Patterson Vermicaoiite
Company mined 5,000 kkg in 1979 (JRB 1982). The ore 1s minec¢ from open
pits and hauled by trucks to the mill two miles away (JRS 15E?).
Patterson has bestween 20 and 49 employees (£IS 1980). The Varginia
Vermiculite mine began operations in 1979, mining 9,000 kkg (JRS n982).
Further data are unavallable. Using figures for Patterson as a guide, it
1s assumed that the Virginia mine employs between 20 and 49 person,.

The total number of employees involved in vermizulits mining and
miliing 1s between 430 and 548. Over half of these workers are expe: ted
to be non-operating support personnei {Humsicker and Sittenfleld 19723); -
therefore, these figures are an upper iimit for exposure.

7.1.2 Exfoilators

There are 52 vermiculite exfoliation plants in 32 states (JRB 1932).
Employment figures for these plants (see Table 15) represent an upper
1imit for possible vermiculite exposure. Pcpulations may be :
overestimated for the following reasons: {1} floures include clerical

personnel who may not be directly expeosed and (2) non-vermiculite

)
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Table 18§,

location, Emploment, and Products of LS. Exfollation Plants

" Name tocation Nunber of Product
employees
Brouk Co, St. Locls, KO
Cleveiand Builders Supply Co, Cleveland, OH gypsum
insulation

Diversified insulation [nc,
JoP. Austin Assoc., Inc.

W.Re Grace Co., Construction
Products Dive -

W,R, Grace Co,, Construction
Products Dlv,

W.R, Grace Co., Construction
Froducts Div,

W.Re Grace Co,, Construction
Praoducts Div,

W.R. Grace Co,., Coastructica
Products Dlv.

W.R. Grace Co., Construction
Products Div,
W.R. Grace Co., dastruction

Products Dlv,

%.Re, Grace Co.,, Construction
Products Dlv,

W.Re Grace Co., Construction
‘Products Dlv,

Minneapolis, MN
Praver Falls, PA

irondale, AL
Phoenlx, AZ

North Littie Rock, AK 35

Newark, CA

Santa Ana, CA 200
Deuver.. Co

Poupans: &ac_h. FL 25
Jacksocaville, FL 36
Tampa, FL 75

oxfoliated varmiculite

concrete products

crude petroteun; oll and gas
exploration; exfoliated
veraicul ite

chemlcals

extoliated vermicul ite

fertilizers



Table IS.

(Gontlaued}
Nowe Iocation humbar of Product
erployees
¥.R. Graco 0o, Construction . Chicago, it 30 axtollioted vermicutl ite
Products Oive L . .
¥R, Grace $o., Construction Newport, KY 20 insuiation
froducts Dlve : .
W.R. Grace Co., Jonstruction  Hew Orleans, LA 100 constr .
ruet
Products Dive struction matertals
WeR, Grace Co., Construction Geltsviite, 3O 20
Products Dive
W.R, Grace Co,, Construction Easthawpton, MA 20 .
Products Div - m‘::?g Paper and board
¥.R. Grace Co., Construction Daarborn, M} 19
Products Sive insatation
W.Re Grace Co., Construction  Kianneapotls, Wy 35
wioilated
frodusts Div ® veraicul Ite; also come
' crete produsts L33+ ] ;mtm.s'
¥R, Grace Lo, , Construction Sty Louis, MO
Products Dlv, ’ pol ’s“:;!nd sanitary
) products
WeRs ::::;::.;{?smﬂm Omaha, N8 20 tnsulstion; alsa hoos g rovem
. meats {23 g ioyees) )
W.R. Grace {o., Construction Tranton, NI =5 .
Products Div. extoliated vermiculite
W.R, Grace Go., Construction Yoedsport, NY 50
Products Dlve ) Insulation
WeRe Grace Go., Construction Hign Point, NO 35
Products Div, :

&
[

extaliated vermiculits



labnle 15. (Continued)
Name Location Number of Pc;oducf
’ employees
¥.R. Grace Co., Construction  Okiahoms City, OK equiprent rental and leasing;
Products Div, . crude petroleum, ofl and gas
exploration, ¢oll tleld and
other machinas
WN.R, Graca Co., Oonstruction fortland, OR
Products Div,
W.R, Grace Co,, Construction New Castie, PA : 45 plastic products
Products Dlv, '
W.R, Grace Co., Construction Kearney, SC
Products Dlve
¥.R, Grace Co,, Constructies Yravelers Rest, SC
Products Dlv.
¥.R. Grace Co,, Construction Enoree, SC 133 exfollated vermlicul ite
Products Dlv,
W.R. Grace Co., Construction Nashelile, TN 20 insulation; also
Products Div. ) tertiiizers
(105 em loyeas)
W.R. Grace Ci., Ooastructicon San Atonlo, TX
Preducts Dive
W.R. Grace Co., Construction Daltas, TX soap and detergents
Products Dlv, :
We.R. Grace Co., ConstrucTion Miivaukes, Wi 21 chocolate and cocos,
Products Div. o exfriiated vermiculite
internstional Veralculite Co.l Girard, 1L 20 ~ 49 " miners! wool
Xoos inc, 100 - 249 agriculturat chemicals

Kenosha, Wi
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Table 15, (Contirued)
Name tocation Nmber of Product
eployees
Mica Pellaets, Inc, De Kalb, IL 20 = 49
Foblason lnsulating Coe Great Falls, MT lasulation
Roblinson lnsulating Co. Minot, ND lasulation
Schundler: Cos Metuchen, NJ 20 - 29 concrete block and brick
0.M, Scott Marysviile, Oh 1,000 - 2,499 for?illzors
Strong-Lite Products Plne 8luff, AK
Yer!iite Co, Tamps, FL
vermicullte of Hawail, Inc, Honotulu, H§
Yermicul ite Intermountain, Inc, Salt take City, UT
Yermiculite Products, Inc, Houston, TX
AJBe Dick Danver; co
Diversitied insulation vetlisviile, XS 50 - 93 bullding paper and
boord mills

Lite Walght Products Kansas City, X$
Patterson Yarmiculits Co, Enoree, s_c £
¥irginia vermicutlte louisa Con, VA s

v a Probably Included [ mining population figures (ses Tadie 1H.

