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For the past 13 years, Faye Rice,
M.PH., has been an
Epidemiologist with the National
Institute for Occupational Safety
and Health (NIOSH). She is
currently working in the Risk
Evaluation Branch of the
Education and Information
Division. Rice became involved
with the topic of crystalline silica
in 1992 when assigned to draft a
document on the topic. That
document, the NIOSH Hazard
Review: Health Effects of
Occupational Exposure to
Respirable Crystalline Silica, was
finished in April and is an
intense review of the literature on
the health concerns and facts
related to respirable crystalline
silica. To view the entire docu-
ment Online, visit the CDC
Web site
(http://www.cdc.gov/niosh/02-
129A.html].

Rice recently spoke with
HarrisMartin Publishing about
the Hazard Review and other
silica topics.

Why is chronic silicosis referred
to more often in the epidemiologic

literature than acute silicosis?
Chronic silicosis is the most studied type
of silicosis. Epidemiologic studies are gen-
erally on a population being followed over
an extended period of time and the out-
come would be chronic silicosis because it
takes a good number of years for that con-
dition to develop. Acute silicosis, on the
other hand, is thought to develop after
exposures to high concentrations of res-
pirable crystalline silica in a period ranging
from a few weeks to five years after the ini-
tial exposure. So you have a much tighter
timeframe for the development of acute sil-
icosis, compared to chronic silicosis that is
thought to be usually occurring after 10 or
more years of exposure at what may be
considered relatively low concentrations of
respirable silica.
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What is the relationship between
silica and some non-pulmonary
diseases mentioned in the

Hazard Review?

Respirable crystalline silica is thought to be
relatéd to various immune disorders such
as rheumatoid arthritis, certain types of
renal problems and scleroderma, which is a
connective tissue disease. It is not clear
exactly how these diseases develop from
exposure to respirable crystalline silica.
There is a question about the mechanism
for the development of these diseases.
There are a number of epidemiologic
studies that show statistically significant
numbers of deaths or cases from these
auto-immune related disorders and renal
problems and diseases after occupational
exposures to silica. In some cases the indi-
viduals have concurrent silicosis and other
times they do not.

Would it be accurate to say that
people who are occupationally
exposed to silica experience a
higher incidence of some of

these disorders?

Sometimes it had been noted in the litera-
ture that this occurs, and although there is
not yet an established pattern, we have
noted these higher numbers of deaths that
are statistically significant.

Are all forms of silica equally toxic?
Well, this is a little bit out of my area
because I'm not a toxicologist. There are
questions about the toxcity of one form of
crystalline silica compdred with other
forms. Crystalline silica has various forms
that are called polymorphs. Alpha quartz is
the most common form that occurs in
nature and in occupational settings. There
are questions about whether some of the
other forms are more or less toxic than
alpha quartz. This has been examined in
experimental studies but has not been well
defined in the human population. Often in
the work environment you have workers
that are exposed to more than one form of
silica at the same time depending on the
types of jobs they are doing.



‘What is the relationship between
cancer and silicosis? If a person has
silicosis, will that person necessari-

ly also develop cancer?

This is debated in the literature. The only
cancer that silica has been definitely associat-
ed with is occuparional lung cancer. Quite a
few epidemiologic studies of workers with
silicosis have shown increased rates of lung
cancer. However, there are also studies of
workers with increased rates of lung cancer
and no preexisting silicosis. In other words,
the two do not necessarily go hand in hand.
The question of whether you can have lung
cancer without silicosis in silica-exposed
populations is highly debatable right now
and the studies show it both ways.

It sounds like it is not yet clear if
the increased incidence of lung
cancer in silica-exposed popula-
tions has to do with the actual s -
ca exposure or with other things
that those people are doing or
coming into contact with.

In the Hazard Review, we said that lung can-

cer is associated with occupational exposures
to crystalline silica and that the available data

also support the conclusion that silicosis pro-
duces an increased risk for bronchial carcino-
ma, but the data are less clear as to whether
silica exposure is associated with lung cancer
in the absence of silicosis.

On page 1 of the Hazard Review,
there is a sentence about how the
reported mortality associated with
silicosis has :clined since 1968,
but the nun :r of deaths among
persons 15 to 44 did not substan-
tially decline. How do you explain
that finding?

