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HAZARDOUS
BEDFELLOWS:

The |

" VERMICULITE-
- ASBESTOS

CONNECTION

Since 1971, government and
industry have known that
virtually all vermiculite
produced in this country is
contaminated with asbestos.

Why don’t the 4 million

- people who live in homes

EXPOSURE

insulated with vermiculite
know this? |

“Environmental Action Foundation ’
-724 Dupont Circle Building

‘Washington DC 20036
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enab@ dEkmiculite to insulate,
firepréof, éxtend, lighten, and aerate
- products ranging from potting soil to

rBdsive array of attributes

: concrete, plaster board to kitty litter.

In our trustingconsumer role we've
scattered free-flowing vermiculite
about our attic, and we've spread

- vermiculite-loadedfertilizer onto
- our lawns. Unfortunately, in our all

. too frequent uninformed consumer

. role, we've handled vermiculite

" without knowing that it's contami-
s.nated with asbestos, a pr ver!farcx-

ogen.’ .
-nogen b
Contaminaf ed

I The # u’htelﬂsbestos connec-

- tion went pubhc in 1971. That’s

largest domestic supplier of vermicu-
. litehwdveiled the results of tests
confirming "asbestos contamination

nated with asbestos. -

]

"EPA Releases Documents

Through Freedom of Information
requests Environmental Action Foun-
dation has been able to examine EPA
- documents gffhasbastos contamina-

tion of ve lculgﬁ -These reports
date back tgf1977.;., :
- Althou ermiculite has been
* mined in Jnited States since
. 1929, no stulesdiel the health effects

the-

in thetorermined at their Libby; .

Montand site, producer of 80% of the
natidn’svermiculite ore.

In° r1[976, both the Occupational
Safety'and’‘ Health Administration
(OSHA) and the Mine Safety and

_Health Administration got involved
when workers in the vermiculite

industry came under regulatory

“protection” from asbestos dust.
Prior to this involvement vermiculite
workers were exposed to asbestos

" dust concentrations as high as 245

“fibers per cubic centimeter (flcm3).

“The new OSHA standard of 2 flcm3 -

ls even recognized as too high. .

‘In 1979 the Consumer Product

-Safety Commission (CPSC) acknow-.

.ledged the contamination problem
when they ordered 4 general study of
"the use of asbestos.in consumer
products and:’pcluded ‘potting
material” @¢rtniculite? among the
products ¢5'be tested. However, the
scope of! the 'study’ 'was later nar-
rowedXo'include only products in
’whicg ashestos is intentionally added.

o B vt ."-3( L -

Dave Pontzer, a recent graduate of

Georgetown' University, . just com-
pleted an internship with:thé WaTS ", ' since no safe levels for atmospheric
" concentrations of asbestos exist, any

' Project:.Alice. Cave is"a-researcher:.
withgan »environmental consulting
flrm w‘ (rn \u‘ - ‘-»

.ance to asbestos workers,

of exposure to the mineral have been

3 F ya— ;. ..‘ h ?

hly modern’ product s et p-‘w,,‘ . "ﬁ““»

i lh le we've grown'ac- " %, 0 e T %

e edth.. ermiculiteis hght- <L . ,‘ “In 1971, the producer of 80% of thﬂ

- -F:nﬂf:‘mﬁ';‘;:“t';e';fg‘;f; __ .~ “nation’s vermiculite announced that
non-abraswe i

- virtually all of their ore was oontarm .

located. The effects of exposure to -

asbestos, on the other hand, is well.

documented.

By 1918 there was enough evi-
dence on asbestos hazards to cause
American and Canadian insurance
companies to stop selling life insur-
The
cancer-causing potential of asbestos
was suspected as early as the 1930,
although the first standard for
occupational exposure to asbestos
wasn’t set until 1971 by OSHA.

“32 of the 221 vermlcullte workeréyg ‘

_processing know that vermiculit

Regulatory Optxons .
A
OSHA, urider thesrfmdu ndate
to provide a safe e ifent for:
workers, has two feg y options

with regards to vermiculite. The first
is an exposure standard and the
second a labeling requirement.
Theoretically, OSHA’s current ex-

posure standards protect workers |
. even after the vermiculite has left the |

processing plant. But as an.EPA
report notes, “Realisticall bver,
it is.difficult to imagin andard
being enforced at many ommmr
sites. For example, it is doubtfu L that
employers at greenhoyses where
vermiculite is used as & soil. condi-
tioner run their busloeuel wlth
asbestos standard jn’ mind
employers besides those Involved
the initial stages ‘of; vermiculi

often contaminated wlth asbest

. This is the case with many ‘other 23

T -«!6

tested had lung disorders normall

associated with asbestos exposure.”

One of the first reported incidences
of asbestos-like health problems
appearing among vermiculite work-
ers was in 1978 by O.M. Scott and
Sons Co., a manufacturer of agricul-
tural chemicals. Workes at their
~ Maryland fertilizer plant developed
-lung disorders normally associated
with asbestos exposure. Of 221
tested, 32 had disorders ranging
from fibers in the lungs to bloody
pleural effusions, with symptoms

" ranging from coughing, fatigue and

chest pain to hypertension. _
The crucial point is that research
on asbestos-caused cancer in labor-
atory animals has showti that theteis
no threshold level below which
exposure causes no effect. Therefore,

exposure will produce a percentage of
cancers in those exposed.

-

.~

industries using vermiculite as well
including construction” workers, «

“drywall installers, brick and stone !
‘ masons, plasterers, insulation work- !
erg, and anyone involved in commer-

cial agriculture,

Why are employers and employees | ¥

largely unaware of vermiculite’s:
‘contamination with asbestos? »
OSHA's labeling regulations for™
asbestos, “ . . . all (asbestos-contain-

ing) raw materials, mixtures, con-

tainers .. . "

pliance is voluntary as long as .a’
manufacturer belneves that the use .
(handling, stdfage, etc.) of a product |
will not create’ fiber, |evels above the

OSHA staddard” Even thls is ulti- .

mately a mdot point, ‘since OSHA
stated i April of 1980 that this’
exposure standard is insufficient to .
protect workers’ health.’

-mw"’ LT A BN AT 41 TR PO

covers vermiculite, but !
the regulation is self-service. Com-{
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me, where it is “regulated” by
) he Fe_denl Hazardous Sub-

RteingRulate hazapds présented by the
: Pmn worsjuse of toxic- and. other
- hazagdQus ‘substances:in the home.
Like QSHA, they have.the authority
rottian, regulate, or.require labels on
_ ?toducts G A

gtPSC has already exercised this
fauthority . with respect to asbestos
‘bahning two consumér:products
A ‘contain;ﬂ.g “asbestos fiben 'artificial
i embers and spackling compound.
Neither-is7associated with’the ver-
miculite industty. At that timé CPSC
B went so far as to say that there is no
il safe level of exposure to asbestos in
consumer products, and that, “only
banmng these product#¢an~ade-
quately“protect the public from
B8 unreisonable risks of injliry associ-'
kM ated with’them.”” As was Mloned
E R earlief? CPSC began alitudy of
i asbestos in consumer produtts over-
g three yearsiago, excluding products
' 'like‘Ver;m lte which tontained
asbestos as a ¢ontaminant’ To date,
ipthing has been reported.®’
BGESC also'has the adtﬂbrity to
> coritent labeling of pidducts.
In‘view of EPA reports’ conferfing
q hlﬁmﬁcan! levels il 'cdhsu“'ner
q eipb‘hre to'vermnculltef
: ery'leaﬂl’, should'.ha.ve been
Jome’ y ars ago. A gtudy .
Eo?E 'by ar% dent
mq\akes

A sultm
4 - he repori states.
&t thah‘ "Ov 4 million persons use
B lawriand garden fertilizers each year.
If:thefdrtilizer is vermiculite-based,
LM estipajed: exposure levels to asbestos
. o@.{b&glm 3and Zs,uglm3 'could

“‘-l

"’ 'Thié umgh! 'method of measunng
> N P!?tos exposure (ug/m3-milligrams
% tubic ‘meter) contrasts-with the
g B earlier® volums< method (F/cm3-fibers
3. percubxccenhmeter)mthesameway
< ;' “that'a pound of eggs contrasts with a
Pl dozen eggs. Unfortunately, the Virgi-
- ’ma"-study we refer to only used ‘this
. elghF method, - and -it's” virtually
P lmposﬁble for us to correlate the two

: diffei"nt systems with the informa--
B tion“ we have on hand. Further,"
L sQSHA only uses the volume method
“{ikvits; asbestos -gtandard:, Suffice to
SR 537, - however, .thak as ‘the:general
;" ruleiof thumbregarding asbestos,.
E:Pthere is no safe exposure‘level; .indi-*
¥ cates  “3these: latter_figures using-
f the weight method are all to be consi-
¥ dered. extremely hazardous. .

tion, '

result from lawn treatment and
gardening, respectively.” The report
goes on to estimate that 188,000
people a year are exposed to levels of
asbestos as high as 13,600 ug/m3
during the installation of vermiculite

" attic insulation. 4,230,000 people live

in homes insulated with vermiculite.

Additionally, there are at least
3,000 owners of hobby greenhouses
whase exposure to vermiculite

should be comparable to that of a .
greenhouse employee occupationally

exposed. Anyone repotting thejr
houseplant with potting soil contain-
ing vermiculite would be exposed toa
small amount of asbestos fiber, as
would people who handle kitty litter,
barbecue base, or who put up their
own drywall, plaster, etc.

The consumer has no idea what'’s
being handled. None of these pro-
ducts, from attic insulation to kitty
litter islabeled, CPSC apparently not
being sure how to proceed After the'
strong stand taken in respect to
artificial qmbers and spackling ¢ com—
pound, i.e., no safe exposure level,
this inaction is mcomprehensnble

The EPA has done extensive
research into the problems associ-
ated u}‘nh asbestos contamination of
vermiculite, compiling a wealth of
information on the subject. As yet
they’'ve done nothing with it, issuing
no regulahons or warnlng'p_' It
appears that since a safe lower limit
for asbestos exposure cannot be
found, the problem is being covered
up. How else can one explain that at
least three.government agencies
have been_studying a khown toxic
substance, occurring in the market
place, for at least five years, and not
done so much as require that it be
labeled. Another EPA report, also
obtained through FOIA, frames the
problem:

“Although the quantities .of ;as-
bestos released during end-use of
vermiculite are small in comparison
to the mine and workplace, the
aggregate risk to the consumer of
praduct end user may be large in

view of the large number of people
exposed. Moreover, users may be
particularly vulnerable and unpro-
tected due to lgnorance of the
potential hazard.” -

Using vermiculite in an enclosed
area, such as an attic, greatly

increases the esposure level to

asbestos fibers in the air. Or a garage.
Or a basement. The point is clear,
workers and consumers are being
exposed to a known hazard without

the information to handle it safely, .
tg:avoid it altogether. As the EF

. +report -points: out, “There are ad

quete.substitutesifoc >mossuof. t!
usés uf vermiculitésilbvemmicali
' were not available, ~perliva¥telltil
concrete and fiberglassiwould be t!
most common substitutes.” -
There the matter now stands. T!
tragic consequences of asbest.
exposure are well established. Ve
miculite is a known carrier .
asbestos fibers. These microsco;
fibers are released into the atmc
phere from the time vermiculite
mined through its end use as
consufrter product. Yet only i
mining and processing of vermictli
have come under any kind of reg
lation.- Upon leaving the processi:
plant, vermiculite is unregulated, a:
those handling it are exposed to
" toxic substance with no warning .
to its presence

. . ta
| PRI |

{ Our thanks to Dr. Arthur Rohl, of t.
Environniental Sciences Laboratory at Mou

. Sinai School of Medicine in Nao York, |

' providing us with critical dalg and recent st
dies, on . Hu askgslps wn{an‘uu(wn
vermiculite. -

N
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:..To the editor:
B
was«This firm is general counse! for
merican Vermiculite Corporation
(“Amverco”). In that capacity, we
have been asked by Mr. Leslie W.
'Thornbury, President of Amverco, to
“provide you with information con-

.cerning allegations of the presence of

the United States. Amverco is a
-marketer of vermiculite in the United

: being the Palabora Mines in South
Africa.
i Please be advised that, although it
- m‘ay be true that some vermitulite
_contains asbestos fibers, the ver-
miculite sold by Amverco conclu-
.-slvely does not contain any asbestos.
% For your information, we are
‘enclosmg a copy of an affidavit from
¢ Eric J. Chatfield, Ph.D., head of the
+ Electron Optical Laboratory in the
t Department of Applied Physics of the
»Ontano Research Foundation, and a
L report which is attached to that
r‘affldavnt entitled “Examination of
> Vermiculite for the Presence of
, Asbestos Fibres.” This report was
: prepared in October of 1979 and
* proves that even after being subjected
iz ta the most intense possible scientific
' scrutiny, it was impossible to find any
“asbestos fibers in the vermiculite
M originating from the Palabora Mines
" of South Africa. In November of
: 1981, suit was filed against Amverco

?

asbestos fibers in vermiculite sold in |

"% States, with its sole source of supply

i g

and others, Loyd R. Gordon, et al. w. ..

American Vermiculite Corp., ¢t al., Unite
States District Court for the Southern

District of Ohio, Eastern Division, .
‘Case No. C-2-81-1406, alleging
damages resulting from the sale of -

vermiculite containing asbestos fibers.
Dr. Chatfield’s 1979 report and his

Qur Vermiculite is Asbestos-Free
”"';_Dec_lares Amverco Head_-~;—=~a

Py ""‘«..’. -

_ affidavit were submitted by Amverco .

in defense of the case. Since all of the
vermiculite marketed by Amverco
originates from the Palabora Mines,
and since evidence submitted by
Amverco was conclusive concerning

the absence of asbestos, Amverco .

obtained an Order and judgment in
this case dated March 17, 1983 from
the District Court for the Southern
District of Ohio, Eastern Division, in
which the court ruled as a matter of
law that Amverco could not be held
accountable for asbestos poisoning in
its sale of vermiculite. The court
made a specific finding of fact that
“the vermiculite produced and sold
by the defendant to plaintiff’'s
employer contained no asbestos and
did not cause or contribute in any
way to plaintiff's alleged injuries”. A
copy of the court’s orderis enclosed...

Yours very tl;uly,
F. Edwin Haliman, Jr.

For Decker, Cooper & Hallman
A Professional Corporation
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asbestos fibers in vermiculite sold in
the United States. Amverco is a
marketer of vermiculite in the United
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_ " Please be advised that, although it
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sively does not contain any asbestos.

For your information, we are
enclosing a copy of an affidavit from
Eric ). Chatfield, Ph.D., head of the
Electron Optical Laboratory in the
Department of Applied Physics of the
Ontario Research Foundation, and a
report which is attached to that
affidavit entitled “Examination of
Vermiculite for the Presence of
Asbestos Fibres.” This' report was
prepared in October of 1979 and
proves that even after being subjected
to the most intense possible scientific
scrutiny, it was impossible to find any
asbestos fibers in the vermiculite
originating from the Palabora Mines
of South Africa. In November of

1981, suit was filed against Amverco
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and others, Lloyd R. Gordon, ¢ al. v.
American Vermiculite Corp.. et al., United
States District Court for the Southern
District of Ohio, Eastern Division,
Case No. C-2-81-1406, alleging
damages resulting from the sale of
vermiculite containing asbestos fibers.
Dr. Chatfield's 1979 report and his
affidavit were submitted by Amverco
in defense of the case. Since all of the
vermiculite marketed by Amverco
originates from the Palabora Mines,
and since evidence submitted by
Amverco was conclusive concerning
the absence of asbestos, Amverco
obtained an Order and Judgment in
this case dated March 17, 1983 from
the District Court for the Southern
District of Ohio, Eastern Division, in

MERTITY B S e

Qur .<mw§m.n=_=m is Asbestos-Free
. Declares Amverco Head

which the court ruled as a matter of
law that Amverco could not be held
accountable for asbestos poisoning in
its sale of vermiculite. The court
made a specific finding of fact that
“the vermiculite produced and sold
by the defendant to plaintiff's
employer contained no asbestos and
did not cause or contribute in any
way to plaintiff’s alleged injuries”. A
copy of the court’s order is enclosed. ..