Sources: EIS 1980
JRB 1982,
OSHA 1279,



containing products may also be manufactured at the plant; these products
are 1isted in the table when they are known. Persons involved $n
manufacture of such products may not be exposed to vermiculite.

A typical exfollation plant has three men in operations and two men
for other work per furnace for each shift (Hunsicker and Sittenfield
1979). However, not 211 employees exposed to vermiculite at these plants
are involved in exfollatlon. The cost of transporting exfoliated
vermiculite prohibits locating exfoltation plants great distances from
Tocations of further processing or end use. Therefore, about one third
of all exfoliated vermiculite is formulated into a final product at the
exfollation plant. The other two-thirds s bagged or shipped in bulk for
subsequent reformulation, rebagging, or use as 1s by the consumer (see
Tabie 16). Consequently, workers at the same plant may be exposed to
vermiculite by exfoliation, formulation, bagging, loading, or
combinations of these operat1ons

", Some exfoliation occurs at mine sites. W.R. Grace in Enorec is.
estimated to exfoliate 5,000 kkg per year at a plant near the mine (JRB
1982); 133 workers are involved in exfoliation there (Table 15).
Patterson exfoliates all its vermiculite at its mill; they ship no
unexfoliated vermiculite. The number of employees 11sted for the mine
probably includes exfollators. Virginia Vermiculite is estimated to
exfoliate 2,000 kkg at the mine site (JRB 1982); the number of employees
involved is unknown. No vermiculite is exfoliated at the Grace mine in

Libby (JRB 1982).

Employment figures are not availlable for some exfoliation piants
listed tn Table 15. Based on an average of 120 employees per plant,
calculated from known employment, the total number of workers in
exfollating plants (excluding the Patterson and Virginia mines) 1s

betiieen 1 694 and 1,979.
7.1.3 Other Occupationally Exposed Populations

Table 17 summarizes the populations exposed to vermiculite. Few data
are available on the extent of vermiculite use within each industry.
Therefore, the percentage of workers in each industry actually exposed to
vermiculite is often impossible to determine. Table 17 does include some
exposure data derived from the National Occupational Health Survey. In
using Table 17, note that exposure resulting from manufacture or
formylation of vermiculite-contalning products at the exfoliating nlant
is included under the heading “Exfolitation® and is not differentiated

from exposure resulting from exfoliation per se.

The uses of exfoliéted vermiculite are numerous, but 98 percent of
consumption falls into three major categories: 11ghtwelght aggregates,
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Table 16. Estimates for Yermicul (te Transportation from Exfoliation Plant

Exfollated vernicul lte (paccent of féfat)

End use » Bag Bulk | ~ use at plant

Aggregates , 2% 12

Insulation IR 0n

Agriculfurat chealcal carrler ' s 13

Growing m;!!a : 7 7

Other uses : 1 1
TOTAL : 64 3 33

Source: JRB 1982,
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Yable 17, Summary of E€stimated Population Exposure to vermlcul 14e?

Number Total ‘Number of .
Population of nurhar of persons Comments
estab)ishments persons exposed
te CCCUMTIONAL
A. Mines and millers of vermicul Ite 4 490 - 548 EIS 1980 _
o ) & Vergar estimate
8. imortors and exporters of vormicullte 7 »
C. Exfollators of vormicullte 50 1,694 - 1,979 EIS 1980
’ : 4 Versar estimate
0. lers of unexfoltated vermicullte
1s Stool workers
e Furnacomen, smelterman, and - 27 76 NOHS 1980
puurers
e - Matal molders 19 863 NOHS 1980
o AfY iron and stesl foundry 193,000 NOHS 1980
workers
2. -Manufacturers of gypsum wallboard
e Soo {.C.
{a) Yhotosalo/retall traders of
"walihoord
(b) instailors of woaliboard
) o 90 §.£. 1.00)
E« Usors of oxioflated vormicuttte
f+ Producers of {ightwolight aggrogates
e S0 1L,
(a) Users of plasters, concretas,
and aggregates contalning
vormicutlte
& Construction )aborers 622 10,753 NOHS 1980
e Comont and concroto finishers 40 440 NOHS 1980
® frick and stono masons 184 3,000 NOHS 1989



Table }7. (continued)

(&

Populaﬂoﬁ

Number
of

establishments

Total

nurber of
persons

Number of
persons
exposed

Comments

2.

3.

382

e Plasterers
352

o DOrywal!l Instollers
(b) Wholesale/retall traders of -
Hightwelght aggregates
o 3uliding material suppllers 40,600
Producers of vermicullte Insulation’
o Soe }.Ce
(a) Users of varmlcullte lasulation
for loose f111, block fifi, and’
packing ’
e Construction faborors
(500 1«E.1.(8))
o Insulation workers
o Shippors and recolvers
(b) Whotlesale/retall traders of
varmicul1to Insulation
o Oullding materlal suppllors
(%00 1.E.1(b))
Producars of agricultural
and horticul tural products
containing vermicullte
e Posticlide and forttifzor
" térmilators :
e fPraemixed soll tormsfators
e Csttie foed formsfators
o Hatchery and poultry
~ litter formulators
(a) Users of agricultursl/
horticul tura! products

72

294,200

44,000

4,242

16,204

298

NOHS 1980
NOHS 1980

Bureau of Census 1980

NOHS 1980

‘Buresuy of Census 1980
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1able 17, {cuntinued)

Nunmber Total ‘Numbar of
Poputot {on of nurber of per.ons Comments
establishments. persons exposed )
contalning vermicul ite
(1) Usora of pesticides
* and fertlilzors
® MNirserymen > 3,400 Amer. Assoce Nurserymen®
198¢ :
¢ Oroanhiousa employcos
e Gurdanars and groundskeepars 18 666 NOHS 1980
" e Londscope contractors
& Agricultural workars: family 299,000 Bureau of Census 1980
e Agrlcuitural workurs: wage 78 470 NOMS 1580
{aborers
(2) Users of horticultural media
e See lE€.3.(0)(1)
- 9 Florists 29,400 88, 000 Bureau of Cenzus 1980
(3) mers of cattle toed
{4) Usors of hatchory and
poultry jittor
(b} Wholosaia/rutrsit tradors of
ayr lculturat Mortlcul turs
praducts contalning vormicutllte ) . .
s Hardware storos 26,500 112,800 Buresu of Census 1960 .
® Lawn and gardon stores 15,500 27,000 Bureau of Census 1980
e Drug stores 44,400 440,000 " Buresu of Census 1980
e food stores 2,000,000 Bureau of Census 1980
e Fouod/tarm suppllers Bureau of Census 1980
¢ Ovneral merchandise .
reotaliers 2, 200,000 Bureau of Census 1980

.
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Table 17. (contimucd)

Population

Numboer Total
ot auber of

establ ishments persons

Commonts

4.

