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Are health effects from exposures to
microscopic durable fibers an old issue ?

* An extensive history of research, discussion
and debate which focused on occupational
exposures to afew types of asbhestos fibers
has not |ead to an understanding of all risks.

e “Asbestos’ is more of aslowly expanding
pollutant problem than are-emerging one.

* A hallmark complication for risk assessment
Isthe very long lag time between exposure
and effects.



ODbjectives for this presentation*:

 Provide overview of ashestos health risks.

e Glve examples of EPA’ s experience with
“asbestos-like’ fibers.

e Describe why we need and how we can develop
arelative potency model for assessing risks
from complex mixtures of mineral fibers and
new synthetic fibers.

« Comment on similarity of some synthetic
nanofibers to aspestos.

*The content of this presentation represents the experience and
opinions of the author and not U.S. EPA procedures or policies.



Chrysotile asbestos Amphibole crystalsin
cross-fiber vein

taconite (iron ore) -
ferroactinolite
replacing hornblende




Asbestos fibers - TEM
(high magnification)

bundles and fibrils of chrysotile asbestos fibers  rodlike bundle of crocidolite asbestos fibers




It's not safe to go in

Ifwe go outtoday, there after them!

one of us will
probably be eaten!




Tempusfugit
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Transmission Electron
Microscope (TEM)

Early microscope



Tremoliteacicular “Cleavage Fragments’ ?
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Amphibole asbestos fibers
have complex crystalline
structures that may regulate
size and shape changesin
response to physical,
chemical and biological
PrOCESSES.

Cleavage of asbestiform
fibers can occur and the
resulting fibers (cleavage
fragments?) are unlikely to
be less toxic than the
original fibers.




Diseases Associated with Inhaled A sbestos

Amosite asbestos fibers
seen under electron
microscope appear as
tiny, fine, straight
images.




Phagocytosis of asbestos fibers

pulmonary alveolar
macrophage cell
attempting to engulf
and ingest several
long crocidolite
asbestos fibers

incomplete ingestion
of asbestos fibers
can lead to extensive
‘selective release’ of
proteolytic enzymes
and ROS from the
‘frustrated’ PAMs




Ferrugenous bodies in lung




Mortality Rates (ATSDR, NIOSH)

Fioure 1-5. Ashestosis: Ace-adusted mortality rates hy county,

115, residents age 15 and over, 1983-1992
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_oci of Cancers Assoclated with
Asbestos Fiber Exposures

e Lung (smoking Is a strong co-factor)
e Pleura- Mesothelioma

* Peritoneum - Mesothelioma

o Gastrointestinal tract

« Kidney

Times from low dose exposures to observations of
disease are long: 30 - 40+ years lag time



Conceptual Model

for development of methods for prospective
assessment of health risks associated with
exposures to mineral gbers
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Libby MT - old
mine, new Concerns .
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Zonolite Mine - Libby, MT

Vermiculite mine started 1920’s
About 6 miles from town

Produced up to 80% of worlds vermiculite
— Reportedly processed over 300,000 |bs/day
— 5000 |bs/day of asbestos into the Libby Airshed

WR Grace bought in 1963 & closed in 1990.

=Products: construction aggregate, fireproof coatings,
Insulation, soil additive, fertilizer




Plants that processed ashestos-tainted ore

Millions af tons of the same asbestos-taimtad vermicolite pre that sickened and killed hondreds in Libky, Mont,, was shipped fo
lants in cilies across the United Slates and Canada. The mine opsrated Inom 1924 to 1840, Some of the plants wers ownad ar

ﬁu:eme-d by the mine's owners, the Zonolite Co., and afer 1963, the W.R. Grace Co, Other plants were operated by flnme that
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Transport of finetailings particles
caused turbidity in western Lake Superior



TEM view of particlesin Duluth MN drinking water - 1973



Cook and Olson, Science, 1979
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Background

e Concerns for risks assocliated with non-occupational
exposures to mineral fibers (e.g. Reserve Mining Case),
and interest in effects of synthetic fibers led to EPA
research on effects associated with awide variety of
durable fibers during the period of 1978-1985.

o Determination of carcinogenic potencies relative to
known asbestos materials was a major objective.

e The EPA laboratory at Duluth provided electron
mi croscopic characterizations of samples used Iin
biological tests, quantitative measurements of fiber
doses in test animals, and determinations of dose-
response relationships.



Intratracheal and Intrapleural
Exposures of Fischer-344 Rats

* Primary objective was to determine relative
potencies of different fiber types for carcinogenesis

e Studies included two samples of amphibole from
taconite at Peter Mitchell Pit - ferroactinolite
(fibrous) and grunerite (non-fibrous)

» Detalls of bioassays and effects provided in Coffin
et al. Toxicology Letters, 1982

e Detalls of quantitative dose-response analysis
provided in Cook et al. Toxicology Letters, 1982



INTRATRACHEAL STUDIES

FIBER DOSE BY ASPECT
RATIO

30 60

PRIMARY TUMORS

FIBERS X 107 FIRBERS X 108 FIBERS X 107 %
PER RAT PER RAT PER RAT TUMORS
-+— LUNG
1.0 20 a0
LUNG
0.5 10 20
PLEURA
% PLEURA
0.0 0 g 0
A F i A F G G A F G
A>3 L>8 W<.25
A = AMOSITE (A > 32

F=FERROACTINOLITE

G = GRUNERITE

F/A ReP: 7.8
G/A ReP: <0.7

104

<200



FIBERS X 10°
PER RAT
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INTRAPLEURAL STUDIES

FIBER CHISE BY ASPECT
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Eurekal

ferroactinolite fibers
wer e dissolving and
splitting longitudinally
whileresiding in rat lung
tissues over time.
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{This three-dimensional model requires the filre sizes of a sample to wided inlo numerous calego
The size categories include three parameters: length. diameter and the lenpih/diameter ratio)

Carcinogenicity factor




RCF = fraction of maximum potency/fiber



Carcinogenicity Equivalence Dose (CED)

e A CED isthe number of most potent fiber

equivalentsin the lung or pleurathat resultsin a
defined % of tumors.