Yours very truly,

F. Edwin Haliman, Jr.
For Decker, Cooper & Hallman
A Professional Corporation
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VERMICULITE

MINERAL COMMODITY PROFILES
MCP-19, AUGUST 1978

This curtent report on vermiculite bas been prepated by
the Bureau of Mines, US. Depaniment of the Interior to;

1. Provide the latest available data and information on
vermiculate.

2. Invite comment, revisions, or additional information
on the subject.

Please direct communiciions to:

CAL Panrerson
Buteau of Mines
2401 F. S NW
Washingtan, D.C, 2024
Telephone number (202) 634-1202

UNITED STATES DEPARTMENT OF THE INTERIOR

A single copy of thic publicabon i« available without charge
from: Publications Dictribution Branch: Bureau of Mines, 4800
Forbes Avenue, Pittshurgh, PA. 15213
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VERMICULITE

. By Stantey K. Haines'

Vermiculite, a micalike mineral with the
unique property ol extoliating to a low-densiy,
bulky material when heated, is widely used in
the construction industrv. Vermiculite concrete
is used for roof decks and floor [ill where hghn
weight, thermal insulation, and acoustical prop-
erties are of particulir importance. Vermiculne
plasters and cements are emploved nuanly for
fireprooting pmiposes. ‘Thev are also valuahle
by reason of lightweight, good resilicnce. and
goott honding properties. Looschill vermiculiee
is used 1o insulate walls and ceilings. The use
of vermiculite as athermal insulior has gained
increasing importance in hght of the cunem
desire 1o save energy thhough higher levels ot
home insulation. Fhe maenial also has atiliny
i agricubure,” primarily duc to s high absorp-
tuve capacity.

Vermiculite® mines e distam from majo
nuun ket cemers, and there are high aanspore.
tion costs on shipping oude ore 1o extolation
plants near the point of end use. Another
problem in the industey is the nred market
for the Tiner sized extolined vermiculite.

The outlook for vermiculite in the Unied
States is good from bhoth a supply and a
demand point of view. The expected averape
annual growth vate is 3,67 with a o demand
in the year 20000 of GRO000 1ony Lol de-
mand in 1977 was an estimeied 290,000 (ons,

Vermiculite nre reserves e thongin ta be
adequate to meet future domestic needs, 1he
United States will remain self-sufticient in ver-
miculite at least into the nexst cenoy, The
world's Engest deposit s mined nean Eibin,
Mont., by W, R, Grace X Co o Venmienlite s
alsey mined new Fonovee, SOCW RO thaee &
Co.in the United States and ahe Palabora
Mining Co. in the Republic of Sonth Afvica e
the major producers of crade vermiculite in
the world, Phins to develop sermicutite deposits
near Lowsa, Vol have progiressed: conmercial
financing has been obtined, and constiudion
has begun for a mine, mill, and plant,

* Phvaisal seicntise Divesmt of Newvna tadle Mane eaby

INDUSTRY STRUCTURE

Background

World production, nearvly all of which is-
supplied by the United States and the Republic
of South Africa, was insignilicant untl alter
World War 11,

Vermiculite was fist msmed and deseribed
i 1821 by Thomas 11 Webh from an occur-
1ence he found near Worcester, Mass.

Many occurrences ol vermiculite were subse-
quenthy discovered. and beginning in 1915,
Denver Mining & Monubacraring Co, lor sev.
cral yeins mined and marketed vermiculine
under the name ot tang ash from a deposit in
the Turet mining district, Challee County,
Colo. The exloliated vermicalite was ground
and used for vantons decorative purposes,

Vhe Luge deposit ol vernmiculite i the Rainy
Creek district near Libby, Mont., was discov-
ered by accident o 1916 by Fo N Alley, who
was seinching old prospeas in the aea fm
vianadium nunerals. While inspecting a tunnel,
he noticed that a candle flame ciaused flashes
of a micalike mimeral 1o swell and change color,
The mineral proved to be vermiculite, and Mr,
Alleyv and others mcorporated the Zonolite Co.
to develop the deposit. Produdtion on g small
stile began in 1921, For many veans, the Rainy
Creek district was the only ‘nugor source ol
vermicuhite in the world, In the interwar vears,
small-scale prodiction stnted in the Eastern
Startes, tirst i Peonssivania, then i North
Carobinas boae by 190 ol annoal production
had reachied andy 2200000008, still inostly biom
Montina, The Zonolue Coo was acguired by W,
R Grace & Cooin 19030 A gronp of deposits
near Enoree, S.C.L has been worked sinee 1917,
Small tonmages hive been produced i Colo.
tada, Georgi, Novth Cavolina, Tesas, and
Wadming, and deposiis lave been investigated
in several other Suues,

Commeaercad production in South Afvien be-
gan in PG Froam o Lo ge deposit e Palabora in
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Tabie 1.—World vermiculite production, 1977, and
capacity, 1977, 1978, and 1980

{Theusand shot 1one)

Peotction c'_"_‘“'_"
masrr 1977
North Amenca United States ___ | 359 425
Africa: Repubhic of South Atnca 250 260
Restot world' | _ | 20 25
B Worid totet -25 710 78 a7s

* Estimate.
! Excluding centraily coniroliod econonves

northeastern Transvaal, Vermicutite has been
found also in Kenva, Tanzania, Upanda.
Southern Rhodesi, Avgentina, Birasl, Canada,
Chile, India, Austvalie, Japan, "Korvea, China,
and the Soviet Union.

Size and Organization

In 1977, the priney domestic producers ol
crude vermiculite were the Constraction Prod.
ucts Division, W, R, Grace & Goo which opne-
ates a large mine near Libbv, Mont, and o

. group of smaller mines near Enoree, 8.0 and

Patterson Vermiculite Co., Fnoree, S.C.

Exlolinted vermiculiie was produced ar about
51 plants in 29 States.in 1977, South Cavolina,
Cahiforniid. Texas. New Jersev, and Flovida
supplied 43 percent of the total, W R Grace
& Co.. the leading producer of erude vermicu-
lite, operated 30 extoliating plants in 21 States.

Most extoliating plants are small, and oven
half produce fess than 5.000 tons cach of
expancded vermiculite annuallv, The (olloving
gives the approximate size distribution by 1on-
nage lor the industry: )

Tons produced Humter !
t'ants
Lessthan5000 . . .. .. . . o - 28
$.000-10,000, ... 21
10.000-20.000 1
20,000-50000 . ... .. . . 1
Toia! et e el . 51

et gt - s ———— —

W, R Grace & Col s anaiternanonal induos.
trial concern with chemical, consummer paduac,
and natwal 1esouvce interests, Vermionhite s a
suall part ol ite ol husiness, For othe
extolivtors, vernicnbie s gencrallv the mgen
part of the business Some companies alo
expiud perlie,

The other nigor workd producer of ande
vermiculite s Palabora Mining Col o membe
ol the Rin Yinto Zme Group, with o mune in
Fast Transvaal. Republic of South Abiea Ao
atfiliie. Amcricm Vermicalite Corp ol \y
Linta, Gao, distributes South Abican coade
vermiculite in the United States and Conada,
In Furope, sales ae handled by Mandoval,

Table 2.—Domestic use patiern tfor vermicuilie

(Percont)
Use 1976 1977
Urerichated Mescalianeonrs . A L 1
E oo+ vie
L.arwe gkt Jggtegates
Corcrate ... . _.........oieel ... . 27 28
L. 2R 1 .1
Premmes ... ___....... o ememmmaeam——n 15 16
Tolal L oL Ll 449 45
S P ——
Thaima' msutaton
Loosetn .. . .. L. L . k] 15
Blork . L L . o el V6 16
Pecling il e ! ‘
L N n
Agricyliuie
Norculture ang sod condtioning __ .. 14 "
Forihzer CAINGI . .. ... ._..... 1 1
- LI 15 15
Mscougnaous ... ... .. .. e emeemeaas 3 2
Grandtotal ... .. ... ...iiilleeeoee. 100 100
* Lass than 'z umt .

Lid., of London. World vermmculite production
and capacity e shown in table 1.

Marketed Products

Exfolined vermicnlite is packed in 4-cubic-
foor siacks for shipment or used at the exfoliat.
g plant in preparimg premixed produdts, 1tis
marketed in different size fractions according
1o use,

USES

Exfolianon converts orude vermiculite 1o a
product thn is very lighiweight, noncombusti-
hle, hee Howing, msaluble, chemically iner,
resihient, and nonabiasive. Ttas a good thernal
istlator and Lo high adsrbability for flaidds,
These qualities made exfobated vermiculite
usclul i construciion, agrncubtare. and other
industnies, Prion 1o the end of World W 11,
s i use was as e thenmad insulator in the
hailding indusira. Alter the wa its very low
densing and gond insalating properties sug-
gested s use 1o teplice simd in hightweight
conaretes and plasters. Later the potential of
s incombustibiity bhegan 1o be yeatized o fne
baricrs, s e vecenthy i excellent ad-
sotpion chaactenstios were anlized in chemni-
cal processngn water e e proihcaion, sod
other areas b ase vange has expanded cansid-
crablhv over the past 25 vears. Fond-use con-

Sstmpien dati appen i table 2

Laghtweight concrere made of fine-size extol-

“ented vermicudite and porthand cement s used.

i hwee quantities in weight-saving constrae-
tionn where thernal insakinon and acouastical
qudhities are of partcular importance. Vermi-
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cithite concrete is used for roof decks) stabs.on.
grade, prefabricaed panels, amil other pur -
POSCS. :

Premixes are used in Lunge enoages as coat-
ing on lireproof structural steelwork s well as
10 deaden sound. seal oft moistie and con.
densation, and provide decotative resnmes.
mainly on wallboard and conaete walls and
ceilings.

_Vermiculite plasters. made with gypsum or
portland cement, ue spraved onto steel o
concrete structmal members o fneprooting
purposes and to reduce weight, thus sning on
Touvudation and other saucural costss There
are also sonnd-deadening and acoustical prop.
ertics. These plasters gie also used tor finish-
coat plastering of walls and ceilings. bo de-
mand for this purpose has been cut by the
change trom Lith and plaster walls 1o dovwall
construction. Vermicubite plsters adhere her-
ter in use than plstess made with abiernate
lightweight materials such as expanded chivs,
slags, shales, and perlite owing to the gicater
restlicney ol vermicualite, Alsos s 1, kuninar
structire provides good imitial adheston.

Coarser grades of expanded vermiculite are
used as loosetill insulation in hollow masomey
walls and between joiss inattics of homes and
other structures ta reduce heat loss in wime
and keep the interior cooler in summer. As
lnoselill or with various hinders, vermiculite is
used o cover molten metal. as beds tor ship-
ping hot ingots for hundieds of miles, to cover
stean pipes, boilers, and hot lines Lot toinspornt
of chemicals such as molien suifur, in double-
shelled tanks for cryogenie applications, for
packaging and shipping to prevent hreakage.
for insuliting rebractonies, lor mold linings,
and in lubricants for extorasion and diwing,

Expanded vermiculite’s high surtace area
and high adsorption capacity for liguids and
gases has found many agricultme:d and chenn-
cal applications, particalarly for hner noades,
In agriculture. vermiculite is emploved as i soil
conditioning agent, plant growing mediun®
chemical fertilizer cavrier, packing material for
nursery stock, carrier and extender tor pesti-
cides and herbicides, and anticaking agent for
lertilizers and for encapsulating seeds. Another
agricultural use is for poulivy inter. Vermicu.
fite's ion-exchange capacity has found apphea
tions in chemistey including wateo puribiccaton.
Its use as an adsorption medinm has inchsdedd
sultur recovery and polivtion contrai i sudiar
dioxide stack gas technologs, Other uses b
the finer goade sre as an ingredient movetrae-
tory products and as a hiller for paints, phstics,
amdd subher,

Unexpanded vermiculite is reporied 1o have

e f:a-'&d".f,‘ i “i!.l-\
el e T

(IR F RS

only a tew uses, such as in mds for otlawell
drilling and as a filler in faeacesistant wall-
board.

RESERVES-RESOURCES .

Uhe negor domestie teserves ol vermicnlite
lic in one very kuge deposit nean Libby, Mont.,
and in several much smaller deposits. cach
containing 20,000 (o 400,000 1ons of ore, in
the Enoirce and Enoree-Waldhep districts of
South Carolina, Deposits ol ecconomic signifi-
cance range from about 25 10 95 percent
contained vermiculite, The size of the Libhy
deposit has been reported 1o be sufficient for
5 yeins it the present vate of mitnng. Tmpor -
tant deposits have been located in central
Virginia, i Louisa County. A submarginal
reserves total, recoverable ar 1.0 times the
current cost, has been estinuied (292 as 210 3
million tons in South Caroling, Naorth Ginolina,
Texas, Wyommyg, Colovido and Nevada, De-
posits have heen found in Arkanss, Georgia,
Calitornia, Washington, and Ovegon. T is likely
that another Enge deposit siimnlin o the Fabby
deposit many be discovered i the United States,
maost probabhy in Colorado or Momana. Hypo-
thetival, sinaller, workable deposits of the Fno-
ree tvpe probably exist in the Tnuer Piedmont
region hom South Ginoling to Pennsylvanin, A
domestic reserve of 100 million 1ons appears 1o
be a conservintive estimate.

The vermiculive deposit at Palabora in north-
castern Fransvaal Provinee in South Africa is
one of the world’s Targest. Reserves in South
Africa are estimated 1o be approsimately 75
million tons. Large deposits ave also known (4)
to exist i the Sovier Union o the Kol Penin-
suli, the Urals, and the southeasiern edge of
the Ukrainian shicld  Deposits are being mined
in Arvgenting, Brazil, China, Korea, India,
Kenvi and Tanzani, In generall at least in
the maket-contolied cconomies, extolition
quality s inferior 1o that of material mined in
South Africa and the United States. World
teserves, other than South Afvican, and domes-
tic reserves and excuading the centtally con-
trolled ceconomies, were estinated 1o be 15
milhion jons. Exlohated South Abrican maternial
iv gencrally coarser and less dense than exiol.
ated VRS ninerad and therehy maone saitable
for Joose il sabvion, Table 3 contains o biiel
assessment ol werld sernmcubie resonces,

Geology

Lhe peologic yebations ol ol ivpes ol veri-
cubite deposits suggest tat pyrosenes (diopside

el et crs e parenthe cse rebes be tems i e et of o leerers at

the ol ot ghie requan .
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Table 3—World vermiculile resources
(MINON short tomss)

Ctner Yo
Reseves  ecouces  rosources
North America- Umited States 100 25-100 125-200
Atnca- Repubhc of South Atvica -] Large Lerge
Rest of workd® .. .. 1% Large Lage
w;vldwlll' eeenmeeimenaaa 190 Large Large

* Exciusiva of centrally controlied economes

and augite), amphiboles (hornblende and ne.
molite), and olivine, in ultramabic rocks, both
igneous and metamorphic, were first altered
solution and volatiles {rom intrusive svenites,
carbonatites, and pegmatites, forming  biatite,
phlogopite, serpentine, and chlotite. Super-
gene alteration by circuliting ground waters
later removed the alkalis, redistributed magne-
stumi, and added TLO as interlaver water mol-
ccules, 1o form vermiculite. Accessory minesals
in the deposit include quatiz, Feldspar, apatite,
corundum, chlorvite, ashestos, tade, and chay.
Biotite is the most common parent mineral. A
similarity of the biotite and vermiculite cervstal
structures permits molecular interlavering in a
series that extends from pure biotite though
<11 biotite-vermiculite to pure vernmculite. Vae
ricties in the series contiiming 10 to I3 percent
vermiculite are called hvdrobiotite.

The world's Largest vermiculite deposit at

Libby. Mont., is a zoned-pyroxenite pluton of

Cretaceous age that cuts Precambrian sedimen-
tary rocks. The pluton hae a core of bjotite in

a mass of hiotite pyroxenite. A shell of magne-*

tite pyroxenite intruded the zone of weakness
at the contact of the biotite pyvroxenite with the
countty rocks. A vounger mass ol svenite ¢
both the magnetite and the biotite pyroxenie.
and alkalic svenite dikes cut the botite cove.
Biotite in the biotite pyroxenite, s 1o a sl
extent in the magnetite pyroxenie, wasaliered
10 hvdrobiotite and vermicalite: the biatite of
the dense core is virtmally unaliered.