Producers of mlaor vermlcul lte ~

containing products

{a) Producers of vermicullte f{lters
. for poliution control and

tb}

(c)

(D

(o)

simflar uses

(1) Users of vermicullte fliters
In wastowster treatmnt

(2) Usars of vermiculite for
nucloar waste disposal
e tuclesr phystclans

{3) Users of vermiculite f1iters

for air puriflication
e irantum minors

Producers of ol well driiling muds

t1) Woll drilflors

Producers of artificlal dust ond
flroplace ashas from vormlcullte
(1Y Mstlon pictura ladustry workers
Producers of rafractorlas and

flrebricks

{1) tkors of refractorios and

fircbric.s

¢ Iron and stuol workers

(Son 1.N.1.)

e lon-ferrous foundry uorkérs

? 1,200

9,000

69,000

25

78,000

Ml scal laneous producers and usars of

vormlcul lta products
(1) Minyfacturers of:
o Palnt

317,000

Amarican Coll. Nucleer
Physlclqns 1981¢

Burasu of Census 1980

Bureau of Census 1980

Refractory lInst. |98|*

Burean of Consus 1980

Bureau of Census 1980



Yable 17. (continued)

Number -
of
estab)ishments

Populattion

Total

nurber of

persons

Number of
persons

. exposed

. Comments

Ename|
ink
Plastics
Rubber
Paper
Fabrics
Plywod
{2) Miscelloneous users of vermiculite
products
¢ Yolders :
& Vorkers sxposed to industrial
promixas
® Workers exposed to vermicul {te
sound Insulatlon
(3) Mlscollaneous wholesalers/retallers
of vermicul {te products
e Soe 1.E.3.(b)
e Dot stores
8. Transporters of vormicullte
1) Truck drivers

(21 Ship and dock workers
(3) Rall workors

o fralght handlors b )]
(4) Warohiousenon

tf. TRANSPORTATION AND STORAGE SPILLS

145,000
287,000

1,900,000

129

108

Bureau of Census 1980
Buresu of Consus 1980

Bureau o( Censys 1980
NOHS 1980

NOKS 1980
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Table 17. (continued)

A+ Homowners Insulating attics
Bs i%ors of tawn and garder fortl){zers
C+ Users of houseplant pottiag soll

e ‘Mombers of tbbby Greenhouse

© Ownors Assoc. of Amerlce 2 3,000

< 74,400,000

- o House plant owners > 45.500.060
D. Usors ot kitty iltter 15,000,000 - <3,800,000
C. "Usors of vormicullte In barbacue grilts

IV. DISPOSAL

Ve FOCD

Vi. DRINKING WATER
Vit. AMBIENT

As Alr . . 7
t. Porsons near minos and milis ' 4 4,600 4,680

2. Porsons noar exfollation sltes 5% 13,147,496 13,147,496

3« Porsons noar ysers of vormicullte

] Number Total Number of .
Populatlion of number of persons Commants
] establistments persons exposed
t11e CONSIMERS
94,000 188, 000 188,000 Vorssr estimate

SHR8 ;@0

Encycicpedia of Assocla~
tions (1981)

SMRB 1980
SKRB 1960

€3t imates bused on Bureau

. of Census Advance Reports

for 1980 populstion

. (Burcau of Consus 1981)

Buresy of Census Advance
Roports for 1980 population
{Bureau of Consus 1981)
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Table 17. (continued) |

. Humber Toteal Hyrber of
Population ot nuvber of persons Commonts
astablistments persons exposed
fil. Wator
C. Lland

All avallable ond portinent data are onterod In the tabla; no entry {ndicatos that no data are
ovallablo. :
. i’orsonnl comninlcatfon botwoon Dubra Ol i lard of AAN and Pat Wand of Versar, Hovember 2, 1961,
t fursonat comsunication betwoon Susan Thomas of ACNP and Pat Wod of Versar, November 19, 1981.
%

Porsoncl commnlcatlon botwoon Batty Larch of BRI and Pat Wood of Yorsar, Novomber 127, 1981,



tnsulation, and agricultural uses (JRB 1982). About two-thirds of all
vermiculite is used in the construction Industry for Yightweight
aggregates and insulation. The following uses of vermiculite are
summarized from the materials balance (JRB 1982). :

(1) Lightweignt aaggreqates (JRB 1982). Lightwelght aggregates
include concrete aggregates, plaster aggregates, and aggregate premixes.
More than 95 percent of veruiculite concrete is batched and poured on :
site from vermiculite bagged and shipped from the exfoltating plant. The
remaining 5 percent 1s batched in bulk at concrete premix plants., About
2.5 percent of the vermiculite concrete industry consists of precast
products, mostly brick and block. : :

No data are avatlable on the number of vermiculite concrete premixing
or precasting plants. Installation of vermiculite concrete is performed
by a very small number of specialty contractors. . :

Vermiculite can also be mixed with gypsum or Portland cement to faorm
a plaster. This s applied by spraying or by hand troweling to metal
.surfaces or to walls and cedlings. The use of vermiculite plasters in
walls and cellings is decreasing. : _

vermiculite plasters may be mixed at the censtruction site or
formulated into premixes at the exfoliation plant. Plasters and premixes
are used mainly for soundproofing, fireproofing, decorative finishes, and
anti-condensation coatings. In addition, vermiculite premixes have
industria® applications in chemical plaats, il refineries, and mines.

