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INTRODUCTION 
Mineral is the term traditionally applied to naturally 
occurring inorganic substances having definable and 
consistent physical properties and chemical composition. 
By conventional contemporary usage, mineral also refers 
to similar substances of organic origin, such as coal, as well 
as ·manufactured materials of mineral origin, such as 
ceramic fibers or slag wool. Dusts generated in the mining, 
milling, manufacture, and use of minerals have long been 
recognized as causes of serious lung diseases. This chapter 
provides an overview of information useful in the recogni­
tion and prevention of diseases related to mineral dust 
exposure. As with any agents causing chronic disease, 
hazard recognition and environmental surveillance and 
control are key to disease prevention and are thus a 
primary focus of this section. 

ASBESTOS 
Exposure settings 

Asbestos is a generic name used in referring to a group of 
fibrous minerals that have exceptional resistance to degra­
dation by heat, acids, bases, or solvents. Asbestos is defined 
in US regulations as the minerals chrysotile, crocidolite, 
amosite, tremolite asbestos, actinolite asbestos, and antho­
phyllite asbestos, although there are other hazardous 
fibrous minerals such as erionite, richterite, and winchite 
With similar characteristics. 

Asbestos fibers can be classified based on their physical 
Ind chemical structures as serpentine (curved) or amphi­
>oles (straight and needle-like). The most commonly used 
tsbestos fiber is chrysotile asbestos, which now comprises 
>ver 95% of worldwide production, and is the only ser­
>entine asbestos of importance. Amphibole asbestos, used 
llore in the past, includes commercially used amosite 
tllined in South Africa) and crocidolite, and non-commer­
ially used anthophyllite, tremolite, and actinolite, which 
an potentially contaminate other mineral ores or cause 
tlVironmental rather than occupational asbestos-related 
lsease. The relative potency of the different forms of 
[~stos in causing both malignant and non-malignant 
· estos-related conditions has been a source of contro-
1,i'sy, complicated in part by the fact that each form is 
[ely pure, but may contain small amounts of other fiber 
~; anyone who has worked with asbestos for many 

years likely was exposed to several fiber types. Chrysotile is 
generally considered less potent for mesothelioma induc­
tion than certain amphiboles, but still may be a cause. 
Crocidolite is considered the most potent fiber for 
mesothelioma. 

The asbestos minerals are not combustible and have 
a high melting point and low thermal and electrical 
conductivity. These and other useful properties resulted 
in the development of thousands of commercial uses for 
asbestos. Asbestos has been in widespread use for more 
than a century. Before 1900, less than 10,000 metric tons 
per year were used in the US. The use of asbestos for 
products including clutch and brake linings, packing 
and gaskets, asbestos flooring, and thermal and electri­
cal insulation, led to increased demand. By 1950, the 
annual US demand for asbestos grew to over 660,000 
metric tons, and increased to over 801,000 metric tons 
by 1970.1- 3 Since the early 1970s, regulatory action and 
liability concerns have reduced or eliminated many uses 
in the US and elsewhere. Complete or partial asbestos 
bans are in place in at least 20 countries, and asbestos 
use will be banned throughout the European Union in 
2005. 

There are six classes of products in which the use of 
asbestos is currently banned by the US Environmental 
Protection Agency (EPA): 
• corrugated paper; 
• rollboard; 
• commercial paper; 
• specialty paper; 
• flooring felt; and 
• new uses of asbestos. 
Since the 1970s, the US demand for asbestos products has 
dropped to the current levels of 14,600 metric tons in 
2000.4 

Recent total US production of asbestos fell from 9550 
metric tons in 1996, to an estimated production of 5260 
metric tons in 2000. Worldwide production and usage 
have been relatively stable, declining from 2.1 million 
metric tons in 1996 to 1.9 million metric tons in 2000. In 
2000, the major continuing uses for asbestos were roof­
ing products, gaskets, and friction products. Nevertheless, 
millions of tons of asbestos insulation remain installed, 
and removal and disposal create continuing exposure 
potential. In some situations, asbestos-bearing materials 
may be sealed with a coating to minimize release of inhal­
able fibers. This only defers the problem of exposure until 
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major renovation or demolition is required. Today, most 
domestic exposure occurs in construction workers exposed 
to installed asbestos products or during asbestos abate­
ment and removal activities. Exposure may also occur 
when asbestos is found as a contaminant in other commer­
cially useful minerals, including, talc, clays, vermiculite, 
magnetite, marble, and metal ores. 