With the major exception ol the deposit i
Libby, almost all the worlil's vermiculite depos-
its appear 10 be in rocks of Precimbrian age.
The other large deposit in the world s

Palabora, South Africa in Precambiian rocks of

a simila’ petrological suite as those ot the
Libhy, Mont., deposit,

Fhe most numerons domestie deposits, b
also those with the sostllest sonounes of vermie
culite. e in ulivamabic Livered metamon pli
tock. clinactenisticlly e biotite schisas, and e
et by pewgniites. Fhe deposits e only o few
feet thick, although they may e several
hundred leet long, Ore content usuaily ranges

[ from a few hundred to several thonwund 1ons.
Examples of these deposits ave those heing

mined in the Fonoree dishiict of Sonth Caroling
and mos ol the deposits in Colovado, Wya.
ming, and T exas,

The third geologic type ol domestic deposit
commprises the ultramafic intrusives, such as
dhnites and unzoned pyroxenites and perido-
utes, that are cut by pegmatites and syenitic or
granitic intrasive rocks. Examples are deposits
in the Blue Ridge Mowmains region of the
United States. In these deposits, vermiculite
1opically accurs in lenses that e as much as 4
to A feet thick and 50 1o 60 feet long, A few
Ienses are 20 feet thick and more than 100 feet
long.

The main anera {or a commercind deposit
ae exfoliating capability | vermiculite content,
and size . It must contain little or no hiotie
and be in pgood sized flakes, with few fines.
The deposit should contain at least 30 percent
vermiculite and peetesably more than 50 per-
cent vermicuhite. .

TECHNOLOGY

Vermiculite is«a hvdrated magnesium-alumi-
num-iron sheet silicate of variable composition.
The erystal situctie is stmilar to that of biotite
but sepmated by a double Tayer of wiater.
molecules. In biotite, potassium ions occupy
interlaver sites. The electronic charges ol these
ions help 1o hold the layers 1ogether. In ver-
micubite, only some of the sites are occupied.
and these only by nagnesium,

Expanded vermiculite is completely incom-
bustible and retains its thermal insuliting vialue
to 2,000° F. For dhie higher temperatures, such
as for use in five walls, in the shipment of hot
steel ingots, or in aclmctonies, ase ol a hiner
nrucrial has the advanage of better thermal
retlection of vadinted hear.

Coude vermicalite denotes the mined ore
that has been benetficiated and sized. The
exfolated product is also called vermiculite.,
The chemical compaosition of ciude vermiculite
and expanded vermiculite s ddentical except
for the water content. The water coment of
aude vermiculite sanges from 4 o 14 percent.
The propeny of extohation, which canses bulk
w oancrease foom 8 10 12 tmes aned vields a
product with o density of 4 1o L pounds per
cubne Aaot, s dependent apon conversinn of
et ol the water of hivdration to stesun, which
Torces the Luninae apart o vight angles 1o the
deavage plnes to form an accordionlike prod-
uct. kExiotcnion ocans over a temperatme
thnge of RO 1o 2.000° F qould s complered ina
few seconds H o held too fong above 1.100° F,
all of the witer ol crvstallization is lost and the
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material becomes brittle and orambles 1o pow.
der, thus losing most of s usetoduesss Phe
light-brownish-velow, dink-vellowish-hrown,
greenish, o1 almost black color ol cinde vermi-
culite changes to a gold, goldenn brown, m
bronze color, often with a metallic lster, dae-
ing exboliation.

Chemical composition is of littde value in deter-
mining the cxpandability ot vermiculite, and ex-
foliation tests provide the onfy satistactory evih-
tion. The material can be identificd in prospecting
by heating with a candle flame or even a match.

Mining

Mining in Moutana, South Carolina, and
South Africa is by open pit methods. Removal
of overburden is usually accomplished by trace-
tor powered scrapers. The technigque wn Mon-
tana has been to proceed from the top down
over a wide arca, with several fevels active
simultaneousiv in benches 14 10 16 {eet deep
with connecting haulage vamps. The mining is
complicated by the Lk of consisteney in the
grade (size) of vermicudite brom plve 10 place
within the mine. In South Carolina, the prac-
tice has been to strip around cach ore bods
and expose it on all sides. Tn South Afica,
several benches, each 15 feet deep, have taken
the mine down o a phlogopite tloor ar 135
feet. 'The vermiculite ore is usually soft enough
to be dug without blasting. Large dikes o
harten host rock require fragmentation by
drilling aud blasting prior 1o disposal at waste
sites.

Beneficiation

Techniques used at Libby are a combination
of dryv and wet processes using crushers,
screens, gigs, and spivals. South Cirnling ore is
beneticited by a wet-concentiator pracess in-
cluding washing. crushing, table Hatation. and
screening. The new plant at Libby, Mont,,
reportedly also uses only wet-benelidiation
techmques, partly to alleviate dost hazards.,
Cenmvifuges and votiry divers peacialhy e
used to remove moistnre after wer bhenefici-
tion. The beneticied product, called arade
vermiculite, is shipped poior to expansion be.
cituse ol the Linnge bulk of the exlolived pod-
uct.

Exfoliation .

Sized crude vermicalite is diopped conting.
oil-tired verticad far-
The expanded prod-

rusly through a gas- o
uee at a controlled ve.

uct s dawn ot of the
fan and into o dassificr system o colleat the
vermcuhive product, remove excessive lines,
and aliow dischinge of rebvivels clean gases o
the atmosphere. The himnace tempernare s
LBO0° 10 2 000° F with o retention time ol 4 10

funnace In o sudtion

-8 seconds,

Fxfolinted venicatite is graded hy W R,
Crace on the basis ol hulk density ane size as
follows:

Density .
Grade {pounds per Subic fool) US Swve Size
1 4107 3g-16
2 4108 4-30
3 St 9 8-100
4 6t 10 16-100
5 801} J0-

The Ameriean Society for Testing and Ma-
terials has established specifications for vermi-
culite aggregamie for conerete (ASTM (C-332)
and plaster (ASTM C-35) and {or vermiculite
loosefill insulation (ASTM C-516).

Research

Recent furnace designs permit a shorter
residence time to reduce material losses as tines
and to improve the toughness of the product.
Increased utilization has been realized tor for-
merly discarded fines in lightweight aggre-
gates, fireproofing of high-rise buildings, and
agricultural needs. Major producers are devel-
oping new beneficiating techniques for the
recovery of smaller size fractions anud treatment
of ores with lower mincral content. In turn,
industry has tarned 1o greater dependence on
computer technigques to develop the most eco-
nomic mining and heneficiation plan to best fit
an ore deposit.

{mproved insulating and fueproofing ver-
miculite-containing materials and methods of
application were developed for use in steam-
injection oil well casings, ingot-cooling beds,
building construction, and firelneaks lor seal-
ing of f underground mine fires (/).

Farther use was made of extoliated vermi-
culite’s high-adsorption characteristic (o re-
move oil from a water surtace, 1o purify waste
witer, and 1o purily air o mines. Canadian
1esearch revealed (0) that exfolimed vermicu-
lite was particulatly eftective in purifving air in
underground mines by preferentially filtering
onit dust paaticles and vadon danghieas,

Lmproved techuigues were developed for
incorporating chemical tertilizers onto the sur-
face of expanded vermiculite or into the inters-
tices of a vermicuhte-based composite material.

g BNy
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SUPPLY-DEMAND REENTTONSHUPS

Components of Supply

World production of vermiculiie has risen
trom 371,000 1ons in 1967 1o an estimated
620,000 tnus in 1977, During this same period
domestic production increased from 255,000
tons in 1967 1o the record high ol 365,000 1ons
in 1973 and then dropped to 350,000 tons (n
1977. In 1977 the United States and South
Africa produced 97 percent ol wotal wmld
production.

In 1977 imponts provided about 10 percem
of the total US. supplv. Over the fast 10 yeinns,
unports have ranged from a low of G000 100
in 1969 o a high of 42,000 1ons in 1974 South
Africa has been the source of the imports,

Industry stocks in table 4 and figme 1 oae
estimates.

Distribution of Supply

Estimated domestic demand for exfolinned
vermiculite in 1977 wis 280,000 wns, Exfol-
itted vermiculite for use e lightweight aggree
gate vequired 4D percent ol the ol demand
and was tollowed by thermal insulation, 39
percent; agricubture. 15 pereent: and othes
uses, 2 percent. The.remainimg 20,000 tons of
the total demand was beneficiated vermiculite
ore that was sold or used without exfolistion.

Over the last 10 vears, expoits have moved .
from 24,000 tons in 1967 to abowt 40,000 wns
in 1977, with a high ol 45,000 (ons in 11975
ant a low of 22,000 tons in 14970, The aude

vermiculite wis exported 1o Canada for exfol-
tition and consumpition,

The smplas of 60,000 1ons in 1977 repre-
sents the ditlerence between total U.S. supply
and the sum of U.S, reported demand, exports,
and industry stock. The surplus may be attrib-
wied 1o water, unusable fines, and grit tha
accompany the ore,

Supply-demand relationships for 1967
through 1977 appear inable 4.

Most of the erude ore mined in the Republic
of South Afiica is exported through the port
of Maputn in Mozambigque to France, the
Federal Republic of Germany, haly, the United
Kingdom, and other Furopean countries, as
well as to the United Staves, Canada, Australia,
and Japan. Quantities ol crude ore are ex-
ported trom the United States to Canada, Very
little extoliated vermiculite enters workld trade
because of high ficight costs on bulky ex-
panded matenal.

Substitutes

Expanded pethite is o dose substituie for
vermiculite in very lightweyght concrete and
plaster aggregate. Vermiculite or perlite is used
when the advantage of lower density more
than balances considerations of lower cost and
greater siractural strenpgth achieved with such
lightweight, but somewhat heavier, concrete
agruregites as expanded chiv, shale, or slate.
Alternate matevials Tor looselill sulation in-
dude tiberghiss, slag wool, polystyrene foam,
polvinethane fowm, and wood fiber. milled
newsprint, or wood pulp teated with fire-
1esistant chemicals, These materials bave excel-
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Yabie 4.—Vermiculiie supply-demand reialionships, 1967-77
17r.0usand shert tors)

1967 1988 !959 T1970 1971 1972 1973 1974 197% 1976 1977
World production:
Umted States .................. .. 258 i3y e 2as 3o y 65 J41 310 304 359
Rest ot world __ ) 116 173 rea vay 153 s T 2n 247 262 270
Torat e eiecesereein—a. s R ars 419 464 426 454 512 “ss1 554 (344 566 629
e eem e mml e st e e < o o oy oy - m5 iy e i " M e e ——
290 e 285 an 337 365 34t 330 304 3s9
1" € 12 18 1] 0 42 33 40 40
b ’ 7 ? y 7 7 7 20 20
308 33 304 326 370 402 390 3ro 364 419
7 7 7 ? 7 7 M ‘2 20 20
25 27 22 39 N 16 a4 45 at 40
21y 750 2 209 247 2493 279 245 254 300
+63 +39 « 54 .81 «85 166 +60 ‘su 148 +59
U.S demand paftern.
Crude ___ . . ... R .. R 5 10 20 20
Extolated.
Aggregats 25 110 89 Bé 104 137 (7] "7 110 135
Thermal insulation 85 85 a8 79 84 92 80 74 79 95
Agticullure 34 37 3] n 52 S0 a a8 39 45
Other . 9 18 9 15 7 [ [ [ 7 5
ToWlU.S primary demang® . 180 213 250 221 209 247 om 270 248 25% 30 °
* Estmatad. '
! imports irom the Repubhc of South Atica
* Exports 1o Canada

2 Primarily grit and water losses durirg exfoliabon
4 Beneficialed vermiculita ore, bul not exiokaled
9 Dats may not add to totats shown because of iIndependent rouncing

lent thermal properties, but the thanmability
standards for some have not been fully estab-
lished.

In agricultural uses, substitutes inctude peat,
perlite, sawdust. bark, straw and other plam
materials, and synthetic products. These mate-
rials are complementary in some uses. For
example, vermiculite protects the moisture con-
tent of peat-soil mixtures and assists in initial
wetting of the peat.

ECONOMIC FACEFORS AND PROBLEMS

The average selling price ol erude vermicu-
lite was $13.17 per ton Foh, mine in 1956,
rising 1o an estimated $51.00 per ton in 1977,
In terms of constant 1976 dollinrs the increase
was 75 percent from $2R.00 in 1956 10 $10.00
in 1977,

The average value of the extoliated material,
f.o.b. exioliation plant, increased fram $60.93
per ton in 1956 10 R170.00 per ton in 1977,
This represents an increase. of 27 percent in
terms of constant 1976 dollars (\l"h Hih pea
ton in 1956,

The quantiny and cost ol (il|)|l;l| necded for
expansion of facilities is of continual concern
to commpanies in the industy, The new mill of
W. R, Grace & Co. at Libby, Maont,, was
reported 1o cost 87 million, or. $7.000 per 1on
of hulk-coucentiate dailv capacity Palabora
Mining Co. modernized and inceased tis mill
and exfoliating capacitn. b 25 pereem ar o
reported cost of $3.5 million. P xtabating phnts

T

et 7 |
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Table 5.—Time-price relallonshup for vermiculile

Avemqu amual pncos ooums nev sbon ur\s

Yesr Actuat ou:u Based on
conslant
1976 doitars
1956 $1317 $28 00
1957 1415 29 11
19%8 1440 20 91
1959 1489 29 50
1860 - 15 62 3042
1961 16 76 3236
1¥2 1€ 06 J04S
1953 1581 29 54
1954 1599 29 41
1065 17 91 222
Y905 189 3285
1967 18 51 3102
1948 1949 3175
1909 2195 3385
1970 2278 335
1974 23 94 3330
1972 2401 2n
1973 2990 78
1974 29 6A M 10
197 4170 4303
1976 46 15 46 16
1977 51 76 “49 02

* Eshmated

are small, and the hinnace is of simple design.
A new extolinting plant at Pompanoe Beach,
i, with an estimaed annual capacity of 5,000
to 1000 1ons, was reported 1o cost $H550,000
o 1972,

Railvoad bresghe vines ane high and shipping
costs tor arude vermmoniine somerimes exeeed
the mine value. The vail-freyghs vare tor ship-
pimg vermiculite trom Monta 1o the Athantic
and Coll coasis is companable with the taans.
pent tion cost trouw Sauthe Afvica. This makes
it cconontc for sonte Sonth Alvcan aude o
coter the conntry, Most of this vermmcntite s
vansshipped by ail o harge 1o inhad points.
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] MINFRAL COMMODITY PROFILES

Owing to the bulky natme of exfoliated
vermiculite and high transporttion costs, ex-
foliting plams are lacated new nnkets,

Federal tax laws allow vermicalite producers
a M percent depletion aliowance, not o excerd
50 percent of net income. The Phiited Stues
does not have a taritt on crude vermiculine
ports, .

OPERATING FACTORS AND PROBLEMS

The vermiculite mining industry has the
usual ccological prohlems of quanrving opera.
tions in that overthurden must be disposed ol
carefully and consideration must he given 1o
the final disposition of the mine site. The
number of mines is small; therefore, only
limited surface arcas e disturbed. There is no
effluent from vermiculite milling plants, be-
cause all process water is recveded from seitling
ponds. Dust generated at.extfoliating phants s
collected by enclosed collection systems. A
tendency to canvert from drv 1o wet heneficia-
tion technigques has reduced the dust problems,
The industry does not pose any severe enviros-
mental problems,

A plan to bring a group of deposits in Fomsa
County " Va,, into production has met a number
of challenges that have delined construction of
a mine, mill, and plani. The developmenm of
the site has been chalicnged on the grougds
that such an activity would canse “sight pollu-
tion” in an area that has been dechivned a
National Histonie Landoun k., Addimonally, the
Sceretary ot the Tutenior has aceepted scenie
easements for various properties located within
the historic landmark. The casements coven
property ncar the vermiculite properties hut
do not include anmy of the proposed mimning
sites. The easements give the Depatiment ol
the Intevior legal vights simikin 10 those of the
acusal property owners,

The State of Virginia has issued all the
necessiny permits to allow Viraion Vermion-
lite, Inc., to begin mimnmge. Lhe company has
obtained a commarcial operatons loan of S}
million to develop their 160Gce toact and
plans 1o begin in 1978 W R0 Gove & G,
owns considerable aocage o the woane nea,
but has imnoonced no immediate plans o
develop a nine and mill.