(2) Insulation (JRB 1982). - Vermiculite for insulation is bagged and
shipped directly frem the exfoliation plant, Exfoliated vermiculite may
be used as loo0se-f1171 or as block-f111 1nsulat

fon. " In the first case,
vermiculite s pcured between the rafters in attics and Yeveled; this is

often a consumer use. In the cecond case, vermiculite s poured into the
cavities of concrete blocks as a wall is being constructed.

Minor uses of exfoliated vermiculite insulation sre in fhe backing of
chemicals to prevent Teakage in transit, and in the

disposal of
radioactive waste, especially nuclear pharmaceuticals.

Unexfollated vermiculite s used in iren and steel foundries to
insulate hot 1ngot;. :

(3) Agriculture and horticelture (JRB 1962). Vermiculite is used as

a carrier for agricultural chemicals and ip plant grewth media.

vermiculite 15 prodably no fonger used in the U.S. a- & carrier for
commercial pesticides and agricultural fertilizers, However, it 1s still



4 common ingredient in lawn and garden fertilizers used by gardeners and

groundskecoers, lardscapers, nurserymen, and homecwners. About
three-fourths of these mixtures are formulated at the exfollating plant.

Vermiculite 1s also commenly used in growing media. Half of the
vermiculite so used s formulated by the distributor into soil and
sotlless premixes; of this, 75 percent s shipped to greenhouses and the
rest retalled to the consumer. The other half is bagged as is and
shipped from the exfollator to the distributor as *horticultural grade®
vermlculite. It 1s probably not rebagged. It 1s used mainly as a mulch
and soil conditicner, for hydroponics, and for packing bulbs and seeds
for transportatton. Of this horticultural grade sold, 50 percent is sold
to landscapers, 30 percent to greenhouses, 15 percent to nursery and
garden centers, and 5 percent to retxii consumers (JRB 1982).

- Vermiculite has minor agricultural uses in livestock feed, hatchery
and poultry litter, and seed encapsulation. Few persons are expected to

be exposed via these uses.

(4) Retal) (JRB_1982). Vermiculite has a number of consumer uses,
and may be offered for sale in virtually any kind of store that sells

merchandise for the home. It is also used in window displays.

(5) Castable refractorles and firedricks (JRB 1982). Vermiculite
has refractory uses in aluminum and ferrous metal foundries as a
component of moldicg sands and insulating cements and for other uses.
Vermiculite-containing firebricks are used in high temperature furnaces
and in other applicartions as listed in Table 17.

(6) Minor usec (JRB 19B2). Unexfollated vermiculite has a minor use
as a component of fire-resistant gypsum wallboard. Small amounts of
exfollated vermiculite are used as follows:

o As a filler and extender in paint, enamel, ink, plastics, and
rubber.

0 As fireproofing ir paper, fabrics, and plywood.

As a filtration aid in wastewater treatment, air purification in
uranium mines, and oll spiil ciean-up at shores and beaches.

o Ir o1l well drtlling muds.
o As an-anti-splatter agent in welding.

As artificial dust and fireplace ashes in the motion picture
industry.
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7.2 Consumer Populations

7.2.1  Attic Insulation

ATl leose-fi11 attic insulation is presumed to be installed by
homeowners themseives (JRB 1982). However, 1o data are available on
consumer exposure from this source. In order to estimate the nymber of
houses containing such insulation, 1t will be assumed that vermiculite
has been used in attics for ten years, Data from the Bureau of Mines
{1973 - 1980) indicate that a total of 476,000 tons of 1oose-fil}l
vermtculite insulation were produced in the nine-year pertod ending in
1980. By extrapolation, it may be assumed that 529,000 tons (480 millton
kg) have been produced in the past ten years. AN loose~f111 insulation
35 installed in attics (JRB 1982). If an average of $10 kg of '
vermiculite 1s tnstalled per attic (JRB 1982), then about 340,000 houses
currently contain lcose-fill vermiculite fasulation. Assuming that two
persons work at instaliing insulation in one attic, then 188,000 persons
are so exposed per year. If the average American household includes 2.73
persons (Bureau of the Census 1982), there are about 2.6 .m111ion people
Tiving in dwellings containing vermicuiite attic insulation.

The above figures are based on the assumption that vermiculite -
insulation has been installed only during the past ten years. It is
possible that the insulation has been used for a longer perlod of time
but no confirmation was available.

7.2.2 Lawn and Garden Fertilizers

Market research (SMRB 1380) indicatec that 33.8 percent of the U.5.
population buys lawn and garden fertiiizers each year (74.4 ailifon-
persons based on 1980 population figures). The percentage of lawn
fertilizers containing vermiculite s not known. Ortho and O.M. Scott
are known to produce fertilizers contalning vermiculite.

Estech General
has reported that vermiculite was removed from their vigoro product line
a few years ago (JRS 1982). Approximately 32 million heouseholds kept
gardens in 1976 and 1377 (USEPA 1980b).

It may be assumed that
fertilizer 1s used in all gardens, but again 1t is not known what

proportion of garden fertilizers contain vermiculite.

7.2.3 ‘Houseplants

The number of Amertczns who own at least one heuseslant is not kn
but probably includes the vast majority of the populat;on.‘ o

The
percentage of housaplant potting soils that contiin vermiculite is not -

known. The majority of houseplant owners probably buy plants th
already potted and keep them indefiaitely wtthoutyrepzt21ng; I the €

1f the soll
does contain vermiculite, it is probably kept fairly moist, is rare\ys(ﬁf
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ever) disturbed, and would therefore not be a significant source of
potential exposure. A small fraction of houseplant owners are hobbyists
who buy significant quantities of premixed sotl or who mix their own
soll, often using bagged horitcultura} vermiculite. They would be
exposed to vermiculite during mixing and repotting. Persons who
cultivate succulents or who frequently root cuttings would use the most
vermtculite. Market research (SMRB 1980) indicates that 46.6 millton
people purchase house plant food or fertilizer annuvally. This might be
considered an upper .1imit for exposure to potting sails.

There are at least 3,000 owners of hobby greenhouses (Encyclopedia of
Associations 1981) whose exposure to veraiculite should be comparable to

that of greenhouse employees sccupationally exposed.