There probably are a number of possibilities
as to why that might be. I looked at the orig-
inal articles from the CDC that stated that
“over exposures of sufficient magnitude to
cause premature death continue to occur in
the United States.”? One explanation of the
finding you mention might be that younger
individuals work in the more physically
demanding high-exposure/intense-exposure
types of jobs. Younger workers also might be
in the low-seniority jobs where there might
be higher, more intense exposures. These
younger workers may also represent transient
populations. Possibly they are doing contract
work and sometimes contractors and their

employees may not be as well trained or edu-
cated about safety precautions on the job.
These are all speculations for why we are see-
ing silicosis in younger workers.

Is the NIOSH recommended expo-
sure level (REL) sufficient to pro-
tect individuals from occupational

exposure to silica?
To answer this question I will take the exact
text from page 2 of the Hazard Review
Introduction, “current occupational standards
are not sufficiently protective to prevent the
occurrence of chronic silicosis.” That is based
on several epidemiologic studies on chronic
silicosis.*"' In the abstract, we also state:
“Recent epidemiologic studies demon-
strate that workers have a significant
risk of developing chronic silicosis
when they are exposed to respirable
crystalline silica over a working life-
time at the current Occupational
Safety and Health Administration
(OSHA) permissible exposure limit
(PEL), the Mine Safety and Health
Administration (MSHA) PEL, or the
National Institute for Occupational
Safety and Health (NIOSH) recom-
mended exposure limit (REL).”

It is also mentioned in the

Table A-1. U.S. guidelines and limits for occupational exposure to crystalline silica

Hazard Review that some
industries exceed the stan-

dards or the recommended

Reference Substance Guideline or limit (mg/m?)
NIOSH [1974] Crystalline silica:" quartz, cristobalite, and REL' = 0.05 (for up to a 10-hr workday
tridymite as respirable dust during a 40-hr workweek)
OSHA [29 CFR Respirable crystalline silica, quartz PEL =10 + % quartz + 2 (8-hr TWA)

1910.1000-Table Z-3]

MSHA [30 CFR 56, 57,
70,71]

ACGIH [2001]

Respirable crystalline silica, cristobalite

Respirable crystalline silica, tridymite

Respirable quartz in underground and surface
metal and nonmetal mines

Respirable crystalline silica present in
concentrations >5% in surface and
underground coal mines

Respirable crystalline silica, quartz
Respirable crystalline silica, cristobalite
Respirable crystalline silica, tridymite

the formula for quartz
the formula for quartz
PEL = 10 + % quartz + 2 (8-hr TWA)

RDS'= 10 + % quartz (8-hr TWA)

TLV =0.05 (8-hr TWA)
TLV =0.05 (8-hr TWA)
TLV =0.05 (8-hr TWA)

PEL = half of the value calculated from

PEL = half of the value calculated from

limits more than other
industries.

Yes, and there are probably some
industries that we haven't even
identified yet. One key reason that
some industries exceed the stan-
dards is that there isn’t enough
being done to control the dust
exposure. Its not being controlled.
Possibly another reason is that
interventions are needed to prevent
exposure in those industries.

Adapted from Hearl [1996].

~* Identified by NIOSH as a potential occupational carcinogen [54 Fed Reg. 2521 (1989)).
! Abbreviations: REL = recommended exposure limit; PEL = permissible exposure limit;
RDS = respirable dust standard; TLV = threshold limit value; TWA = time-weighted average.

Interventions could be things like
engineering controls, occupational
health education and training of
managers and workers, and adher-
ence to the regulations.

Exposure to Respirable Crystalline Silica.

Reprinted from the Appendix of the April 2002 NIOSH Hazard Review: Health Effects of Occupational
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There are a number of epidemiologic studies that show statistically
significant numbers of deaths or cases from these auto-immune related
disorders and renal problems and diseases after occupational exposures tc
silica. In some cases the individuals have concurrent silicosis and other
times they do not.

Sometimes it had been noted in the literature that this occurs, and althoug
there is not yet an established pattern, we have noted these higher number
of deaths that are statistically significant.

Well, this is a little bit out of my area because I’'m not a toxicologist. The:
are questions about the toxicity of one form of crystalline silica compared
with other forms. Crystalline silica has various forms that are called
polymorphs. Alpha quartz is the most common form that occurs in nature
and in occupational settings. There are questions about whether some of 't
other forms are more or less toxic than alpha quartz. This has been exami
in experimental studies but has not been well defined in the human
population. Often in the work environment you have workers that are
exposed to more than one form of silica at the same time depending on th
types of jobs they are doing.