Lack ofscommerdial techniges of sepavating
vermicatfite and hotte has hiodered the fall
use ol some ores. An operating problem ha
been the production of excessive fines in grind-
ing.

hiring extoliation, ansalable quantities of
minus  100.mesh vermicudite are prodhaced i

the nunerial remains 1oo long in the tarmce
hot zone,

There me only two major wonld supplicrs of
crude sermiculite and one major domestic
supplics Thiv cometimes coses an unstable
ande supphy Tor exdolinors. The principal
domestic mine is moan aea ol severe wnners
i conld irertupe the noronl flow of aade
vermicalite to exfoliators.

Abont 2995 workers were craplosed at domes-
tic vermiculite mines and mills in 1977, Several
hundred adduional employees operated ver-
miculite extolintng plants.

OUTLOOK

Supply

Domestic supplies of «rude vermiculite
should fall short of mecting requinements to
the vear 20000 Alier 3 yeas of decline, produc-
tnon has incrcased 1 nea the record level of
1973, Producnon must grow at about 1.5 per-
cent per year (from 1976) 1o reach the esti-
mated 500000100 Tevel by 1985 Maos of the
additional maiterial will come Lrom increased
mroduction by W R Cance & Co,ane from the
new capacity of Vinginia Vermiculite, Lad., in
Lounisa Comny, Ve Tmports from South Africa
will continue to furnish part of the 1otal supply.

A Kev oanea of concern s the availability of
Luger sized material, Uhese mades ol vermi-
culite oconr irvegularly throughout the domes-
tic deposit, makiog it difficalt 1o ensure acces-
sthility of adequate quantines. Sourth Afvica has
more ol the Kuger material, but recovenng it is
more expensive. which will hamper future
development.

Demand

For the 1haear period 1976-85 domestic
demand for vermicalite is expected to grow at
an aevetage anmtal tate ol 78 percent. Thas
gives w FYRH probable demand figaire ol
HSo0.000 vons. “The demand for the vest of the
workd v expected o diraw even with UES,
demand by 1980, Camulbnive denvind throngh
TOR5 for the world as estimsned at 6,620,006
tons,

Domestiec demand s expeced 1o taper ol
atter TORS 1o give an overall 1UH76=2000 growth
vate ol 3.6 percent, The 2000 densoad wall be
about 600,000 tons with o 24vear cumulative
total of 10 million tons.

The rest-of-the-world total for 2000 is
GOMLODY tons, the sine as domestie demand.

l‘{:‘:-ﬁ'--» it
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Table 6. —Summary of foiecastis of U.S and recal-of-world vermlculite demand, 1976-2000

[T RIA CE LR N (I

an o
rial

Can Frobatie Protatie average
1878 o Foecastrangs T L annual grown fg\o
low 2L 1985 2000 1976 2000 tpwcont)
Uniton Siates
-  Towal - %S 400 852 500 00 s
Cumuiative . MY 129 3400 1000 o
Resi ol woe'd *
Tolal e 290 400 700 500 €00 43
Cumuialive . _ T30 10100 3220 * 9300
World * *
Tet . . 4% [Lh] LN 10K, 1700 39
110100 gl

Cumutative

b.620
' Excluding centiatly controliad econonves

19.300

Table 7.—Projections and forecasts for U.S. vermiculite demand by end use, 1976 and 2000
{7 2usa~0 shorl tors)

2000
Conungency ‘orecas!s for Uniled Staies
Erduse 197¢ Statsrea!
nro,echion’ . L fermianee L Pronatie
Low High .
Eziohated .
Lohtwegnt aggreqats .. ... ..._.. ... .. " 247 2C0 300 225
Thermal insulabion v 1837 100 00 178
Agricultlure ... . L. Ll .l a9 160 50 120 100
Other . . e e N [ead 10 50 50
Totat, .. . ... .. R .. 235 360 770 550
Unexfohsied ... . . . R 20 40 80 50
400 850 600

Geandtotal . ...l oL Ll 255

' Statistical progsctions are der ved fron regress-on ara'ys 5 based on histoncal bms cerrec dala and 1ororasis of economic irdicators such as gross nahional product.
and FRB ingex Projection aguations wilh a coet!.ciant ot gelermi=ation (A squared) less than 0 70 are indicaled by an astensk ()

Due 1o a lower starting base, the growth rate
for the 1est of the world will he 4.3 peveent. or
about .7 percentage poinmt higher than the
U.S. rate. The cumulanve total for the rest of
the world is 9.300.000 tons through 2000,
Forecast ranges for U.S. demand by end use
are listed in table 7.

Lightweight Aggreguie. —Cotrelation with the
Federal Reserve Bosad Index (FRBTE Ten cone-
struction and allicd equipment established o
statistical projection of 267.000 tons of vevmic-
ulite in 2000. 1t is expected thar greaer use of
low-density fireprool material with sound-ub-
sorbing propertes in voof decks oo fill and
prefabricated panels will steadily inarease de-
mand for vermiculite concrete,

Concerning demand for vevnniculite plasiers
and cement compounds, there e positive and
negative factors. Uhe use ol conerete frame
work tor low- and vecdinmeaise buildings in
place ol stuctural steel s vetarded to some
degree the growth ot demand for these plasters
and cement compoutuds 1o tireprool steelwok,
but they are often used o improve the fie
resistance of reinforied and presnessed con-
crete columns and heams, Also, increasing
cmphisis on acoustical and textaring proper-
ties in building speditications shoald incrcase
demand for these plaster sind cement products,

The forecast range was set using a0 giowth

te ol 2.5 percent for the low end and 4.2
percent lor the high end 1o account for
changes that may ocaur in demand. The probh.
able demand is 225,000 1ons, 42,000 1ons less
than the statistical projection,

Thermal Insulation — 1'his end use when cop-
reblated with the FRBI for total production
vields o statistical projection of 183,000 tons;
however, this conrelation s o low seatistical
1ehability factor. Vhe maeased need for insu-
ltion to conserve energy niy spur demand 1o
about 175,000 tons by 2000, The wide forecast
vange wis set to allow for possible increased
use of altermne insubating oaserisds and the
possibility o greater-than-anticipated demand
for homes and buildings.

The higher demand level Tor all types of
insulating nuderials will increase. Vermiculite
mas gain in constmption should petrochemical
feedstacks Tor the manulactu e of some other
insulating nuncrals be in shore supply.

Phe demand tor vermicadite mas be ad-
verselv affected by s Tow R ovalue and a
shortage of Luger sized vermiculite {or use as
insulation. R i« a measure of a material’s
resistance (o heat tanster, Hhigh R ovalues
indicate, on a compaative basis, that the mate-
riad is o hetter insulinor, Vermiculie has an R
value of 2.2 per inch (with some tests yielding
avating of 2.5 versus 3.7 per inch 4on cellulose

‘\-! m ‘j | ’-“‘;.‘ XL "4“}',,‘
LR ’:.’Ews..%.'»:',.;.g‘-- @ 15 %
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Table 8.— Comparison of domestic vermiculite
production snd demand 1954--76, and projected
production in 2000

(Thousang shorl fons

Yoni US demand

U S prodarton
1954 145 e
1958 L] 2t
1956 199 te
1957 Lin) m
1958 155 m
1959 . 153 207
1960 151 g
1961 15 2%
1962 152 25
1953 172 6
1964 177 i)
1965 177 2449
1966 193 52
1967 180 255
1968 213 %0
1969 250 30
1970 " 221 TAs
1971 209 90
1972 247 3
1973 293 365
1974 279 34t
197% 245 330
1976 255 I
1977 *290 . 1359
1985 1500 413 . 450
2000 1600 1532 *580

* Esumaled .

! Nat 1so0 in forechs! "
! Probable forecasts irom 1abin &
120.year trend.

or 3.2 per inch for glass wool batts and 2.3 for
blown-in fiberglass.,

Agricultire —Vernmiculite usage inagricaltune
was related 1o gross private domestic invest-
meirt to derive a statistical projection of
160,000 tons. It 'is expected there will be a
greater demand for vermicanlite for growing
crops without soil (hvdroponicsy. The probable
demand was set at the high end of the forecast
range for this reason but still well below the
statistical projection,

Other —No index was lound o carelate
reliably with other uses of vermiculie. ‘The
forecast range was set subjectively at 10,000
tons to 50,000 tons because of new uses which
may develop,

Unexfoliated vermiculite - “Uhe principal end
use of this category s for Hireproofing wall.
board. There were not enough data to develop
a long-term correlation lor use in lorecasting
this use. Again the range was ser subjedinely,
with a probable demand i the vear 2000 of
56,000 tons due 1o increasing interest i bener
methods ol lireproofing homes and commaer-
cial buildings,

Possible Supply-Demand Changes

Stiaight-line projection of domestic vermicu-
fite production- mdicates that prodaciion will
he about 413,000 tons in P985 and 532,000
tons in 2000. With the addition of Virginia
Vermiculite and other small producers to the
ranks of domestic producers, producton will
probably iucreise 1o 450,000 1ons in 1935 anild

8 A AL L e A aN b/ T 1t A B PN
X oo A BRI A S Lre 16 oA ’.";i'i'y’,;'

550,000 tons in 2000, T he 50,000-00n shartfall
hetween demand and supply will be et by
nporis,

Future periods of tight supply, particularby
m the knger sized moteral, will be met with
vising prices. With prices higher, some previ-
omndy subcconatie pesotices nay hecome e-
senvessoed production may consue, )

A shartage of supply of the Targer materiad
min hamper the development of the insulating
ma kets. In the midseventes this has been
evident in thit many exfoliators have felt thin
they could have sold considerably immore vermi-
culite for insplation if the crude had been
available.

Possible Technological Progress

Technological improvements in prospecting
might lead 10 new discoveries during the fore-
cast perind. New methods for separating ver-
miculite and biotite might emerge. Larger mar-
kets probably will be further developed for the
finer sized exfoliated nuterial. New uses for
vermiculite could emerge, such as in new cotn-
pusite building materials to manufacture pre-
fabricated units and in adsorpion of impurities
inair and waste water,
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Table 1.‘

Distribution of Exfoliated Vermiculite Sold or Used in 1975-197°
3575 1576 1577
Application Short Percent Short Percent Short Percen-
' tons " of total tons of total tons of tot:
Aggregates:
Concrete 75,000 32 67,706 25 65,920 21
Plaster 4,000 1l 3,099 1l 3,599 S |
Premixes® 38,000 17 39,448 15 30,130 9
Subtotal 117,000 50 110,253 41 99,649 31
Insulation:
Loose £ill 39,000 16 39,058 14. 74,900 23
Block 35,000 15 39,310 15 50,980 l6
Packing" - - 390 = 168 -
Subtotal 74,000 31 78,758 29 126,048 39
Agriculture:
Horticulture
and soil
conditioning 31,000 13 36,379 13 40, 780 13
Fertilizer b
carrier 7,000 3 37,450 14 47,580 15
Subtotal 38,000 l6 73.829t 27 88,360 28
Miscellaneous: 6,000 3 7,334 3 6,797 2
Total 235,000 100 270,174 100 320,854 100
Source: Haines 1977.

Includes vermiculites used in premixes for acoustic and fireproofing
purposes, decorative textures, moisture sealants, etc.

Revised.
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EXPOSED POPULATIONS

Excerpts from:

INTERIM FINAL REPORT

Exposure Assessment for
Asbestos-Contaminated Vermiculite

EPA Contract No. 68-01-6271
Task No. 1
Prepared by : ¢

Versar Iﬁc.
6621 Electronic Drive
Springfield, Virginia 22151

February 18, 1982
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7. EXPOSED POPULATIONS

The following section presents the best available data concerning the
number of persons exposed to asbestos-contaminated vermiculite. In many
cases, the data apply to the total numbers of producers and users of
vermiculite; no attempt is made to estimate the proportion using the asbestos-
-:ontaminated mineral. Section 7.1 lists the occupationally-exposed
opulations, Section 7.2 deals with consumers of vermiculite products, and
ection 7.3 estimates the population exposed to ?sbestos via ambient air near

vermiculite emission point sources.

7.1 COccupational Populations
7.1.1 Miners and Millers
There are four active vermiculite mines in the U.S.: W.R. Grace in Libby,

Montana; Grace in Enoree, South Carolina; the Patterson Vermiculite Co., also
in Enoree; and Virginia Vermiculite in louisa Oounty, 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 mill (JRB 1982). The Libby mine employs 250 persons (EIS data
base 1980). The Grace mine at Enoree produced 119,000 kkg in 1979 (JRB
1982). Ore is mined frcm several cpen pits, exploited with little 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 mine, it is
assumed that the Grace mine at Enoree employs 200 persons. The Patterson
Vermiculite Company mined 5,000 kkg in 1979 (JRB 1982). The ore is mined from
open pits and hauled by trucks to the mill two miles away (JRB 1982).
Patterson has between 20 and 49 employees (EIS data base 1980). The Virginia
Vermiculite mine began operations in 1979, mining 9,000 kkg (JRB 1982).
Further data are unavailable. Using figures for Patterson as a gquide, it is
assumed that the Virginia mine employs between 20 and 49 persons.




Table 17. Location, Employment, and Products of U.S. Exfollation Plants

Name Location Number of Product
Employees
Brouk Co. st. Louls, MO
Cleve‘land Bullders Supply Co. Cleveland, OH gypsum
Diversified !nsulation inc. Mllnneapolls, MN Insulation
JoP. Ausfln Assoc., Inc. Beaver Falls, PA
W.R. Grace Co., Construction irondale, AL

Products Dlv.

W.R. Grace Co., Construction Phoenlx, A2
" Products Dlv.

W.R. Grace Co., Construction North Little Rock, AR 3% exfollated vermicul ite
Products Dlve.

W.R. Grace Co., Construction Newark, CA
Products Dlv.

W.R. Grace Co., Construction Santa Ana, CA 200 concrete products
Products Dlv.

W.R. Grace Co., Construction Denver, CO ‘ crude petroleum; ol! and gas
Products Dilv. exploration; exfollated

vermicul |te

W.Re Grace Co., Construction Pompano Beach, FL 25 chemlcals
Products Olv.

W.R. Grace Co., Construction Jacksonvilte, FL 36 exfollated vermicul l te
Products Div.

W.R. Grace Co., Constructlion Tampa, FL 75 fertt]lzers
- Products Dlv.

21



Table t7. (continued)

Product

t .R. Grace Co., Construction
Products Div.

?

.Re Grace Co., Constructlion
Products Oive.

.sRe Grace Co., Construction
Products Div.

"sRe Grace Co., Construction
Products Dlve.

!eRe Grace Co., Construction
Products Dive.

JeRe Grace Co., Construction
Products Dlv.

'AA.R. Grace Co., Construction
Products Dlv.
W.R« Grace Co., Constructlion

Products Olv.

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

W.R. Grace Co., Construction
Products Dive

international Vermlicul!te Co.

Koos Inc.

Locattion Number of
Employees

Ok lahoma Cl+y, OK
Portiand, OR
New Castle, PA 45
Kearney, SC
Travelers Rest, SC
Enoree, C 133
Nashville, TN 20
San An+§nlo, ™
Daltas, TX
Ml Ivaukee, Wi 21
Glrard, IL 20 - 49
Kenosha, Wl 100 - 249

23

equipment rental and leasing;

crude petroleum, ol! and gas

exploration, oll fleld and
other machlines

plastic products

exfollated vermicul lte

{asulatlion; also
fertiilzers
(105 emp ioyees)

soap and detergents
chocolate and cocoa,

exfollated vermiculite
mineral wool

agricultural chemicals




Table 18. Estimates for Vermicullte Transportation from Exfoliation Plant

Exfollated vermicul Ite (percent of total)

End use Bag Bulk Use at Plant
Aggregates 24 12
Insulation 3

Agrleultural chemical carrler 1 3 13
Growing media 7 7
Other uses ! !