7.2.4 Other Minor Uses

(1) Kitty Litter. Most 1itter box liners for house cats coﬁtéin
clay minerals; probably fewer than half contain vermiculite. About 15

millton people own cats, 51% of whom use cat box filler (SMR8 1980).
Assuming haif cf those consumers buy the vermiculite-containing product,
.the total exposed population would be about 3.8 mi1lion.

(2) Barbecue bases. Vermiculite 1s sold in bags to owners of home
_barbecue grills. The vermiculite is used to retain and reflect heat and
to absorb grease and drippings. There is no data on the number of
persons who barbecue outdoors. However, since barbecuing 1s a suburban
pastime and requires a certain minimum of yard space, the barbecuing
population is probably roughly comparable to the populaticn of persens
-who buy lawn and garden fertilizers. This is apparently taken for
granted by the distributors of the product, who usually recommend that
the used, greasy vermiculite be packed around shrubs as mulch.

1.3 Populations Exposed to Asbestos-contaminatedVVermiculite in_the
Ambient Environment . ] .

Persons 1iving near mines, mills, and exfoliation plants are exposed

to asbestos fibers emitted from baghouses and other control devices, as

well as uncontroltled fiber emissions. Section 5 discussed the transport
of these fibers from exfoliation sites; 1t was seen that the fibers were
widely dispersed within the 50 km radius addressed by ATM, affecting all

those Tiving within the area.

The four American vermiculite mines are found at three sites: Libby,
"Montana; Enoree, South Carolina (two mines); and Louisa, Virginia. The
estimated 1980 population of these three towns is 4,680 persons (Bureau
of Census 1981), all of whom could experience ambient exposure to
- asbestos fibers from mining and nilting operation emissions.
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There are 52 exfollation plants in 47 cities within the U.S. (IRB
1982). The inhabitants of these clities are exposed to various levels of
asbestos fibers. St. Louls was chosen as a representative site and was
used in the ATM-SECPOP model {see Section 6.4.1) estimating ambient
exposure from exfoliation. In the ATM-SECPOP results, all persons within
50 km were exposed to scme asbestos. For the purposes of this exposure
assessment, 1t was not possible to count the populations within S0 km of
each site accurately. Instead, 1980 Census data (Bureau of Census 1981)
were obtalned for most of the 47 cities. Table 18 1ists these data. The
total number of persons ambtently exposed to asbestos from vermiculite
exfollation 1s estimated to be 13,147,496. Section 8 will discuss the
Tevel to which each subpopulation within that total is exposed.

The procedure used to estimate this population 1s 1imited, and the

fiqures obtained must be considered approximations. The Yimitations
include:

S ‘Data were unavailable for three sites: Beltsville MD; Keérney.

SC; and Enoree, SC. Maps indicate that these are small towns. A
population of 1,000 was assumed for each.

It was not possible, within the scope and resources of this study,
to determine the exfoliatlon plants® actual locaticns, to see
whetiter nearby towns might be affgcted.

It was assumed that the total reported population within a town
would be exposed to some extent. ATM results Indicate that fibers
are dispersed to a 50 km radius, and it is unlikely that zny city
enymerated by the Census would exceed those bounds.

It was assumed that asbestos 1s present as a contaminant in the
vermiculite processed at all of the exfoliation plants. Actually,
some vermiculite 1s not contaminated with asbestos.

It is not possible to determine the number of persons exposed to
asbestos from vermiculite transport or ¢isposal; in many cases they would
be the same persons exposed via mining, milling, or exfcliation, since
disposal and transport would be localized around these industrial sites.

No significant amblent exposure via water or land would be expected.
Section 5, summarizing the fate and transport of asbestos fibers and

exposure pathways, shows that water and land are not important sources of
exposure to asbestos from vermiculite.
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Table 1B. Sites of Extoliation Plants and Populations Potentlally Exposed

CI#y'

1980 Population

St. Louls, MO?
Cleveland, OH
Mnnaapotls, W

Beaver Falls, PA.
lrondale, AL

Phoenlx, AZ

N. Little Rock, AR
Newmark, CA

Santa Ana, CA

Denver, €03

Pompario Beach, FL
Jazksonvlille, FL

Tampa, FL2

West Chicago, IL
Newport, KY

New Orleans. LA
Beltsviile, M )
tasthampton, Mik {Town, Hampshlre Co. )
Dearborn, Ml ) '
Omsha, NE

Trenton, NJ

Veedsport, NY (¥lllage)
Hlgh Polnt, NC

Ok tahoms Clty, OK
Portitend, OR

New Castle, PR

Kearney, SC
Travellers Rest, SC

Nashviile, TN (Nsshville-Daviasod)
San Antonio, TX
Dallas, TX
Milwaukee, Wl
Girard, IL
Kenosha, ¥}
Deksld, IL
Enoree, 5C
Great Faolls, M7V
Minot, ND
~Metuchen, NJ {Borough)}
Marysville, OH
Plne Bluff, AR
Honotulu, HI
Saty Lake Cl¥y, UT
Houstor, TX
Wellsville, KS
Kansas Clty, X3
Loulsa, YA (Town!

453,085
573,822
310 951
12,525
6,521
764,911
© 64,419
32,126
. 203,713
491,396
52,618
540,898
271,523
12,550
21,587
557,482
1,0000
15,5892
90 660
311,681
92,124
1,952
64,107
403,213
366,383
33.621
1,000
3,017
&5%5,651
785,410
904,078
636,212
2,246
77,685
33,099
1,000P
56,725
32,343
13,762
7,414
55,576
762,874
163,033
1,594,088
t. 3563
161,087
932
13,127,498

2Tvo olants operate within +his city.

bno date were svailable;

sources: RS 1982, Bureau of Census 193%
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8. INTEGRATED EXPOSURE ANALYSIS

This integrated exposure analysis combines the estimation of
environmental concentrations with the tdentification of iocations and
habits of the exposed populations to yield exposure profiles. Section
8.1 identifies the exposed populations, addresses the pathways leading to
exposure, and calculates individual exposure for subpopulations.

. Subsections within 8.1 deal with each exposure scenaric and with a
profile of “worst plausible case* exposure. Section 8.2 is-a qualitative

assessment of the uncertainties and 1imitations inherent in the exposure
analysis.