This is debated in the literature. The only cancer that silica has been
definitely associated with is occupational lung cancer. Quite a few
epidemiologic studies of workers with silicosis have shown increased rate
of lung cancer. However, there are also studies of workers with increased
rates of lung cancer and no preexisting silicosis. In other words, the two d
not necessarily go hand in hand. The question of whether you can have lu
cancer without silicosis in silica-exposed populations is hig] - debatable
right now and the studies show it both ways.

In the Hazard Review, we said that lung cancer is associated with
occupational exposures to crystalline silica and that the available data als«
support the conclusion that silicosis produces an increased risk for bronct
carcinoma, but the data are less clear as to whether silica exposure is
associated with lung cancer in the absence of silicosis.
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There probably are a number of possibilities as to why that might be. I
looked at the original articles from the CDC that stated that “over exposu
of sufficient magnitude to cause premature death continue to occur in the

United States.”! One explanation of the finding you mention might be t
younger individuals work in the more physically demanding
high-exposure/intense-exposure types of jobs. Younger workers also mig]
be in the low-seniority jobs where there might be higher, more intense
exposures. These younger workers may also represent transient populatio:
Possibly they are doing contract work and sometimes contractors and thei
employees may not be as well trained or educated about safety precaution
on the job. These are all speculations for why we are seeing silicosis in
younger workers.

Table A~L. US. puidelines and limits for occupational exposure to crystalline sllica

Reference Substance Guideline or limit (mgim*)
NIOSH {1974} Crystalline silica:® quantz, cristobalite, and REL' = Q.08 (fos up 10 o 10<hr workday
tridymite as respirable dust durtng a 40-hr woskweek)
OSHA RYCFR Respirable crystalline sdicy. quarts PEL = 10+ % quartz + 2 (8-h1 TWA)
1910.1000-Tablc Z-3] Respirable crystallioe sdlics. cristobalite PEL = halfof the valur cakulated from
the formula for: 14
Respirable crysta ilica, dymite PEL = half ol the varue cakulated from
the fornwula fof quartz
MSHA [30CFR 56, 57, Respirable quanz in underground and surface PEL =~ 10 + % quartz + 2 (8:-hr TWA)
70.71) meial and nonmsesal mings
Respirable crystalline silica present in RDS'—~ 10 + %% quarte (8-hr TWA)

concentrations >5%6 in surface and
an aund coa mines

ACGIH {2001) Respirable crystalline silica, qoart: TLV ~ 0.05 (3-hr TWA)
Respirahbe crystalline silica, cristnbalitc TLV ~0.05 (3-hr TWA)
Respirahde crysinbline silica, tridymite TLV ~ .05 (3:-hr TWA)

Adwpied from Hear! [1996].
" Identifiod by NIOSH 8 a poterfsad oetupatzon] Granagen {54 Fod Reg. 2521 {1939)).
t Abbreviations: REL = rec ded expogure timit; PEL ~ pormissible exposure limig
RDS = respirable dust stznidard; TLV = threshald fimit value; TWA = time-weighted average.

To answer this question I will take the exact text from page 2 of the Haza
Review Introduction, “current occupational standards are not sufficiently
protective to prevent the occurrence of chronic silicosis.” That is based o1

several epidemiologic studies on chronic silicosis.3"!! In the abstract, we
also state:
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“Recent epidemiologic studies demonstrate that workers have a
significant risk of developing chronic silicosis when they are
exposed to respirable crystalline silica over a working lifetime
at the current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL), the Mine Safety and
Health Administration (MSHA) PEL, or the National Institute
for Occupational Safety and Health (NIOSH) recommended
exposure limit (REL).”

Yes, and there are probably some industries that we haven’t even identific
yet. One key reason that some industries exceed the standards is that there
isn’t enough being done to control the dust exposure. It’s not being
controlled. Possibly another reason is that interventions are needed to
prevent exposure in those industries. Interventions could be things like
engineering controls, occupational health education and training of manaj
and workers, and adherence to the regulations.

What is particularly interesting to me is that silica is not just related to

silicosis, but is thought to have these other effects too, the lung cancer, th
autoimmune related disorders, the renal problems. It is interesting that sil:
may affect health by causing wide ranging problems other than just silico:
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