TOTAL 64 3 33

Source: JRB 1982,
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Vermiculite is probably no longer used in the U.S. as a carrier for
commercial pesticides and agricultural fertilizers. However, it is still a
comon ingredient in lawn and garden fertilizers as used by gardeners and
groundskeepers, landscapers, nurserymen, and homecwners. About three-fourths

of tliese mixtures are formulated at the exfoliating plant.

Vermiculite is also commonly used in growing media. Half of the
vermiculite so used is formulated by the distributor into soil and soilless
premixes; of this, 75 percent is shipped to greenhouses and the rest retailed
to the oconsumer. The other half is bagged as is and shipped from the
exfoliator to the distributor as “horticultural grade" vermiculite. It is
probably not rebagged. It is used mainly as a mulch and soil conditioner, for
hydroponics, and for packing bulbs and seeds for transportation. 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 retail
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) Retail. Vermiculite has a number of consumer uses, and may be
offered for sale in virtually any kind of store that sells merchandlse for the
home. It is also used in window displays. ., ! N \\ Mﬁ\ LU \}\ -

\
(S) cCastable refractories and firebricks. Vermiculite has refractory

° e

uses in aluminum and ferrous metal foundries as a component of molding sands

and insulating cements and for other uses. Vermiculite-containing firebricks
are used in high temperature furnaces and in cther applications as listed in

Table 19.



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 period of time but no confirmation was

available.

7.2.2 Lawn and Garden Fertilizers

Market research (Simmons 1978) indicates that 33.8 percent of the U.S.
population buys lawn and garden fertilizers each year (74.4 million persons |
based on 1980 population figures). The percentage of lawn fertilizers
containing vermiculite is not known. Ortho and O.M. Scott are known to
produce fertilizers containing vermiculite. Estech General has reported that
vermiculite was removed from their Vigoro product line a few years ago (JRB
1982). Approximately 32 million households kept gardens in 1976 and 1977 (EPA
1980b). It may be assumed that fertilizer is used in all gardens, but again
it is not known what proportion of garden fertilizers contain vermiculite.

7.2.3 Houseplants

The number of Americans who own at least one houseplant is not known but
probably includes the vast majority of the population. The percentage of
houseplant potting soils that contain vermiculite was not known. The majority
of houseplant owners probably buy plants that are already potted and keep them
indefinitely without repotting. If the soil does contain vermiculite, it is

probably kept fairly nm.st, is rarely (if ever) disturbed, and would therefore

not be a s:.gruflcant source of potential exposure. A small fraction of

—

houseplant owners are hobbyists who buy significant quantities of premixed
soil or who mix their own soil, often using bagged horticultural
vermiculite. They would bte exposed to vermiculite during mixing and
repotting. Persons who cultivate succulents or who frequently:%oot cuttings
would use the most vermiculite. ‘

There are at least 3,000 owners of hobby greenhouses (Encyclopedia of
Associations 1980) whdse éxposure to vermiculite should be comparable to that
of greenhouse employees occupationally exposed.
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levels .of asbestos fibers., St. Louis was chosen as a representative site and
vas used in the ATM-SECPOP model (see Section 5.3.2) estimating ambient
exposure fram exfoliation. In the ATM-SECPOP results, all persons within 50
im were exposed to some asbestos. For the purposes of this éxposure ’
agsessment, it was not pggsible to count the populations within 50 km of each
31980 Census data (Bureau of Census 198l1) were
‘btained for most of the 47 cities. Table 20 lists these data. The total

:ite accurately. Insteadd
wmber of persons ambiently exposed to asbestos from vermiculite exfoliation
.S estimated to be 13,147,496. Section 8 will discuss the level to which each
subpopulation within that total is exposed.

The procedure used to estimate this population is limited, and the figures
obtained must be considered approximations. The limitations include:

e [ata were unavailable for three sites: Beltsville MD; Kearney, SC:
and Enoree, SC. Maps indicate that these are small towns. A
population of 1000 was assumed for each.

® It was not possible, within the scope and resources of this study, to
determine the exfoliation plants' actual locations, to see whether
nearby towns might be affected.

°® It was assumed that the total reported population within a town would
be exposed to some extent. AIM results indicate that fibers are
dispersed to a 50 km radius, and it is unlikely that any city
enumerated by the Census would exceed those bounds.

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

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

No significant ambient exposure via water or land would be expected.
Section 5, summarizing the fate and transport of asbestos fibers and exposure
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pathways, shows that water and land are not important sources of exposure to

asbestos fram vermiculite. - &
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(2) Exfoliators of Vermiculite. Exfoliation of vermiculite leads to

atmospheric emissions from process equipment and during handling. Uncon-
trolled emissions to the air within an exfoliation plant my lead to occupa-
tional exposure, while process vents to the outside lead to exposure via

ambient air.

The actual number of persons exposed in the workplace to asbestos from
exfoliation is not known; estimates range from 1,694 to 1,979 employees at 52
plants. Fiber levels within the exfoliation area vary between nondetectable
and 0.48 f/cc. The higher exposure levels that have been recorded in the past
are no longer encountered because of the installation of improved dust
collection devices and enclosures (see Table 11).

(3) Transporters of Vermiculite. The number of persons involved in
transportation of vermiculite is unknown; the NOHS survey identified 129 truck
drivers and 108 rail workers exposed to asbestos from vermiculite transport
(Table 21). It is probable that a large number of workers handling vermicu-
lite in transport are unaccounted for.

Exposure during transport méy 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. Fiber counts may range from 0.22 to 245.0 fibers/cc when handling
Libby vermiculite. Warehouse workers handling the exfoliated product have
been monitored with personal samplers. Results indicate that no exposure
arose from warehouse handling of vermiculite, but it is likely that accidental
spills occur with same regularity and lead to exposure during cleanup

operations.

(4) Oommercial and Industrial Users. This population includes

formlators of consumer products and users of exfoliated and unexfoliated
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vermiculite. Few data are available to quantify asbestos exposures within
this group. Parts I.D. and I.E. of Table 21 present the available data. In
some cases, product formulation data were not distinct from exfoliation data
and the same figures were used for both worker subopulations. This was the
case for producers of lightweight aggregates, producers of vermiculite
insulation, and producers of agricultural and horticultural products.

Table 22 lists the occupational subpopulations for which no data were
available, and makes a qualitative statement of potential exposure.

8.1.2 Consumer Exposure

Consumer exposure has been calculated for three types of products: use of
vermiculite loose~fill insulation in attics, use of lawn care products, and
garden fertilizer application. The cother consumer uses of vermiculite are not
expected to lead to high exposure to asbestos; asbestos fibers either affect a
very small population or they are not expected to be released during use.

(1) Consumer Installation of Loose-Fill Vermiculite Insulation. It has
been estimated that the attics in 940,000 homes have been insulated with
vermiculite in the last ten years (see Section 7.2.1). At the rate of 94,000
homes éer year, and assuming that the job requires two pecple, approximately

188,000 consumers are exposed each year.

The estimates of asbestos concentrations in an average attic are seen in

Section 6.5. The average exposure level is 7,200 ug/m3 for the 8-hour periocd.

Once in place, vermiculite attic insulation would probably not lead to
subsequent consurer exposure. The type of attic in which vermiculite is used
is ordinarily isolated from the rest of the home and is not regularly entered.

(2) Consumer Use of Garden Fertilizer. As seen in Section 6.5, asbestos
levels can be estimated to reach 57 ug/m3 during application of garden ‘
fertilizer; a time-weighted average of 28 ug/m3 represents the mean exposure



level. It is assumed that it takes one hour to fertilize the average garden

and that it is done once yearly.

The proportion of garden feftilizers containing vermiculite aﬁd 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 million persons are exposed to 28 ug/m3 asbestos during
fertilizer use. '

(3) Oonsumer Use of lawn Care Products. This worst-case exposure
scenario is based upon the "box model"” estimated concentrations developed in
Section 6.5. This analysis should be interpreted with caution in light of
O.M. Scott's monitoring of air during use of their products, which detected no
asbestos fibers (see Table 11). Each consumer might breathe a time-weighted
asbestos concentration of 4.4 ug/m3, for four hours once yearly.

Approximately 74.4 million Americans buy lawn and garden fertilizers each
year. Again, the percentage buying asbestos-containing vermiculite products
is unknown. '

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 is via
releases into ambient air; water and land are not significant exposure sources
(see Section 5.2). : ¢

(1) Ambient Exposure Near Mines and Mills. Approximately 4680 persons
live in the three towns with vermiculite mines. All are probably exposed to

asbestos fibers from controlled and uncontrolled emissions. Monitoring data
collected at points around mines and mills indicate that levels of asbestos
range from undetected to 0.5 fibers/cc. A full-time resident could be exposed
to this level 24 hours per day. The respirable fraction of this level has not
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unloading is probably very small because of the relatively low release rates:
exposure to the transportation workers during loading and unloading is
considered to be an occupaticnal exposure and is discussed in Section 8.1.1
above.

Disposal comprises primarily landfilling solid wastes from mining,
beneficiation, exfoliation, and processing, and also includes discarded end
products (JRB 1982). Releases of vermiculite and asbestos from landfills are
thought to be negligible. Wastewater fram mining, beneficiation, and
exfoliation is recycled (JRB 1982). Minor amounts of vermiculite and asbestos
are released fram water treatment cperations at permanent vermiculite concrete
plants (JRB 1982). Because water-mediated exposure to asbestos from
vermiculite is not thought to be a significant route, and because the aquecus
releases of vermiculite and asbestos are insignificant compared to air
releases covered in the occupational, consumer, and ambient scenarios, this
exposure pathway is considered to be negligible.

As discussed in Section 5.2.2, asbestos is not expected to be accumilated;
therefore, food is not considered to be an applicable exposure scenario.

Drinking water could contain asbestos fram waterborne releases from
vermiculite processing and use. Releases to water from all sources are
considered negligible (JRB 1982). Fate processes do, however, result in scme
intermedia transfer of asbestos fram the atmospheric and land environments to
surface water. The available data are inadequate to support a quantitative
estimate of exposure from ingestion of drinking water, but it is considered
unlikely that this expésure route is significant compared to the occupational,
consumer, or ambient exposures discussed above.

8.1.5 Integrated Worst Case Exposure Scenario
The geographic distributicn of vermiculite point sources and the
widespread use of some vermiculite products indicate that individual exposure

may come from numercus sources. This facilitates the creation of a plausible
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Table 23. Worst<Case Indlvidua! Exposure Level Proflle

Source of Exposure

a
Exposure level

Working In an exfollation
plant 2,000 hours yearly

Living In clty with exfollation
plant 8,736 hours yearly

Fertlilzling garden once yearly
for one hour

Fertili1zing lawn once yearly
tor four hours

Insulating attic for 8 hours
once in |{fetime

0.48 flbers/cc

0.025 ug/m>

28 ug/m>

4.4 ug/m3

7,200 ug/m°

Exposure levels from Table 21.

{
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ENVIRONMENTAL POLLUTION BY

ASBESTOS PRESENT IN VERMICULITE ORE

Arthur N. Rohl, Ph.D.

Peter M. Dittman

Environmental Sciences Laboratory
Mount Sinai School of Medicine
City University of New York
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Abstract

Raw vermicullite ore after exfoliation at high tempratures provides

a low density material with excellant thermal and acoustical insulation
properties, as well as a water storage enhancer in soill. The ore
slated for mining in Louisa County, Virginia was found to contain

two types of asbestos minerals, actinolite and chrysotile. Mining

and milling of such ore may result in occupational as well as
environmental contamination of air and water. Potential health
hazards may also be assoclated with the use of asbestos-contaminated
vermiculite consumer products, such as horticultural media and

animal litter.
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Two vermiculite firms, W.R. Grace & Co. and Virginia Vermicullte are
seeking open pit mining permits for mining of vermiculite‘ore in the
Green Springs. Virginie area. Historic Green Springs Inc., an
envircﬂ;ental éroup with historlc interests, has engaged in litigation
with the mining board consequent to approval of two temporary permits.
Both firms have confidently stated that there 1s no trace of asbestos
in the proposed mining sites. A laboratory study was performed, by
A.D, Little Inc., for W.R. Grace & Co., on ore samples from the same
general location. The conclusions reached were that vermiculite,
hornblende, and hydroblotite were the major constituents and that the

presence of tremolite was doubtful.

The mining and subsequent widespread use of such vermiculite ore
raises the possibllity of environmental contamination by the
asbestos minerals present - chrysotile and treﬁolite/actinolite.-
These minerals have known human disease potential (1), being both

carcinogenic and fibrogenic.

The structure of vermiculite consists of 2 central octahedrally
coordinated layer of (Mg, Fe) ions between two inward pointing
sheet_of linkéd 810y tetrahedfa, giving an emperical éhemical
formula of (Mg.Ca)i(rxg,Fe+3.A1)6((A1.51)8 020) (OH), +8H20 .
Geologically, vermiculite may be formed by two principal processes;
one is in the region of contact between acid intrusives and basic

or ultra-basic rocks. The second type of occurence is as an
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alteration product of bilotite either by weathering or hydrotherral
action (2). In the Green Springs area, the deposits of hornblende
gabbro and gnelss are sufficliently near the surface to allow weathering

alteraiion to for vermiculite.

Methods

Fourty court-sanctioned core samples, indexed bty number were taken
in the Green Springs area. Six of these samplesiwere fowarded to
the Environmental Sciences Laboratory for mineralogical analysis.
This included examination by polarizing optical microscope, x-ray
diffraction, transmission electron microscope, and scanning electron

microscope with microchemical capabilities.

Raw ore samples were prepared for the optical microscope using
conventiénal techniques of mineral fragment observation. Mineral
properties and optical constants of each of the samples wefe measured,
These included; color,'morphology, cleavage traces, indicies of
refraction, relief, birefringance, e*tinction anéle, and

Pleochroisn.

Six samples were prepared for. the transmis#ion electron microscope
(TEM) by the wipe-out technique (see append.1). Along with t hese
samples, three amphibole standards were also pfepared. Actinolite,
tremolite, and hornblende were sélec{ed because of thelr possible

occurence in thesamples,

Two grids from each were scanned at 20,000K. Because the fibril
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morphology ofchrysotile 1s so unique, this mlnera; specles rmay

be identified by this meihod alone (3) (4). These fibers were sized
apd coupted. and theilr mass concentration in the samples were.
calcula;ed (see table 1). The amphibole minerals, however, needed
further characterizaiion after initial identification by selected
area electron diffraction techniques on/the TEM ( see fig. 1 and
append.) (5).These amphibolefibers were rapped for study under the

scanning electron microscope (SEM).

The SEM, coupled with an enerzy dispersive x-ray detector, enabled
semi-qualitative analyses of the mappéd amphibole fibe:s and standaxds.
It was necessary, because of the low emission ofthelight elements, |
to calibrate our instrument by including chemically analyzed standards
in our analyses. Eight fibers of each standard and sample were
analyzed and spectra recorded using a DEC FDF 11 computer.

Vermiculite particles were included from each sample for comparison

purposes.

An area, was recorded for each sample and standard, that straddled

the center of each x-ray energy peak of magnesium, aluminum, silicon,
potassium..caicium, and 1ron.‘ Another area was subtrﬁcted which was
representative of thebackground noise. Crude percentéges were
calculated for each element from the corrected areas, Using this data
three component graphs forlall the fibers were made up containing
MgiCa:Al and Mg:K:Al (see fig. 2). The chemically analyzed actinolite
fibers were also plotted onseperate three components containing the

same systems.
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For a quantative measurerent, the samples were prepared for the
x-ray diffrﬁctometer. The sonicated sarmples remaining from the
wipe-out precedure were elutriated on a clean glass slide, taking
care to ;oncentrate the sample in the reglon of the incident beam,
Each of the samples were continuously scanned through the 5-65
degrees 20 region, where € is the dispersion angle. The peak
positions as a function of degrees 26 were recorded and correlated

using the ASTM x-ray powder data files.