The Occupational Safety and Health Administration 
(OSHA) estimated in its 1994 Asbestos Standard that about 
700,000 US workers were potentially exposed to asbestos 
in general industry and shipyards. 5 Many more have been 
exposed in the past. Table 46.1 lists occupations where 
significant asbestos exposure has occurred and may 
continue to occur. Asbestos products have been so widely 
used that a complete list of potential exposure settings 
would include virtually all workplaces. 

Acoustic product installers 
Asbestos cement product makers and users 
Asbestos grout makers and users 
Asbestos millboard makers and users 
Asbestos millers 
Asbestos miners 
Asbestos paper makers and users 
Asbestos plaster makers and users 
Asbestos insulators 
Asbestos tile makers and installers 
Asphalt mixers 
Automobile repair workers 
Boiler makers 
Beer makers 
Brake lining makers 
Brake refabricators 
Chemical workers 
Clay workers 
Construction workers 
Demolition workers 
Electric appliance workers 
Electrical equipment workers 
Electrical wire makers 
Food processing workers 
Gasket makers 
Glass workers 
Iron ore (taconite) miners and millers 

· Insulation workers 
Loggers 
Machinery makers 
Maintenance and custodial workers 
Nursery (agricultural) workers 
Oil and gas extraction workers 
Paint makers 
Petroleum refinery workers 
Primary metal industry workers 
Plumbers and pipefitters 
Railroad repair workers 
Roofers 
Rubber makers 
Reinforced plastics makers 
Shipyard workers 
Stone workers 
Talc miners and workers 
Textile workers 
Transportation equipment makers and repairers 
Transportation workers 
Vermiculite miners and workers 

Table ~.1 Occupations with potential asbestos e,.:posure 

Environmental measurement 

The techniques for environmental measurem 
asbestos can be divided into two general cat;nt of 
Qualitative analysis determines whether or not asbeg~rtt$, 
present in a bulk material and estimates the r!ta~ Is 
amount and mineral type of asbestos present. QuaUt !tc 
analysis can be done using polarized light micros: vc 
X-ray diffraction, or transmission electron microscopy, 
The results from qualitative analysis are usually give opy. 

b . ct na$ percent as estos on a pro1ecte area or a weight/we[ h 
basis. Quantitative analysis counts the number of fibersg 1 

structures present in a measured volume of air. Two prt 
0

~ 

cipal techniques are generally used for quantitative anat. 
sis. Light microscopy with phase contrast enhancement~ 
commonly used for the routine quantitative fiber meas~ 
urements needed for comparison to occupational exposur 
limits. Transmission electron microscopy may be need~ 
when thin fibers (<0.25 µm) are present. Fibers smaller 
than 0.25 µm are invisible using light microscopy tech­
niques. When performing quantitative fiber analysis, the 
associated analytic capabilities of these microscopes limit 
the level of qualitative information (fiber-type identifica­
tion) that can be gathered on individual fibers. Results 
from quantitative analysis are usually given as fibers per 
cubic centimeter or structures per cubic centimeter.6,7 

Clinical effects 

Specific asbestos-related diseases are discussed in detail in 
Chapters 19.8 and 30.2. 

Acute effects 
Aside from a non-specific mild respiratory and skin irritant 
effect, no clinically observable acute effects of asbestos 
exposure have been documented. Asbestos warts or corns 
have been described within weeks or months of initial 
skin exposure to asbestos fibers. These are small nodular 
lesions, sometimes on an inflammatory base, resulting 
from a granulomatous reaction to the presence of a foreign · 
body. 