8.1 Exposure Profiles and Calculations

8.1.1 Obcupat1onal Exposure

Occupational exposure nccurs during the mining and beneficiation,
exfollation, transport, and use of vermiculite. The following sections
deal with each major step in the flow tiirough commerce.

{1} Miners and Millers of Vermiculite. Mining and beneficlation of
vermiculite are performed at four sites employing a total of
approximately 500 persons. It is estimated that half of that total are
clerical, managertal, and administrative personnel not coming in frequent
contact with the processes and subseguent releases (Hunsicker and
Sittenfteld 1979). Actual production workers {or operatives) are exposed
to levels ranging from less than 0.0 to 9.7 fibers/cc {see Table 11).

‘aple 19 displays the inhalation exposure calculations for
asbestos-contaminated vermiculite. As explained in Section 5.2,
trhalation 1s assumed to be the only significant route of asbestos
exposure from vermiculite., Mining and milling releases may lead to an
exposure level of as much as 9.7 f/cc in worker subpopulations. This
assumes that all fibers are respirable; it has been shown tha* this is

not true (Timbrell 1965), but fiber size cata necessary to factor in the
respirable fraction of fibers were not avatlaute.

(2) Exfoliators of Vermiculite. Exfoliation of vermiculite leads to
atmospheric emissions from process equ

ipment and during handling.
Uncontrolled emissions to the air within an exfoliation nlant may lead to
occupational exposure, while process vents to the ocutside lead to
expasure via ambient air.

The actual number of

persons exposed in the workplace to asbestos
from exfoliation is not k

nown; estimates range from 1,694 to 1,979
employees at 52 plants. Fiber levels with:

n the exfoliation area vary
between nondetectabiz and 0.38 f/cc.
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(3) TIransporters of Vermicuylite. The number of pers.ns involived 1n
transportation of vermiculite {s unknown; according to the National
Occupational Hazard Survey (NOHS 1980), 129 drivers and 108 rail workers
are exposed to asbestos frvom vermiculite transport (Table 19). It is
probable that a large number of workers handling vermiculite in transport

are unaccounted for.

Exposure during transport may be significant. Based upon personnel
samples taken at one mine, truck drivers may be exposed to 0.3 f/cc.
Rail workers are potentially exposed to high fiber counts resulting from
the transfer of beneficiated vermiculite from railroad cars to
exfoliation facilities. Area samples have been taken in warehouses in
which workers handle the exfoliated product. Mo asbestos was detected,
but it ts likely that accidental spills occur with some reqularity and

can lead to exposure during cleanup operations.

(4) Commerctal and Industrial Users. Thts population includes
formulators of consumer products and users of exfollated and unexfoliated
vermiculite. Few data are available to quantify asbestos exposures
within this group. Parts 1.0, and I.E. of Table 19 present the available
data, 1In some cases, product formulation data were combined with :
exfoliation data and the same figures were used for both worker
subpopulations. This was the case for producers of lightweight
aggregates, vermiculite insulaticn, and agricuitural and horticultural

products.

Table 20 1ists the occupational subpopu]atihns for which no data were
avallable, and makes a qualtitative statement of potential exposure.

8.1.2 Consumer Exposure

Consumer exposure has been calculated for three types of preducts:
vermiculite loose-f411 attic tnsulation, lawn care products, and garden
fertilizer. The other ccasumer uses of vermiculite are not expected to
lead to high asbestos exposure, since population and releases are small.

mer Installation of ioose-f111 Vermiculite Insulation. "It

tics in 940,000 homes have been insulated
At the rate

s two people, -

{1) Consu
has been estimated that the at
with vermiculite 1n the last ten years (see Section 7.2.1).
of 94,000 homes per year, and assuming that the job require

approximately 188,000 consumers are exposed each year.

tions in an average attic are estimated in Section

sure level is 6,800 pg/m3 for the B-hour
rmiculite contains 1 percent asbestos.

Asbestos concentra
6.4. The average expo
period, assuming that the ve
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Summary of lnhalation Exposure to Asbestos !a Yermliculite

Table 19.
Number of Exposure
) persons level? Duration®
Population exposed? t/cc ug/m’ thrs/wk) _ Commonts
1. Occupatlonal
As MIners ard m!llers
ot vermlcullte ~ 250 D=9, 7 43,0 Number of persons
: ~ exposed estimted
. 8s one~half total
empl oyment,
8. Importers and unknown uhkno-m
oexport.rs of
vermiculfro
C. Exfollators of 1,694- tc- 0.38 41,5
vermlcul! te. 1,919 '
D. . Usors of unex-
follatod vermicullte
1o« Steol workers 919 unknown
2, Manufacturers of " unknown unknown
gypsum wallboard
(a) Wholesale/ unknown unknown
reta: ftraders :
of gypsum wat i~
board )
(b) Installors of unknown unknown .

wollboard
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Table 19. (continueq)
, Number of Exposure
persons level® Duratlont .
Population exposed? f/cc ug/rn3 {hrs/uk) Comments
E. Users of extallated
vormicullte
1« Producers of sae 1.Ce ND-0.38 41.5 Assumas that aggreqates
Vightwelght produced at exfollation
aggregatoes site. Baced upon most -
recant data.
(a) Users of 34,639 unknown
_plasters, con-
cretes, and
aggrogates con=
taining vormicuilte
(b) wholosalo/re- unknown unknown
fall traders of
llghfwolth
‘aggregatos
2. Producer.;'. of 800 leCe tD-0.30 41.9 Assumes that Irsuiation
vermicull te produced at ox.otlation
" insulation site. Bas.d upon most
recewt date. '
(a) Usors of vermi- 298 - 6,800 3649 M sed on‘projecfdt'i‘
culito for foose- fevels encountered in
titf, block-f111, attic Insulation.
and psckling
th) Wholosa te/ro- unknown tnknown
tall tradors of .
vermicutlte

frsiulation



Table 19. (continued)

Poputation

Numbor of

persons

expased?

Exposure
levelb Duration®

f/cc pg/m thrs/wk)

Comments

3‘

4.