TPo further quantify this, the samples were pepared for step-

scanning by the filter mount method (see append. 1) (6). The diagnostic
reflection of tremolite wes step-scanned over a goniometric interval

Af 10.00-11.10 degrees 20. .This interval proved sufficient to

define a peak-to-background ratio (6). A digital printout of elapsed
time in the fixed-count mode was used to prepare precise positions

and profiles of these refiections. The area of which was determined

. using a compensating polar planimeter.

For comparison, binary systems contalning talc and tremolite were
prepared, Percentages of 25, 50, and 757 tremolite in talc were
contlnuousl& scanned over the 5-65 degrees 26 range (see fig. 3).
However, because of orlentation and nicroabsorption effects (7), a
curve containing standards below ten percent tremolite in tale had

to be prepared.
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Results

Based on observations from the optical microscope, it was found that
gmphibqle minerals were present in all the samples. The estimated
perceé;ages ranged from a trace quantity (about 1% or less) up to
ma jor constituents of the sample ( >5057). The observed variance

in asbestos content of the samples is a function of various
geological factors. The élose similarities and overlap of indicles
of refraction of the amphibole minerals precluded positive identifi-

cation by this technique.

The electron beam instruments enabled the identification of the
prticular species of amphibole mineral present. . Using the micro-
chemical capabllities of the SEM, it was possible to detect which
catlons were present ip substitution. A graphic interpretation of the
elemental percentages yielded actinolite as the major amphibole
species present, The transmission electron microscope also allowed
identification and quantitation of the fibrous serpenti&e mineral,

chrysotile (see table 1).

The determination of the presence of amphibole minerals by optical
microscopy was conf;rmed by tge continuous scan mode of x-ray
diffractometry. Amphibole phases were found in five of the six
samples. Step-scanning of the diagnostic reflection (in the angular
interval 10.0-11.1 28) pefmitted determination of the percentages of

actinolite listed in table {.
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Summary

Mining and milling of.this ore may pose a poteﬁtial hazard to the
miners and their families. A possible environmental hazard also

exists by gmbient alr and water contamination resulting from this
operation. 1I%-1s suggested that other vermiculite ores be thoroughly
studied to discern the content and hazards inherent in their productiop.
Also that protective measures be employed in production areas already

in progress.

The results of this study have been Srought to the attention of the
appropriate regulatory agencles, Occupational Safety and Health

Administration and the Mining Enforcement and Safety Agency. It is
their intentlion to monitor all vermiculite processing plants in the

country for asbestos levels,

Arthur N. Rohl, Ph.D,

Peter M. Dittman

Environmental Sclences Laboratory
Mount Sinail School of Medicine,
City University of New York
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CHIZIMICAL HAZAPRD INFORMATION PROFILE* = .
) ) oY) L\ e,
Environmental Protection Agency f_)ff’f: /: \'iga J

Chemical: Vermiculite

CAS #: 1318-00-9

Date of Report: 9/21/79

CHIP Equivalent:

Rationale for CHIP Selzction: Report of "bloody pleural effusion”

in workers at vermiculite plant - in FYI submission.

Comments:

'High exposure potential; deménstrated human toxicity, not on TSCA
inventory - should have been included as a natural product.
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Vermiculite 1318-00-9

Vermiéulite,.a hydrated magnesium -aluminﬁm -iron silicate
- has a platelet-like crystalline structure with pseudo- hexagonal
-characteristics. For commercial purposes crude vermiculite is
heated to "exfoliated" vermiculite. sWhen heated vermiculite is
capable of expanding's-zo times its original size. Exfoliation
takes place in vertical furnaces with temperatures ranging -
bétween 1l600°F and 2000°F. When the water composition of
vermiculite is heated to high temperatures the pressure of steam
:‘.or:ces the laminar apart af. right angles to the cleavage planes
in an accordian-~like form. Air spaces develop throughout the
heated vermiculite thus its great bulk, log thermal capacity and
high insulation value. (Otis, 1958)%

Vermiculite is a secondary mineral found in Montana,
Wyoming,'Colorado, Virginia, North and South Cﬁrolina and South
Africa. The-commerciaily significant deposits are located in
Libby, Montana and South Africa; (Otis, 1958) |

Vermiculite is soft, smooth, and resilient. It is soluwle
in hot concentrated sulfuric acid and insoluble in water and
organic solvents. (Hawley, 1978)2

There are nineteen varieties of vermiculite known. Only the
varieties vermiculite and jeffersite have been mined
commercially. Although there is some disagreement as to whether
vermiculites con#titute a distinct chemical species, x-ray
studies confirm that the diffraction patterns of vermiculite

-
differ from true micas or chlorite. (Otis, 1958)
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Molecular formula: IMg0 Fe,Al,0, 3si0,

Bardness (Mohs scale) 1.5-3.0

Specific gravity .. 2.30-2.80
‘Melting point 2,425°F - 2,480°F
Production/Use

‘Uses of Vermiculite

insulating material

light weight concrete aggregate
additive of ferilizer

seed bed for plants

insecticide carrier

absorbent in the removal of strontium-=90 from milk
removal of phosphates from wastewater
filler for paint, rubber, and plastics
animal feed additive ,
litter for hatcheries

packing material

(Hawley, 1977)2
Free world production of Crude - Vermiculite
Production (short tons)

1974 1975 1976 1977

U.S. ' 341,000 330,000 300,000 320,000
S. Africa 200,000 230,000 250,000 255,000
other 12,000 12,000 12,000 12,000

(Riedl, 1977)3
Users:

Information on users of vermiculite is scant although 0O.M.
Scott & Sons of Marysville, Ohio reports pyrchases of crude
vermiculite from W.R. Grace, Libby, Montana and South Africa for
usage in their lawﬁ_care products. !

- Chemical Week Buyers Guide, 1979 lists suppliers of
vermiculite?
Filter, - Media, Ind.

Grace, W.R. & Co.
Southwest Vermiculite Co., Inc.
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Toxicity '

‘Hunter and Thomson, 1973 administered 25 mg ig 0.2 ml
physiological saline of vermiculite or asbestos via intraplwal
injections to female CFY rats (50 rats/sibstance). Rats were
maintained for 104 weeks or until death or culling for humane
reasons. Vermiculite was purch#sed from the Palabora Mining
Company Limited, South Africa. It cannot be determined from this
study if there was any contamination of asbestos in the
vermiéulite. )

The following table gives the pertentage particle size of

Asbestos and Vermiculite

Hunter and Thompson,_-lS?S5
Srze varge (47

_Material «2 @5 =10 =15 [6 =20 250
{Rh=drsian . S i
chyrosie & 71:53 17:56 ! __&n20 \ ¥ | 327
lasbestes | : ;
’ b ) | . !
| | 79.7 /S 2 o J g3
b - P :
| Vermeule & 37.23  s55.94|__ 3. ‘/a__‘.._ S.26 1 0.87 1 o.4

3: EZshimarons  naczs o microceop’f

b. Frard uicc Cunon Ip-crratorz'e  2orive @Carcer) deta sheot _idlytie)

Rats injected with vermiculite had a survival rate
eéuivalent to or slightly superior to ﬁhat of saline controls,
whereas.a higher mortality rate of chrysotile asbestos treated
rats was a direct result of treatment.

A high incidence of mammary and pituitary gland tumors was
observed in vermiculite of saline treated rats. This patho%ogy

also occurred in rats treated with asbestos but debility caused
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by mesotheliomata tended to reduce the number of rats at risk of
QQ\_relgpiﬁg mamma‘r:y or pituitary gland tumors. -
among rats killed at week 104, macroscopically visible lung
masses were confined to chrysotile asbestos treated rats. iumrs )
classified as mesothelicmata were o'bserved in asbestos treated
rats (21 out of 40 degcedg'nts and 2’ out of 8 killed at week
104) Des;cendﬁnts treated with chrysotile gé:estos showed
macroscopic evidence of severe pulmonary damage including abcess
fomation, extensive fibrous adhesions between the visceral and
parietal pieura in 31 out of 40 rats and susﬁ:ected lung tumors in
21 out of 40 rats. E"ibrous pleural adhesions were also noted in
15 out of 25 de;cendgnﬁs in the group treated with vermiculite,
but adhesions were not seen in the control rats.

The authors note that although vermiculite shares many of
its chemical components with various types of asbestos, the
particles were a.morph;:us unlike the fibrcus patticleg of
asbestos.

No other toxicity studies c'oncerning.ve;miculite could be
found in the available literature.

It should be noted that some researchers believe t:hat- for
fibrous materials, fiber size rather than chemical composition
determines the biological effect.5/7- |

0.M. Scott and Soﬁs 'Company report 4 workers at their
Marysville, Ohio fertilizer plant who work with vérmiculite
experienced bloody pleural effusions. For 20 years O.M. Scott &
Sons has relied on vermiculite as an inert carrier on whic‘-h

fertilizer and pesticide chemicals would be applied to form
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finished products. Raw vermiculite is mined and classified in
idbby, Montana and South Africia and shipped to the Harysvilie
.plant: In the Trionized where there are approximately SO
.-workers, the vermiculite is exfoliated.

Comﬁ&ny Saﬁples of the vermicul'ite have shown the presence
of asbe#tos in Libby, Montana Qermiculite but not in the South
African ore., The samples have also generally shown that a§:estqs
(in the form of tremolite) is present in the'crude ore but not in
the expanded vermiculite. It has recently been reported that
asbestos levels are in accordance with OSHA standards. However
earlier saméles takén by the campany reported high levels of
asbestos (up to 245 fibers/cc) during railroad car unloading. It
is not known whether all the fibers were asbestos since further
mi¢résc6py has identified other fibers and cleavage fragments.8

.Listed below are analysis of chest x-rays and pulmonary
function data for workers at O.M. Scott and Co. at the
Marysville, Ohio plant. Tables and discussion wefie provided by
physicians contracted by OSHA. This information was compiled
January, 1979. '

In a personal canmunication with OSHA representative, Dr.
Victor Alexander, it.has been learned that an additional 3
workers have experienced bloody pleural effusions. OSHA has also
contracted for another éore extensive study to examine workgrs in
‘the Scott plant. The study with a preliminary final report.is

expected to be completed by January, 1980.
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Scott Chemigal Company

(Tablé 1) The overall prevalence of pleural and/or intersﬁitial
abnormalities, .among workers whose chest x-rays wefe reviewed,
was approxiﬁatelg twice as great in the trionized process
campared to both maintenance and packaging workers, without
taking i;to consideration age or length of employment

{seniority).

(Table 3) Ovérall, the proportion of pleural and/or interstitial
abnormalities incréaséd with length Jf employment- for all "
departments. On a departmental basis, the increase in proportion
of abnormalities was noted in the trionized process.and--‘
mainteance departmenfits, but peaked in the 10-19 year sgniofity

group in the packaging department.

(Tables 4 and 5) The proportion of ébnormal chest x-rays

increased with age.

(Table 6) The proportion of obstructive changes on pft increased
with age for workers in the packaging and maintenance
departments. Evidence of restrictive changes in the absence of
obstructive changes increased with age only among workers in the

trionized process. Smoking histories were not available.:



Iv. BACKGROUND

Exposure to asbestos-contaminated vermiculite in the
workplace and during mining operations.

In December 1978, O.M. Scott and Sons submitted information
to EPA regarding serious health problems experienced by workers
who were processing asbestos-contaminated vermisulite in their
chemical fertilizer plant in Marysville, Ohio.*“, The original
submission indicated that bloody pleural effusions had been
detected in 4 of 350 employees; symptoms and clinical findings in
the employees were similar to those found in individuals with
asbestos-related giseases. Subsequent follow-up studies
initiated by OSHA revealed that the prevelance of health
problems among employees at O.M. Scott and Sons was greater than
originally expected. Thirty-two cases of pleural and/or
interstitial abnormalities were detected by chest x-rays and/or
spirometric measurements (x-rays were taken for 125 of 221

workers).

The cause of the disease was most probably due to inhaled
asbestos dust. Monitoring data revealed that prior to the
installation of more stringent safety controls in 1976, plant
employees were occasionally acutely exposed to airborne
asbestos. One air sampls taken in the unloading area was found
to contain 245 fibers/cm”. Subsequent microscopic studies have
identified other types of fibers and cleavage products in
addition to asbestos. Similar high fiber levels have been
reported elsewhere. A plant in St. Paul, Minnesota which also
processes vermiculite containing iibestos was found to have peak
levels as high as 163 fibers/cm”, '

Although adverse health effects developed by workers at 0O.M.
Scott & Sons appear to be caused by asbestos exposure, other
factors cannot be discounted. Since little data exists for
health effects from pure vermiculite (fibrous or nonfibrous), it
is possible that cleavage fragments or fibers of vermiculite
itself caused the effects. Free silica present in the dust is
another possible toxicant. Alternatively, fertilizer and ‘
pesticide chemicals, which are coated onto the vermiculite
surface in the production process, may have adhered onto the
fibers that were inhaled and could have contributed to the
adverse health effects. Further studies would have to
investigate these possibilities. At this time, the only known
toxic chemical to which the workers were exposed is asbestos.

The source of asbestos contamination may have resulted from
the use of vermiculite from Grace mines in Libby, Montana. Grace
acknowledged the pigsence of asbestos in the vermiculite from
that mine in 1971, In 1977, an EPA study reported the presence
of substantial amounts of asbestiform amphibole fibers }2 the
tailings (residues) from mining and milling operations. During
beneficiation, impurities in the raw vermiculite ore are
physically separated by a "wet" process in which adhering clay
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and other impurities are removed by washing. However, attempts
to remove all impurities have been unsuccessful and tremolite
asbestos remains as a contaminant in the vermiculite. The
current asbestos concentration igsore leaving the Libby mines has
reportedly been reduced to 0.58%.

In the past, mining employees had been exposed to asbestos-
containing fiber levels 19 excess of the current OSHA 8-hour TWA
standard of. 2 fibers/cm>" Current levels in the ambient ajr
surrounding the Libby mines range from 0.3 to 2.6 fibers/cm -7
EquipmentBOEgrators are exposed to levels of 0.6-1.8
fivers/cm”, and workers in loading areas 3:f7exposed to fiber

levels in the range from 0.2 to 5 fibers/gm . To date 1lung
scarring has been noted in some employees™ and there wefg two
reported cases of "dust related lung diseases" in 1979.*% NIOSH

is currently conducting Tgthorough study on adverse health
effects of Libby miners.

Release of Asbestos from Vermiculite Products or End Uses

In addition to workers, a substantial number of consumers
and product end-users are potentially exposed to asbestos from
asbestos-contaminated vermiculite. Although no data exists to
substantiate this premise, engineering calculations have shown
that levels of asbestos re%sase into the atmosphere during end
use may not be negligible.“”. Figure 1 diagrams the estimated
amounts of asbestos released during mining, production and use of
vermiculite. The greatest source of current asbestos release to
air is during the exfoliation process. At present exfoliation is
estimated to release 140 kkg/yr of asbestos, or 58 percent of the
total airborne releases. The second major source of airborne
asbestos is the mining and milling process, which is estimated to
release 102 kkg/yr, or 42 percent of the total. Vermiculite end
uses account for less than 1 percent' of total airborne
releases. Although the guantitites of asbhestos released during
end-use are small in comparison to the mine and workplace, the
aggregate risk to the consumer or product end user may be large
in view of the large number of people exposed. Moreover, users
may be particularly vulnerable and unprotected due to ignorance
of the potential hazard.
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V. REGULATORY STATUS

This section reviews the authorities and actions of Federal
agencies as they relate to control of health risks from exposure
to vermiculite. A number of federal agencies have issued
regulations to control exposure to asbestos. Two agencies have
issued regulations that control human exposure to asbestos-
contaminated vermiculite. This chapter gives a summary of these
regulations and gives information on the extent to which they may
control exposure to asbestos-contaminated vermiculite. It also
speculates on whether laws administered by the agencies might be
used to develop regulations to control asbestos-contaminated
vermiculite in the future. Where possible, the potential effect
of these regulations is estimated.

Consumer Product Safety Commission (CPSC)

. CPSC can regulate asbestos in conifmer products under two
acts. The Consumer Product Safety Act gives CPSC the general
responsibility to protect the public from unreasonable risks of
injury, illness, or death associg&ed with consumer products. The
Federal Hazardous Substances Act gives CPSC the mandate to
regulate hazards presented by the presence or use of toxic and
other hazardous substances in the household. CPSC has used the
Consumer Product Safety Act to ban two consumer products that
contain asbestos: artificial members and spackling compound.23
Neither product is associated with the vermiculite industry.