Chronic effects 
Non-malignant diseases such as pulmonary fibrosis, pleu­
ral fibrosis, benign pleural effusion, and chronic bronchi­
tis, as well as a variety of malignancies, including cancers 
of the respiratory tract, malignant mesothelioma of the 
pleura or peritoneum, and gastrointestinal cancers, can 
result from occupational or environmental asbestos expo­
sure. All are chronic conditions of insidious onset occur­
ring after latencies of one or more decades. Each of the 
non-malignant or malignant effects of asbestos exposure 
may occur independently of the others. With the excep­
tions noted below, none is pathognomonic for asbestos 
dust exposure. Clinical manifestations are non-specific. 

Pulmonary fibrosis may be recognized as a result of 
mandated surveillance of current asbestos workers or 
through diagnostic evaluation of symptoms of persistent 
cough and exertional dyspnea of insidious onset. The chest 



X-ray demonstrates small irregular opacities at the lung 
bases. Alternatively, fibrosis may be noted on pathologic 
examination of lung tissue removed during evaluation of 
a suspicious or malignant lung lesion, even when the 
preoperative chest X-ray shows no interstitial changes.8 

Pleural fibrosis, in the form of discrete plaques or diffuse 
thickening of the pleura, can occur independently of 
pulmonary fibrosis. One or more discrete pleural plaques 
may be recognized along the diaphragm or along the 
lateral chest walls. Bilateral plaques and plaques with visi­
ble calcification seen in individuals with a credible history 
of asbestos exposure and sufficient latency are presumed to 
have resulted from the asbestos exposure, although unilat­
eral plaques may result from asbestos exposure, and non­
calcified plaques occur more commonly than calcified 
ones. Pleural plaques undetected by conventional radio­
graphs are often visualized using computed tomography 
(CT). Diffuse pleural fibrosis often involving blunting or 
obliteration of the costo-phrenic angle on chest X-ray is 
also seen as a result of asbestos exposure. This may be asso­
ciated with significant pulmonary function abnormality, 
although mfld pulmonary dysfunction can also be associ­
ated with the presence of pleural plaques.9 

Benign pleural effusions, lasting weeks to months 
before spontaneous resolution, occur in asbestos-exposed 
workers, often within the first two decades following first 
exposure. These are sterile and without malignant cells. 
Associated symptoms may be minimal. There are sugges­
tive data associating the eventual development of exten­
sive diffuse pleural fibrosis with antecedent pleural 
effusions. Chronic bronchitis, persistent cough with 
phlegm, in general occurs more often in people working in 
dust than in those who do not, when compared to others 
With similar smoking habits. This observation has been 
confirmed in some cohorts of asbestos workers. 

Restrictive physiology with a reduced carbon monox­
ide diffusion capacity, characteristic of diffuse interstitial 
fibrosis, is typically seen in patients with asbestosis. 
Inflammation and fibrosis of the respiratory bronchioles 
can also occur as a manifestation of asbestos exposure, 
even in the absence of asbestosis visible on chest X-ray. 
Mild pure airflow obstruction from asbestos exposure 
(demonstrable as an increased loss of FEV 1 in the absence 
of other adverse exposures such as cigarette smoke) has 
been found in some asbestos-exposed workers. Some have 

·~~!>served FEV 1 deficits in asbestos workers with pleural 
fibrosis. Others have documented progressive loss of FEV1 

' in asbestos-exposed workers as they develop symptoms. 10 

Higher degrees of lung function loss are associated with 
increasing pulmonary function deficits. 11 