Producers of agri=  unknown

cultural and horti-
cultural products
contalning vermicullte

{a) Users of agrl- >1,136

cutturat /hort})-
cultursl products
coatalnlng vermi-
cullte

(b) Waolesale/ unknown

retall tradors

of agricultural/
horticultural
products con~
talning vermiculfte

Producers of mluar
varmicullte-con~"

talning products

(a) Producers and unknown

users of vorm!-
cuilte tliters
for poliution
control

{b) Producors and unknown

usors of ofl-
woll drftiling
muds

ND-0.38 41.8

unknown 327

unknown

unknown

unknown

Based on OSHA 1979 and
M1 1982, ,
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Table 19. (continued)

" Numoer of Exposure A
persons leverb Duratlon® i
-Popujation exposed® t/cc ug/m3 (hrs/wk) Comments
{c) Producers and unknown unknown
users of artl-
ficlal dust
and tiroplace
ashes
(d) Producers and unknown unknown
users of refrac-
torles and tire~
bricks
(o) Producers and unknown unknown
usors of m)s-
col laneous
vormicull te-
contalning
products
3. Transporturs of
vormicullto
(a) Truck drivers 129 <0.01-0.3 39.9
{b) Shlp and dock unknown unknown
workers )
(c) Ratl workers 100 unknown 39.9
(d) Warehousoman unknown 0 : 39.9
. Transportation and storage  unknown unknown

splils
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Table 19. (continued)

‘Numbar of Exposure
persons level® Duration®
Population exposed? t/cc Hg/m® (hrs/wk) Comments
Ul. Consumars
A. Homaowners Tasulatling leB.O‘OOI 6,800 8 Tlmo~vos i ghtod avéra)c
_ ofﬂcs_ with toose-f1{1{ concentration estimate;
varmicullte one~*1me 9-hr exposure,
8. Usors of {awn snd T!mo-we Ightod average
garden fertlllzers : concentrat lon «tinate;
(1) lawn application <74,400,000 4.4 L] ohce yoarly oxjosuras,
(2) garden appllcation <32,000,000 2 ]
Ce Users of housaplant >3000 unknown
-potting soll with
vormicullte
D. Usors of vermicuilto- unknown
basod kitty i|fttor 3,800,000
E. Usors of varmicullte <74,400,000 unknown
In barbecue grliis
Ve Disposal unknown yriknom
V. Fpod unknown unknown
¥1, Orinking water unknown unknown
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Table 19, (continued)

Numbar of Exposure
persons level Buratton®
Population exposedd t/cc ug/m’ (hra/wk) "Commonts
Vitl, Ambient
A, Alr
t. Fersons near mines 4,680 ND~0), 5 168
ond mitis
2. Parsons neor ex- 53,903 1.0x10™% 148 Derlved from ATN-
follatlon sites 2.5x10~2 SECPOP and Buresy
11,754 5. 0x10™ >~ 168 of Census data,
t.0xt0™2
305,022 2.5%10"3~ 158
3.0x10~3 :
1,%3,217 1o tx10™3- 1€88
2.%10°3 -
2,908,:26 5,0x10~4= 168
1.0x10"3
3,038,386 2.5x10~4-~ 168
s.0xt0™4
4,403,096 1.0x10-4- 68 -
205’('0’"
733,630 5, 0x10%3- 160
t.0xt0"4
3. Persons noar usors unknown unknown
"ot warmlcullte
8. ﬁniur unknown unknown
Ce Land unknown unknown
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Footnotes for Table 19

3Number of persons exposed taken from Table }7 unless otherwlse speclifled In "comments" column,

Y40 attompt was made to convert unlits of asbestos moasuremont; unlts aro as reported In primary source, Monltorirg dota are
trom Tuble 11 and modollng estImates are explalned In Section 6.4, ’

CAmblent exposure duration was set at 168 hours per weok; data do not Warrant eppi leatlon of mobfilty patterns or other refine-
ments, Occupatfonsl exposure duratlons based upon average work week for Indusfry sectors (BLS 1980).



Table 20. Occupaticnal Subpopulatlons: Exposure Potential

Populatlon Potential for exposure

Exposure may be caomparable to levels

Importers and exporters
encountered by transportatlon workers,

of vermicuilte

Uses wnexfollated vernlcullte, Fabrlca-
tion steps and Installation may have
atmcspheric emlsslons and resuitant

axposSura,

Manu facturers and c¢sers of
gypsum wal {board

Exposucs may occur durlng dry mixing; 1+#

Users of Ilghtweight
outdoors, fibers will be dliuted.

" aggregates
Exposure Is highly preduct-spec!fic;
high exposure with arttticlal dusts;

low exposure expocted from refractories,
deitilng muds, fliters.

Producers and users of
minor products

.

Workers flf{fng blocks may be exposed to

Users of .block=f111
high levels of asbestos.

Insulai ion

Exposure Is product-speciflc; most
products are bagged or otherwlse bound.
Exposure Is unlikely to be significant,

¥holesale/retall traders
of vermicullte products
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Once 1n place, vermiculite attic insulation would probabiy not lead
to subsequent consumer exposure. The type of attic in which vermiculite

is used 1s ordinarily isolated from the rest of the home and is not
regylarly entered. ‘

(2) Consumer Use of Garden Fertilizer. As seen in Section 6.4,
asbestos levels can be estimated to reach 57 ug/m3 durin application
of garden fertilizer; a time-weighted average of 28 ¥g/% represents
the mean exposure level. It Ys assumed that it takes one hour to
fertilize the average garden and that it is done once yearly. The
vermiculite in the fertilizer is assumed to contain 1 percent asbestos.

The proportion of garden fertilizers centaintng vermiculite and the
proportion of contaminated mineral are unknown, but it is known that 32
million households had gardens in 1976 and 1977 (USEPA 1980b). If each
gardener uses asbestos-contaminated vermiculite-based fertilizer, then

. approximately 32 miition Jersons are exposed to 28 ug/m3 asbestos
during fertilizer use.

(3) Consumer Use qf Lawn_Care Products. This worst-case exposure
scenarie 1s based upon the "box model® estimated concentrations developed
In Section 6.4. Each consumer might breathe a time-weighted asbestos
concentration of 4.4 ug/m3, for four hours once yearly.i The :
vermiculite in the product ¥s assumed to contain 1 percent asbestos.