CPSC has announced that it is using its regulatory authority
to begin a comprehensive investigation of the use of asbestos in
other consumer products. As stated in an October 17, 1979
Advance Notice of Proposed Rulemaking (ANPRM), CPSC's general
approach will be to seek to eliminate "all non-essential uses of
asbestos in consumer products from which asbestos fibers are
released during reaaonably forseeable conditions of use,
including misuse."” The ANPRM solicited general information on
consumer products that contain asbestos, and stated that the
Commission intended to issue general and special orders in the
future to require some firms to submit information on specific
products. The ANPRM included a list of approximately 100 products
and classes of products that contain asbestos. One item that
appeared on the list was "potting materials (vermiculite)."” The
Commission later published a general order requiring firms to
submit information on 16 asbestos-containing products.
Vermiculite does not appear on Ehe list of products that are
subject to this general order. 2 The regulation of the use of
asbestos~-contaiminated vermiculite for potting materials appears
to be possible given the broad nature of CPSC mandate under the
Consumer Product Safety Act and the seriousness of the health
effects of asbestos. However, it appears that the Commission has
decided to seek information first, about products in which
asbestos is intentionally added rather than about vermiculite
products in which asbestos is present as a contaminant.
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The inadvertent presence of asbestos in materials (i.e.
contamination) appears to be broader in scope than the Commission
previously assumed. It is likely that the CPSC will address
asbestos contamination as a separate issue.

CPSC also has the authority under the Consumer Product
Safety AcEsto require firms to label a product to identify its
contents. However, it is not clear whether the Commission will
choose to use this authority. When CPSC regulated spackling
compounds and artificial ‘embers, the Commission stated that there
was no safe level of exposure to asbestos and that "only banning
these products can adequately protect the public fr89
unreasonable risks of injury associated with them.*" CPSC may
decide that it would be inconsistent to propose a labeling rule
after taking such a strong stand against asbestos with the ban

rule.

In short, CPSC appears to have the authority to ban or to
require labeling of asbestos-contaminated vermiculite and other
consumer products that contain asbestos. The question is whether
the Commission will choose to use this authority. It appears
samewhat doubtful that CPSC will regulate asbestos-containing
vermiculite, at least in the near future, but this possibility
does exist. Whether any action that CPSC takes would have a
widespread effect throughout the vermiculite industry depends on
the number of products that CPSC can regulate. Vermiculite
products can be thought of as belonging in one of three
categories: those that are exclusively consumer products, those
that are used for both consumer and industrial uses, and those
that are used only for industrial uses. We have little
information on how many products fall in each category. On the
basis of the information we do have about the end uses of
vermiculite, it appears likely that CPSC would not be able to
regulate the bulk of asbestos~-contaminated products; these would
have to be controlled by other agencies.

Department of Transportation (DOT)

Under the authrity of the Hazardous Materials
Transportation Act®®, DOT has issued a regulation to control the
transportation of asbestos. The regulation states that so-called
"commercial asbestos” must be contained in airtight packaging or
bags when it is shipped by freight containers, motor vehicles,
and other modes of transportation.

This regulation is not applicable to asbestos-contaminated
vermiculite. The reason is DOT's definition of commercial
asbestos: "any material or product containing asbea&os that has
commercial value because of its asbestos content." Clearly,
this requlation was meant to cover products to which asbestos is
added intentionally, rather than.those where it occurs as a
contaminant. According to a DOT spokesman, in order for the
regulation to be applicable to vermiculite, vermiculite would
have to be placed on DOT's list of hazardous materials in its own
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riéht, without considering the health effects of asbestos. 0

Because so little is known about the health effects of
vermiculite, the chances of this occuring are undoubtedly slim.

The amount of asbestos that is released into the environment

during transportation is ¥§TY small, about 1% of the air releases
and .03% of all releases. Any control of these emissions would

have to come from another Act (TSCA, for example, which offers
life cycle control). :

Food and Drug Administration (FDA)

FDA implements several laws that have been used to control
asbestos. However, because vermiculite is neither a food nor a
drug, these laws are not applicable to asbestos-contaminated

vermiculite.

Occupational Safety and Health Administration (OSHA)

OSHA has used the Occupational Safety and Health Act's32
broad mandate to provide a safe environment for workers by
issuing a regulation containing two major provisions controlling
asbestos exposure in the workplace. The first is an exposure
standard. The second is a labeling requlrement.

OSHA's current exposure standard, an 8-hour time-weighted
average of 2 fibers of asbestos per cubic centimeter (f£/cc) of
air or a peak concentration of 10 f/cc, applies o "employment
performed in a workplace" as stated in the Act. 3

OSHA's workplace standard for asbestos does not apply to
mines. Theoretically, the standard protects workers along the
remainder of the life cycle of vermiculite, i.e., at mills and
exfoliation plants, and where vermiculite is processed.
‘Realistically, however, it is difficult to imagine the standard
being enforced at many of these latter sites. For example, it i
doubtful that employers at greenhouses where vermiculite is usec
as a soil conditioner run their businesses with the asbestos
standard in mind. Few employers besides those involved in the
initial stages of vermiculite processing know that vermiculite
often contaminated with asbestos.

Preliminary information that we have received indicates th
the OSHA fiber limits can be exceeded at planta where vermiculi
is processed, particularly during exfoliation. 4 However, both
OSHA and EPA have stated publicly that no safe level of exposur
to asbestos has been determined. 1In fact, OSHA has stated tha
its cursgnt exposure standard in not sufficient to protect wor
health. It appears, then, that OSHA's authority may not off
workers suffxcxent protection in all circumstances, and that =
case could be made for using a different authority to reduce
workplace exposures to asbestos.

OSHA's second major provision in the regulation deals wi



labeling. The regulation requires that warning labels be affixed
to "all [asbestos-containingl] raw materials, mixtures, scrap,
containers, except that no label is required where asbestos
fibers have been modified by a bonding agent, coating, binder, or
other material so that during any reasonably forseeable use,
handling, storage, disposal, processing, or transportation, no
airborne concentrations of asbestos3gibers in excess of the [0OSHA
exposure limits] will be released." The stagdard also states
the warning message that the label must give.” - This labeling
provision appears to be applicable to asbestos-contaminated
vermiculite. However, we are aware of no manufacturers of
vermiculite who currently label their product to show that it
containg asbestos. There appear to be at least two reasons why.

First, the OSHA regulation does not require manufacturers to
label. It leaves to a manufacturer the decision of whether an
item will be labeled. As long as a manufacturer believes that
the use (handling, storage, etc.) of a product will not create
fiber levels above the OSHA standard, he or she is not compelled
to label it. Second, there is the possibility that some
manufacturers of asbestos-contaminated vermiculite are not
complying with the OSHA regulation by failing to label
vermiculite that they know creates exposures greater than the
OSHA limits.

- It seems, then, that although OSHA's labeling standard

applies to vermiculite plants, it is not strong enough to compel
owners and operators of these plants to label their product with
a warning about asbestos. '

OSHA proposed a general labeling rule on January 16, 1981.38
This rule would require labeling of various classifications of
hazardous materials. It would apply to "a consituent substance
in an amountsgf at least 0.1% (by weight) which is known to be a
carcinogen”. However, the propsed standard would exempt from
the labeling requirements those substances that are subject to an
other OSHA labeling standard. Therefore, asbestos would not be
subject to this proposed labeling requirements. Also, there is
some question as to whether OSHA's broad labeling rule will be
promulgated in its present form, or at all, because of a shift in
national priorities. :

Mine Safety and Health Administration (MSHA)

Under the Federal Metal and Nonmetallic Mine Safety act40,
MSHA has 2fsued a regulation to limit exposure of miners to
asbestos, The regulation sets limits for the allowable time-~
weighted average and peak concentrations of asbestos to which
miners can be exposed. These concentrations are identical to the
OSHA standard. MSHA's regulat&gn is applicable to asbestos-
contaminated vermiculite mines and affects directly the
approximately 260 miners in the vermiculite industry. Any future
. regulation (the most foreseeable one would be another revision of
the workplace standard to match a revised OSHA standard) would
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continue to be applicable to these miners. A regulation issued
by MSHA does not control exposures to workers or the general

public past the mining stage.

Federal Trade Commission (FTC)

At present, FTC has no.regulations that apply to asbestos.
However, the Commission is investigating the possibility of using
the Federal Trade Commission Act to require manufacturers to
label asbestos-contaminated vermiculite to alert purchasers to
the presence of asbestos. Section 5 of the Act enables FTC to
take action So prevent "unfair and deceptive trade acts or:
practices."4 FTC might argue that not alerting a consumer to
the presence of respirable asbestos in a product is unfair and
deceptive within the meaning of the Act. FTC's investigation is
still in the most germinal stages. An FTC spokesman has said
that the Commission will probably regulate asbes&gs-contaminated
vermiculite only if other agencies do not do so. If the
Commission issued a labeling requirement, it would only affect
manufactggers of vermiculite that is present as a consumer
product.

Environmental Protection Agency (EPA)

EPA currently has no regulations that apply to asbestos-
contaminated vermiculite. The Agency has issued a number of
regulations to control asbestos. Under the Toxic Substances
Control Act, EPA along with CPSC has issued an ANPRM that
announced that the Agency was seeking to control commercial and

industrial uses of asbestos.

The vast majority of the air emissions, liquid effluent, and
solid waste resulting from vermiculite processing is created
during mining, milling, and exfoliation. These three stages are
estimated to account for 99% of the air emissions, 99% of the
liquid waste,” and 99% of the solid waste of asbestos. GCA
estimates that the liquid effluent and the solid waste that are
. generated at vermiculige plants do not appear to result in

significant reléases, A far more serious problem is created by
air emissions.

To help control these air emissions under the Clean Air Act,
the Agency could simply add "vermiculite plants” to the list of
stationary sources already subject to the no visible emissions
raquirement of the National Emission Standards for Hazardous Air
Pollutants (NESHAPs) regulation. There are two points that
should be considered. First, the no visible emission
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requirements were promulgated after the Agency decided that a
more conventional technology-based standard would be
inappropriate for asbestos because 95 the problems associated
with measuring asbestos emissions.4 Second, Dr. William
.Nicholson of Mt. Sinai Hospital in New York has stated that this
no visible emission standard allows fiber levels well in §gcess
of the OSHA standard to be released into the environment. It
may be advisable to congsider more stringent controls than those
possible with the current NESHAPs regulation.

State Regulation

The Occupational Safety and Health Act allows States to

. submit plans for developing safety and health standards to
OSHA. If these plans are approved, States are authorized to
issue and enforce the standards4 which must be at least as
stringent as federal standards. 9 A number of States have used
these provisions of the Act to develop standards for workplace
exposure to asbestos. These are often identical to the federal

standard of 2 f/cc 8-hour TWA, 10 f/cc peak.

To our knowledge, only one State, Minnesota, has used its
authority to enforce a workplace standard for asbestos at a
vermiculite plant. In November 1980, an inspector from
Minnesota's Department of Labor and Industry responded to a
complaint filed by an employee at the MacArthur Company in St.
Paul. The inspector took a number of air samples as a boxcar of
vermiculite was being unloaded and concluded that fiber levels in
the plant exceedegoboth the ceiling and 8-hour TWA concentrations
allowable by law. pPresumably, the State is taking action to
rectify conditions at this plant.

Because of this case, other States and OSHA might be
pursuaded to inspect vermiculite plants for violations of the
asbestos standard. EPA might consider recommending (perhaps
through OSHA) that State occupational safety and health
departments add vermiculite plants to their lists of asbestos
facilities that they already inspect.

Summagz’

Table 1 is a summary of the extent to which existing and
potential regulations offer control of asbestos-contaminated
vermiculite. The regulations that exist have not been successful
in minimizing exposure of workers and the general public to
asbestos-contaminated vermiculite.
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VI. Regulatory Options Analysis

A preliminary evaluation of the costs and effectiveness of
varioga control options was conducted by GCA under contract to-
OPTS. Most of the options chosen could be implemented under
the TSCA. In some cases other authorities may be more
appropriate to implement an option.

A series of engineering assumptions was made in this
preliminary study because there was insufficient data available
to complete the work otherwise. The goal was to develop
preliminary information to determine whether rulemaking
proceedings should be initiated as opposed to detailed
information to support proposed and final rules. The analysis in
this study should be regarded as tentative and subject to
revision when more definitive data becomes available.

The regulatory control options evaluated by GCA are
described below:

Option 1 - Restrict the Level of Asbestos in Crude Vermiculite

This option wouid place a limit on the level of asbestos
allowed in crude vermiculite produced or consumed in the United
States. Currently, the average asbestos concentration of crude
vermiculite produced by Grace, the largest domestic supplier, is
reported to be .0,5 percent by weight. Two alternative
beneficiating processes which are estimated to lower the
concentration to asbestos levels of 0.1 and 0.25 percent are
considered. .\

The 0.1 percent asbestos level is to be achieved by
dissolving the tremolite out of the vermiculite by acid leaching
at elevated temperatures and pressures. Although this process
has not been used with vermiculite, the successful separation of
tremolite from talc caused GCA tgohypothesize that it could be
used to beneficiate vermiculite,

The 0.25 percent level is believed to be attainable by using
a process patented by the Zonelite Corporation for beneficiating
vermiculite. In this process a concentrated salt solution is
used to partially exfoliate vermiculite and lower its density so
that the heavier gangue minerals can be separated
gravimetrically.

Option 2 - Restrict the Level of Asbestos in Exfoliated
Vermiculite

This option will place a limit on the level of asbestos
allowable in exfoliated vermiculite. It is assumed that asbestos
content is directly proportional to the surface area per unit
volume of each grade because asbestos-rich dust will be retained
at the surface of exfoliated vermiculite. The level of asbestos
in vermiculite will thus be greater for the finer product
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grades. The analysis presumes that industry would respond to
0.25 percent limit in exfoliated vermiculite by curtailing the
production of grade 5(2a). If a 0.13 percent limit on asbestos
concentration was imposed it is presumed that industry wggl
terminate production of grades 4 and 5(2b). GCA assumes that
the finely divided dust associated with vermiculite was richer in
asbestos than the coarser material and that efficient screening
of the exfoliated vermiculite would reduce the asbestos content

of the vermiculite to 0.08 percent (2c).

Option 3 - Restrict the Release of Asbestos to the Workplace
During vermiculite Processing

A lower limit on the asbestos concentration in the workplace
would be required by this option. The current level of control
is 2.0 fibers per cubic centimeter (£f/cc) of air averaged over an
8 hour-day with peak concentrations limited to 10 f/cc. This
option would reduce the level of control to 0.5 f£f/cc. averaged

over an 8 hour-day.

Option 4 - Restrict the Manner in Which Asbestos-Contaminated
Wastes are Disposed

This regulatory control would require that all asbestos-
contaminated wastes generated during mining, milling and
exfoliation be disposed of in such a way as to reduce asbestos
releases to the environment and minimize human exposure. Solid
and ligquid wastes generated during mining, beneficiation, and
exfoliation of vermiculite contain concentrated asbestos fiber.
Dust collected by air pollution control devices and solid waste
material generated during crushing, screening and destoning steps
would be properly handled and disposed of to minimize
environmental release. Liquid wastes containing asbestos would
be discharged to tailings ponds. When full they would be covered
with soil and seeded over.

Option 5 - Ban the Use of Asbestos-Contaminated Vermiculite -

This option has been defined in a manner as to ban all
vermiculite. There is evidence that one or more of the asbestos
minerals may be present in all deposits of vermiculite.

Option 6 - Ban the Use of Vermiculite for Specific Uses

A ban on selected uses of vermiculite would be implemented
by this option. For example, the use of vermiculite for attic
insulation may be of particular concern because the material is
applied by people in confined areas. Also, the risks to human
health associated with the use of raw vermiculite should be
investigated thoroughly because it contains higher levels of
asbestos.