· Respiratory tract cancers are the most common 
cancers associated with occupational asbestos exposure. 
1:bese are pathologically indistinguishable from other 
\'espiratory tract cancers. Cancers of the lung and larynx 
a.re seen more frequently in workers occupationally 
~osed to asbestos than in others with comparable smok­

g habits. Latency averages about 25 years from first 
:. tos exposure. Combined exposure to asbestos and 
· arette smoke puts workers at extremely high risk for 
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development of respiratory tract cancers. There is evidence 
that smoking cessation results in diminished lung cancer 
risk over time in individuals who have had prior asbestos 
exposure. Some have asserted that asbestos only causes 
lung cancer in workers who have already developed 
pulmonary fibrosis, although evidence for this is limited 
and increased risk of lung cancer with or without visible 
fibrosis is well documented in a number of occupational 
groups. 12 Since both the development of fibrosis and the 
development of lung cancer are dose-related phenomena, 
unambiguous resolution of this controversy is challenging. 

Malignant mesothelioma of the pleura, peritoneum, 
or mediastinum in the presence of a credible history of 
asbestos exposure, occurring after a reasonable latency, are 
considered 'sentinel health events' presumptively resulting 
from exposure to the mineral fibers, most often asbestos. 
Mesothelial cells are thought to be transformed through 
direct interaction with asbestos fibers. Malignant mesothe­
lioma has been reported with minimal exposure to asbestos; 
cohorts with high levels of exposure experience high rates 
of this cancer. Latency between first exposure and mesothe­
lioma development is, on average, longer than that for 
bronchogenic cancer, averaging 30-35 years. The tumors 
grow rapidly and are virtually universally fatal, with no 
effective curative surgical or chemotherapeutic interven­
tions found to date. 

Cancers of the gastrointestinal tract, including cancer of 
the esophagus, stomach, pancreas, colon, and rectum, 
occur more frequently in most occupational cohorts heav­
ily exposed to asbestos, although the risk is substantially 
less than for lung cancer. 

Other cancers, including certain lymphomas and 
kidney cancer, have been observed more frequently in 
some, but not all, asbestos-exposed cohorts. Complex 
interrelationships between multiple adverse occupational 
exposures, including asbestos, may in part account for the 
diversity of malignancies associated with exposure. 

Clinical evaluation and management 

Clinical management of patients with a history of asbestos 
exposure requires a combination of medical screening, 
health counseling, appropriate and timely medical inter­
ventions, and emotional support based upon a realistic 
appraisal of the risks resulting from the exposure. If expo­
sure is continuing, exposure control is critical, and health 
surveillance consistent with that mandated by the 
Occupational Safety and Health Administration (OSHA) 
is warranted. Given current restrictions on asbestos use, 
exposure has often ceased by the time healthcare is sought. 
Nevertheless, the biologic persistence of the fibers and the 
long latency between exposure and disease justify special 
attention to former asbestos-exposed workers. Also, indi­
viduals with asbestos-related diseases may be involved in 
litigation that may place certain responsibilities on the 
healthcare provider. 

Medical screening involves the performance of tests 
directed toward the identification of significant diseases or 
conditions before the diseases become clinically apparent. 
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Effective treatments or interventions should be available 
which can improve the outcome of the disease. Screening 
for disease in an individual is a secondary prevention strat­
egy, distinguishable from public health or workforce 
surveillance efforts that also involve medical testing. Also, 
tests done exclusively for screening purposes differ in 
intent from those performed for diagnostic purposes or to 
provide information useful in health counseling. 13 

Theoretically, any of the diseases for which asbestos­
exposed individuals are at risk would be potential targets 
for screening in the course of routine medical care. 
However, most fail to justify the conduct of screening tests. 
For example, screening for malignant mesothelioma will 
not result in improved outcome until effective interven­
tions are available. Respiratory tract cancer screening 
among high-risk groups, using periodic chest X-ray and 
sputum cytology, has failed to reduce significantly the 
number of cancer deaths in those screened compared to 
others receiving routine care. Newer approaches to lung 
cancer screening using low-dose spiral CT scanning are 
under evaluation and have demonstrated promising 
results in selected circumstances. 14 

No effective intervention has been identified to modify 
the course of pulmonary or pleural fibrosis resulting from 
asbestos exposures which are no longer continuing. 
However, the identification of one or more of these condi­
tions combined with appropriate health counseling may 
help motivate patients to control or eliminate exposure to 
other pulmonary toxins, particularly tobacco smoke. 