Approx:mately 74.4 mi1lion Americans buy lawn and garden fertilizers

each year. Again, the percentage buying asbestos-conta1n1ng vermiculite
products is unknpwn. ' :

8.1.3 Ambient Exposure

Ambient exposure to asbestos from vermiculite is assumed to arise
from two types of point sources: mines and exfoliation plants. This
exposure 1s via releases into ambient air; water and langd are not
significant exposure media (see Section 5.2).

(1) Ambient Exposure Near Mines and Mills. A total of about 4,680
persons live in the three towns

with vermiculite mines. AN are probably

A full-time
per day. The respirable
- No further data are

und mines and mills,

(2) Ambient Exposure Near Exfoliation Plants. The ATM-SECPOP
results presented in Section 6.4 ar

e the basis for this analysis of
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exposure naar ekfol1at1on sites. Bureau of Census (1981) data were used
to estimate the total population affected. :

ATM-SECPOP calculates levels and counts persons within 2 50 km radius
of a point source. As stated in the Populations section, enumeration of
populations 1s more accurate with a 15 km radius, so the ATM data were
reduced to the 15 km level. An exposure distribution was prepared from
the St. Louls ATM-SECPOP output. This exposure c¢istribution was then
applied to the total U.S. population near exfoliation facilities to yield

the information presented in Table 19..

As 1n the previous ambient exposure example, 1t was assumed that
exposure was continuous. A maximum exposure level of ).025 ug/mS was
calculated. 1t should be noted that St. Louis SECPOP data indicate that
there were residences within 1 km of the site and that exposure to those
individuals was high. Other exfollation sites may be farther removed
from residential areas, although they are givea city addresses. Exposure
estimates may taerefore be somewhat blased tcward the higher end, but
these calculations present a plausible worst-czse sttuation.

8.1.4  Other Exposure Scenarios

Some exposure to asbestos associated with vermiculite occurs throuch
the other exposure scenarios, but it is espected to be low in comparison

to the three scenarios discussed above. -

Spills from transporation and storage are negligible, aithcugh there
are dust losses during loading and unloading of trucks, railroad cars,
and barges (JRB 1982). Exposure to the general population to asdestos
from loading and unlocading is probably very small because of the
relatively low release rates; exposure to the trarsportation worker:
during joading and unloading is considerec to be an occupational exposire

and ¥s discussed in Section 8.1.1 above.

Disposal scenartos relevant to vermiculite tnclude landfilling cf
_sol1id wastes from mining, beneficiation, exfollation, and processing;
discarded end products may also be Jandfilled (JRB 1982). Releases of
vermiculite and asbestos from Tandfills are thought to be negligible.
Wastewater from mining, beneficiation, and exfoliation ts recycled, and
only minor amounts of vermiculite and asbestos are released from water
treatment operations at permanent vermiculite concrete plants (JRB
1982). Because water is not thought to be a significant exposure medium
for asbestos from vermiculite, and because the aqueous releases of
vermiculite and astestos are insignificant compared to alr releases
covered in the occupational, consumer, and ambient scenarios, this
exposure pathway is considersd to be negligible. -
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As discussed 1n Section 5.2.2, asbestos 15 not expected to be

bloaccumulated; therefore, food 1s not considered to be an applicable
exposure scenario.

Drinking water could contain asbestos from waterborne releases from
vermiculite processing and use. Releases to water from all sources are
considered to be negligible (JRB 1982). Fate processes do, however,
result in some intermedia transfer of asbestos from the atmospheric and
land environments to surface water. The available data are inadequate to
support a gquantitative estimate of exposure from Ingestion of drinking
water, but it is considered unlikely that this exposure route is

significant compared to the occupaticnal, consumer, or ambient exposures
discussed above. .

8.1.5 Integrated Nbrst-case Exposure Scenario

' The geographic distribution of vermiculite point sources and the
.widespread use of some vermiculite products indicate that individual
exposure may come from numerous sources. This facilitates the creation
of a plausibie worst-case scenario, with a summation of exposure from
occupation, consumer products, and contaminated ambient air.

Unfortunately, asbestos data are reported in different units that cannot
be validly compared.

The "worst-case® individual's exposure sources and concentrations are
Tisted in Table 21; no attempt 1s made to sum these inhalation exposures,
although relative coniributions from different sources are apparent.

The individual works in an exfoliation plant, and lives 4n the city
where the plant is located. He uses vermiculate-based lawn and garden
fertilizers, and has insulated his attic with loose-f11] vermiculite.

8.2 Uncertainty of Anaiysis

Assumpt\dns and 1imitations to the d2ta are discussed In detai)
throughout the report. Major 1imitations are listed below:

- ¢ The valldity of the monitoring data 1s unclear. Different
analytical techniques used by the EPA contractors may have
affected the results reported in Section & by as much as an order
of magnitude. OSHA monitoring data cannot be adequately analyzed
because information on analytical techniques is lacking.

The results of ATM-SECPOP are based on numerous assumptions in the
Input data. Extrapolation of those results to all exfoliation
sites provides a crude approximation of exposure. The consumer

exposure models are also based on assumptions and are clearly
designed to be worst-case exposure analyses.

93



Table 21. Worst-case Individss! Exposure Level Proflle

Source of éxposure Expdsure Ievel"

Working In an exfollation :
plant 2,900 hours yearly - 0.33 flbers/ec

Living. In city with exfollation
plant 3,736 hours yesrly 0,025 Hg/>

Fertil1zing garden once yearly s
for one hour ' - 28 ug/m

Fort1llzlng lawn orce yearly
for four hours . 4.4 ug/m3

Insulating attic fo)' 8 hours ) ‘
once in |ifetime : 6,800 ug/m’

® Exposure levels from Tzble :19,
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o Population data were sparse; data for all populations are
estimates.

¢ There are no data on asbestos fiber size distributions in ailr
contaminated with vermiculite releases. Exposure calculations are
therefore based on total fibers rather than on the respirable
iraction. Similarly, 1t was assumed throughuut the exposure
assessment that all vermiculite is contaminated by asbestos,
although some vermiculite is not. The three consumer exposure

scenarios all assumed that vermiculite is contaminated with 1
percent asbestos. .

Despite these 1imitations, this exposure assessment provides the best
data and predictions .availabie. Further study would enhance the
usefulness of the data for regulatory decisionmaking.
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