/
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Option 7 - Require Firms Mining or Exfoliating Vermiculite to
Report -

This option requires record keeping and reporting to EPA. It
provides a means of tracing the flow of asbestos-containing
vermiculite throughout its lifecycle, from production to end-use,
inclulding its intermediate transfers. This option will not
result in any direct release reduction. It allows the government
to gather information from the industry on a regular basis.

Also, it may result in a risk reduction by making firms aware of
the potential hazards.

Option 8 - Require all Substances Containing Vermiculite to be
Labelled with Information on Asbestos Contamination

This option requires a warning label on all packages
containing asbestos-contaminated vermiculite. It will serve to
inform users of the possible asbestos hazards associated with its

use.

Conclusions from Regulatory Options Analysis

Eight options for reducing the release of asbestos from
contaminated vermiculite have been evaluated. Table 2 summarizes
their effectiveness in reducing the release of asbestos and the
costs associated with their implementation. Figures 2 through 6
illustrates the impacts of Options 1 and 2 in more detail.

Specific conclusions are as follows:

¢ The quantity of asbestos in raw vermiculite may be
reduced by 44 to 56% of present levels through more
effective processing at the mine (Option 1). The costs
increase by a factor of seven in improving the
efficiency of asbestos removal from 44% ($8/kkg) to 563%
($53/kkg) at Grace's Libby mine. (For comparison, GCA
est}mates a cost of $1.37/kkg to ship vermiculite 100
km L] ) ’

¢ Implementing Option 1 would cause a significant
reduction in airborne asbestos release during
exfoliation, and would cause a somewhat smaller decrease
in releases from the end-uses.

° Restricting the level of asbestos in exfoliated
vermiculite (Option 2) primarily affects releases from
vermiculite end-uses. Although the effect of the option
on total release is small, the reduction of airborne
asbestos releases from the uses of vermiculite range
from 108 to 75% depending upon the level of controls
that are imposed.
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VIII. ALTERNATIVE CONTROL STRATEGIES

Section V of this document contains a discussion of the non-
TSCA options that could be used to control asbestos-contaminated
vermiculite. It notes that several federal agencies have the
authority to control exposure to asbestos-contaminated
vermiculite, but that this control is piecemeal and does not
extend throughout the life cycle. Furthermore, it appears that
none of the agencies will take further action to regulate
exposures in the near future.

Section VI contains a discussion of the major ways that EPA
could control asbestos-contaminated vermiculite under TSCA.
TSCA appears to offer much more definitive control of the problem
and could be used to reduce exposures throughout the life cycle.

In Section VII, the major technical problems associated with
control of asbestos-contaminated vermiculite are discussed so
that they can be considered in the decision regarding control
strategy for this chemical.

In this Section the results of Sections Vv, VI and VII will
be used to present alternative strategies for controlling
asbestos-contaminated vermiculite. These have emerged from an
examination of EPA's authority under TSCA and other acts, the
acts administered by other agencies, and a number of non-
regulatory options. At the present stage of knowledge there
appears to be five major alternatives for EPA in designing such a
strategy.

They are:

ALTERNATIVE 1 Take no action at this time:

ALTERNATIVE 2 Gather information;

ALTERNATIVE 3 Pursue voluntary controls with the
vermiculite industry:

ALTERNATIVE 4 Pursue a rule under TSCA requiring
labeling of asbestos-contaminated
vermiculite; -

ALTERNATIVE 5 Take action under section & of TSCA to

control asbestos-contaminated vermiculite.

The advantages and disadvantages of each alternative are
discussed below. These alternatives are not mutually exclusive.
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ALTERNATIVE 1l: Take no action at this time

PRO °*

con °

EPA resources may be freed to control other chemicals.

A rule to control asbestos-contaminated vermiculite may
complicate EPA's rulemaking to control industrial and
commercial uses of asbestos.

The technical problems associated with measuring low
levels of asbestos in vermiculite &nd resulting exposure
levels will make development of a rule difficult.

A rule may have particularly adverse effects on the
national economy because domestic supplies of
vermiculite may contain higher levels of asbestos than
foreign sources.

People may continue to develop adverse health effects
from exposure to asbestos-contaminated vermiculite if we
take no action.

If EPA does not take action under TSCA, it is unlikely
that any other agency will take new action to control
this problem, at least in the near future.*

Industry's current controls, which limit contamination
to an average of about 0.2% asbestos by weight, may not
offer adegquate protection because large numbers of
microscopic asbestos fibers may be released at that
level.

Estimated Resource Requirements:

‘ No additional resources would be expended by this
alternative.

* For a more complete discussion, see Section 4.
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PRO

CON

ALTERNATIVE 2: -Gather Information

We do not have sufficient information to determine the

‘extent of the risk to human health from asbestos-

contaminated vermiculite.

We do not have definitive information on the rate of
asbestos release from exfoliated vermiculite and the ]
human exposure resulting from the use of vermiculite
products.

We do not know the éfficiency of technological controls
.to remove asbestos from vermiculite.

We need additional information to determine whether
control actions on this chemical will have adverse
effects on the national economy.

A regulatory investigation may be the most effective
means for us to gather enough information on health risk
and economic consequences to determine whether a
regulation is warranted.

Although we lack definitive information, we have enough
information to initiate some type of rulemaking.

OPTS's limited resources might be better spent to
control other chemicals.

Estimated Resource Requirements:

It is estimated that 60 person months and $900,000 will be
required to complete the work outlined in Section XI.



PRO

CON

ALTERNATIVE 3: Pursue voluntary controls with the

vermiculite industry.

If the industry agreed to make the changes we thought
necessary voluntarily, it could obviate the need for a
rule and save us a great deal of time and resources.

Meeting with the industry would be relatively easy
because it is small.

The risk to human health may still be unacceptable after
the voluntary controls have been established.

Asbestos appears in veins at random so that the level of
asbestos contamination depends upon selective mining as
well as technological contols. Adeguate protection of
the public may require regulatory monitoring and record
keeping to ensure compliance.

Grace has known about the contamination of its
vermiculite for a number of years but may not have taken
measures to control the problem adequately.

Estimated Resources Requirements:

The alternative of encouraging the use of voluntary controls

by industry would have minimum resource requirements associated

with it.

The action would involve gathering and analyzing

information from industry, and working with them to obtain the
most stringent controls possible. Resource requirements are
estimated to be 4 person months with no extramural support.



PRO

CON

ALTERNATIVE 4: Pursue a rule under TSCA requiring

labeling of asbestos-contaminated
vermiculite.

A labeling rule could be promulgated expeditiously
because of existing information on health effects
resulting from exposure to asbestos.

A labeiing rule could probably be promulgated more
rapidly than a more extensive rule.

Although other agencies can require labeling (FTC, CPSC,

'OSHA), a labeling rule under TSCA may be more

comprehensive.

People are generally uninformed of the hazards of
asbestos-contaminated vermiculite.

A labeling rule may jeopardiié a larger control rule.
("Why control the problem further if labeled?")

It may become necessary to solve the difficult technical
problem of detecting low levels of asbestos in
vermiculite before a labeling rule can be promulgated.
("How much asbestos does there have to be in vermiculite
before it must be labeled?")

Labeling is already required by OSHA and is under
consideration by other agencies. The use of TSCA is
unnecessary.

Estimated Resource.Requirements:

The resource requireﬁents to promulgate a rule to label the

asbestos in vermiculite are estimated to be 6 person years and
$200,000 in extramural contractual support. Only a portion of
the work described in Section XI is required to support a
labeling rule.
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ALTERNATIVE 5: Take action under section 6 of TSCA to
control asbestos contaminated vermiculite.

PRO ° TSCA offers the most comprehensive control of the
asbestos-contaminated vermiculite problem.

¢ The long latency period associated with asbestos-related
disease means that the full magnitude of the asbestos-
contaminated vermiculite problem may not be determined
in the near future. If we postpone action more people
will be placed at risk. »

* Once we solve the technical problems in controlling
asbestos-contaminated vermiculite under TSCA, other
asbestos-contaminated minerals may be easier to control.

¢ There are adequate substitutes for most uses of
vermiculite.

¢ We have a great deal of information on the health
effects of asbestos. 1If we can get reliable data on
asbestos released from vermiculite, rulemaking will be
greatly facilitated.

coN °* Industry should be given an opportunity to cooperate
voluntarily before imposing regulatory controls that are

costly to promulgate.

* Information should be gathered to determine the scope of
the problem and the implications of rulemaking before

initiating action.

° To develop a regulation for asbestos-contaminated
vermiculite, staff resources may be diverted from other,
more pressing problems.

¢ Controlling asbestos-contaminated vermiculite may help
South African producers at the expense of domestic
producers.

* With the current regulatory climate, it may be difficult

to justify regulating vermiculite, a substance that many
people do not consider a toxic chemical.

Estimated Resource Requirements:

The resources estimated to promulgate a rule to control
asbestos-contaminated vermiculite under TSCA are 15 person years
and $900,000 in extramural contractual support.
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IX Recommendations:

We recommend that the following action be taken:

REJECT ALTERNATIVE 1 (No action)
IT EPA doesn't control asbestos-~contaminated vermiculite, no

other agency will.

ACCEPT ALTERNATIVE 2 (Gather information)
More information should be gathered, but currently available
information indicates that the problem is sufficient to
warrant furthur action.

ACCEPT ALTERNATIVE 3 (Voluntary controls)
We should do everything possible to encourage conditions to
reduce the risk to human health as we gather information to
determine whether regulatory controls are required.

ACCEPT ALTERNATIVE 4 (Labeling rule)
A labeling rule is expeditious, cost-effective, and

defensible.

POSTPONE ALTERNATIVE 5 (Regulatory control under TSCA)
We should gather information and evaluate the results of
voluntary action before we commit to the development of more

stringent regulatory controls.

A prudent strategy would combine Alternatives 2, 3 and 4.
Alternative 5 should be postponed until additional information is
gathered and the results of planned action are evaluated.

Information collected thus far indicates that asbestos-
contaminated vermiculite poses a sufficient health problem as to
warrant a near term regulatory proceeding to consider requiring
hazard warning labels on vermiculite and vermiculite products
that contain asbestos. People that use asbestos-contaminated
vermiculite, or products that it contains, should be informed of
the presence of asbestos so that they can protect themselves.
Work has already begun to gather more definitive information in
order to determine the need for imposing control of the release
of asbestos from vermiculite by section 6 of TSCA. This work
should continue and is outlined in Chapter XI. We should also
encourage the vermiculite industry to minimize the release of
asbestos fiber from vermiculite and we should monitor any change
in release rate that may take place. OPTS should meet with other
Federal agencies that can .control asbestos-contaminated
vermiculite (FTC, CPSC, OSHA, MSHA), particularly in order to
coordinate any rule to require labeling. We should also exchange
information and make sure that there is no duplication in planned
activities. Although a labeling rule appears to be the most
logical starting point for regulatory action, such a regulation
should not preclude the possibility of more comprehensive action
at a later date.

96



X. CONCLUSIONS

The following conclusions are made from information that is
available at this time.

*” The major domestic supply of vermiculite (at Libby,
Montana) is contaminated with asbestos. Asbestos released
from this material is the probable cause of adverse health
effects developed by workers at a fertilizer plant where the
material was used, and at the mine where the vermiculite is

produced.

* Based upon present demand no domestic source of
vermiculite could compensate for the guantity presently
extracted from the Libby Montana mine.

* Control of asbestos contamination in vermiculite or
asbestos exposure levels is complicated because most
domestic sources of vermiculite may contain asbestos.

®* Most of the asbestos contained in vermiculite is released
during mining and exfoliation although the population
exposed to the sources is relatively low. Much larger
numbers of people are exposed to the lower levels of
asbestos released from the use of exfoliated vermiculite.

* The asbestos content of vermiculite can be reduced by
either technological controls or choice of supply.

®* There are technical problems in accurately measuring
trace quantities of asbestos in vermiculite.

* There are technically suitable and cost competitive
substitutes for many of the uses of vermiculite.

®* More information should be gathered, but available
information indicates that the problem of asbestos-
contaminated vermiculite warrants further action.

®* Activities that are planned on asbestos-contaminated
vermiculite should be coordinated with other Federal
agencies. :
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XI. SUGGESTED FUTURE PLANS

A plan for a regulatory investigation of asbestos-
contaminated vermiculite has been developed. This plan is based
upon current information and is subject to revision when
additional information becomes available.

The objective of the plan is to gather relevant information
to determine whether asbestos-contaminated vermiculite poses an
unreasonable risk. This determination is based upon balancing
the risk to human health resulting from the release of asbestos
against the cost to society for regulatory controls.

The major activities planned and the information to be
obtained are described below.

* Information on asbestos-contaminated vermiculite will be
gathered from sources within the government and any regulatory
investigation planned will be coordinated with other appropriate
government agencies. '

¢ The mineralogy of major domestic and foreign vermiculite
ore bodies and the raw vermiculite produced from these mines will
be determined. Sufficient samples will be taken to characterize
(1) the ore body, (2) each grade of raw vermiculite produced and
(3) each grade of exfoliated vermiculite produced. Samples will
be analyzed to determine the percentage and type of asbestos
fiber, the nature of other fibrous materials present, and the
existence of free silica. The fiber size distribution (strand
diameter and length) will be determined for the fibrous materials

present.

¢ Data on adverse health effects associated with asbestos-
contaminated vermiculite will be studied to determine whether
asbestos—-exposure is the sole cause. The objective will be to
determine whether other factors such as the presence of chemical
agents or free silica in vermiculite may have contributed to the
reported adverse health effects.

* The degree of human exposure to asbestos that results
currently from the mining, processing, transport, use, and
disposal of vermiculite will be determined. The relationship
between the asbestos content of vermiculite and the release of
.asbestos into the air will be established. A model to predict
the degree of human exposure to asbestos that would result at low
levels of asbestos-contamination will be developed. This model
may be used to estimate the risk of human health associated with
restricting the asbestos-contamination of vermiculite to some
reduced level.

° Diseases that may result from human exposure to
‘asbestos-contaminated vermiculite will be identified together
with the factors that modify the degree of risk posed by such
exposure. Methods for predicting the risks resulting from

39



exposure levels lower than those for which there are direct data
will be developed. This information will be used, along with
information on exposure, to estimate the risk to human health
from asbestos-contaminated vermiculite. '

* The risk to the population exposed to asbestos during
the manufacture, processing, transport, use, and/or disposal of
vermiculite will be estimated. This information will be used to
determine what regulatory controls may be needed for asbestos-
contaminated vermiculite.

¢ Methodology to monitor trace quantities of asbestos in
vermiculite will be investigated and developed. The objective
would be to establish sampling and measuring procedures that
could be used to control extremely low levels of asbestos in
commercial vermiculite. The investigation will: (1) establish
recommendations for sampling the sources of vermiculite supply to
ensure that the results are statistically wvalid, (2) identify or
foster the development of test procedures for accurately
measuring extremely low levels of asbestos in vermiculite, (3)
determine the accuracy and reproductability of test procedures
for measuring extremely low levels of asbestos in vermiculite,
and (4) identify laboratories capable of adequately performing
the measurements.

¢ Information on beneficiation technology to determine the
lowest level of residual asbestos in vermiculite attainable by
employing technological controls will be determined. Information
on processes to separate asbestos from vermiculite has been
requested from Grace, a known supplier of asbestos-contaminated
vermiculite. If this information is not provided, the use of
Section 8(a) of TSCA or subpoena will be investigated.
Independent studies to determine the efficiency of separating
asbestos from vermiculite will be instituted.

* Engineering controls under consideration for reducing
the release of asbestos will be investigated and evaluated. The
costs and the effectiveness of their use will be determined. The
lowest level of asbestos~contamination attainable with
technological controls will be established for each grade of
vermiculite and costs associated with those controls will be
determined. The cost and problems associated with measuring low
levels of asbestos~-contamination will be considered.

* The economic consequences of regulatory control of
asbestos-contaminated vermiculite will be estimated. The impact
of regulation on the vermiculite industry will be determined.

The costs of various engineering controls will be established.
The benefits derived from vermiculite and the availability of
substitutes will be considered as far as possible. The effect on
the national economy and small businesses will be estimated.

. R



An investigation will be performed to determine whether
pure vermiculite can cause adverses health effects. This is a
long range study that will depend primarily on the results from
animal implantation studies.
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