« CED =2%(RCF;;) (C,;), where C; = # fibers/organ,
RCF isthe relative carcinogenicity factor (0- 1),
and 1,] defines each of i1~ length/width categories.

 The smaller the sample’s CED, the greater the
predicted potency for individual fibers.

o |f amphiboles have equipotent fibers within
specified size and shape ranges and the associated
RCF values are reasonable, CEDs should be ssimilar.
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Rat Intratracheal Instillation
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Rat Intratracheal Instillation
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Rat Intratracheal Instillation
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Summary of fiber carcinogenicity equivalence
doses (CEDs) from relative carcinogenicity
factors (RCFs) based on Pott’ s hypothesis

Unitsfor CEDs are millions of most potent fibersin lung
per 5% tumors(IT) or in pleura per 30 % tumors (1P)

amosite crocidolite ferroactinolite ferroactinolite non-fibrous

—oneyear grunerite
Intratracheal 345 404 22 132 > ?
Intrapleural 1149 539 72 441 > ?

The greater the CED, the less potent the amphibole (if RCFs are accurate)

Proposal: greater RCFsfor short and thin fibersthan those
proposed by Pott should be investigated and considered.



Conclusions
Fiber splitting in vivo greatly enhanced the potency of
ferroactinolite in rat studies.
Short and thin amphibole fibers appear to affect
toxicity. If not, long ferroactinolite fibers would have

to be regarded as many times more potent than long
amosite or crocidolite fibers.

Because risk i1s afunction of cumulative fiber dose,
exposures should be measured on the basis of all fiber
sizes with consideration of relative carcinogenicity and
fibrogenicity of different size and shape categories.

Similarly, exposure predictions should be based on all
fiber sizes so that relative potencies can be included in
risk assessments.



Adjust Relative Carcinogenicty Factors
to Determine Optimum Values

 Pott assumed short fibers have very low
potencies and did not increase potency of
very thin fibers.

e Cook suggests modest increase of RCFs for
short, thin fibers.

o If al amphibole fibers have potencies
primarily determined by fiber size and
shape, carcinogenicity equivalence doses
snhould be ssimilar.



Million fibers/lungs

Carcinogenicity Equivalence Doses
with Alternative RCFs

600-
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= = |H Pott RCFs
§ B Cook RCFs
§ l

Amoste Crocidolite Ferroact Ferroact
1yr

* For Cook RCFs, Amosite and Crocidolite CEDs at 1 year er
Ferroactinolite CED at 1 year.



Mean Shapes and Sizes of Fiber Types

Amosite Grunerite Crocidolite Ferroactinolite
Exposure X x
628 f/ng 40 f/ng 3360 f/ng 54 f/Ing

Rat Lung
One Year

205 f/ng 31 f/ng 464 fIng 411 fing



Mean Shapes and Sizes of Fiber Types

Chrysotile Glass Erionite
Exposure \ X X
21000 f/ng 5660 f/ng 850 f/ng

Rat Lung
One Year

5490 f/ng 436 f/ng



Conclusions continued

 Need to determinefiber residencetimein lung for
optimal expression of potency in ratsand humansin
order to better define and extrapolate dose-response
relationships.

e Quantitative TEM analyses may be used to calibrate
PLM, XRD, and other analytical methods which can
not directly measure all fibersin exposur e assessments.



Risk Assessment Limitations Perpetuated by
Narrow Definitions of Hazardous Fibers

No methodology for assessing risks from
short fibers - need arelative potency model

Weak links to mec
Unable to provide

nanism of action data

orecise definition of

undesirable synthetic fibers so that safe

aternatives can be

developed

Human dose-response relationships are very

uncertain and may

be Inaccurate



Properties of microscopic fibersthat indicate
potential for causing asbestos-like pathologies

e Size and shape that allows respiration,
retention in lungs, and translocation to pleura

e Durable, persistent in tissues
* Reactive surfaces, ability to induce ROS
* High collective surface area
* Propensity to split into thin fibersin vivo
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Carbon Nanofibers
L =520 Am

W = 0.1-0.2 Am
$3,500/kg




Potential Applicationsaf Carbon Nancfibers

Additivesin ploymers
Cadyds
Electron fidd emittersfor
cathode ray lighting dements
flat pand display
gas-discharge tubes in telecom networks
El ectromagneti c-wave aosorption and shidding
Energy converson
Lithium-battery anodes
Hydrogen storage
Nanotube composites (by filling or coating);
Nanoprobes for
STM, ARM, and EFM tips
nanolithography
nanoel ectrodes
drug ddivery
SeNsors
Reinforcements in composites

Supercapacitor

Zeolite tubes



Carbon nanofibers are used to
produce zeolite nanotubes
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Carbon fibers
' Silicalite-1 layer

L5M-3 layer
ZSM-5/fiber  Silicalite-1/ZSM-5/fiber Hollow
Carbon fibers T
composites composites ZSM-5/silicalite-1

tubes
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Z8s of zegliteinanotubes can be

led to reducegisks Aif we know:

S WRAr S 7es are non-hazardaus
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Effective environmental protection
requires that each new generation
advances the knowledge passed on
by the previous generation
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