When exposure is continuing, however, the presence of 
abnormalities on chest X-ray justifies recommendations 
to increase the level of respiratory protection or eliminate 
the exposure altogether, since the development of fibrosis 
appears to be dose related and continuing exposure might 
cause more rapid deterioration. Thus, periodic chest X-rays 
are indicated for active asbestos workers. Also, when there 
is ongoing exposure, the ability to use respiratory protec­
tive equipment should be monitored closely by periodic 
examinations including pulmonary function testing. 

Gastrointestinal cancer screening, using tests for occult 
_blood in the stool and periodic sigmoidoscopy or 

. · colonoscopy, has been recommended by the US Preventive 
Services Task Force, the American Cancer Society, and 
others, as being effective in the general population. Given 
the increased risk of gastrointestinal cancer in asbestos­
exposed individuals, this practice should be encouraged. 
No studies have yet shown benefit from either earlier initi­
ation or more frequent performance of these screening 
procedures because of increased risk in this group. 

Health counseling for patients currently or formerly 
exposed to asbestos must be directed toward control or 
elimination of exposure to all current pulmonary hazards, 
particularly asbestos dust and tobacco smoke. The impor­
tance of smoking cessation in asbestos-exposed patients, 
whether or not they have manifested any of the stigmata 
of asbestos-related diseases, cannot be overemphasized. 
The combination of asbestos exposure and tobacco smoke 
is far worse than either alone. During the decade following 
smoking cessation, lung cancer risk gradually drops but 

remains significantly elevated as a result of the ,asbest .; 
exposure. No healthcare encounter with a CUn:ent OS 
former asbestos worker should omit inquiry into tob or 
use and reinforcement of a smoking cessation messag:c~o 
all current tobacco users. 0 

To date, evidence that dietary modification may dim! • 
ish cancer risk is unconvincing; however, research into th~ 
important question continues. Studies of former asbest s 
workers with X-ray abnormalities have failed to provl~s 
evidence justifying recommendations of specific diet~ 
supplements or other dietary modifications for these 
patients. Given the risk status of exposed individuals and 
the limited number of interventions available, prudent 
advice based on the best available current recommen­
dations from the National Cancer Institute should be 
offered. 

Medical interventions depend upon the diseases 
manifested by the patient and do not differ appreciably 
from those that should be offered others with comparable 
diseases with other etiologies. For example, asbestos-asso­
ciated malignancies have not been shown to respond any 
better or worse to conventional surgical techniques or 
chemotherapy than cancers of unknown or other etiolo­
gies. The course of pulmonary fibrosis caused by asbestos 
exposure is generally slowly progressive to indolent and 
has not been shown to be affected by any particular inter­
vention. Some have tried decortication procedures to 
relieve restriction caused by the rare cases of massive 
diffuse pleural thickening. Such treatments must depend 
upon the particular circumstances of the individual 
patient. 

Medical therapies should be directed toward early iden­
tification and treatment of infection and relief of any 
element of bronchoconstriction. Evidence of hypoxemia 
should be sought and treated in severely impaired patients. 
Desaturation with exercise or during sleep should ·stimu­
late consideration of intermittent or continuous oxygen 
therapy. 

Comprehensive educational and support programs 
directed toward patients with chronic respiratory impair­
ment and their families have been of benefit to some. 
These programs often direct attention toward significant 
changes resulting from the disease, such as the need for 
environmental controls, the onset of sexual dysfunction, 
or the discouragement resulting from involvement in 
protracted and incomprehensible litigation. Voluntary 
organizations such as the American Lung Association 
may offer referral to pulmonary rehabilitation programs 
and patient support groups. 

Litigation seeking redress for injury from asbestos and 
finances to purchase necessary healthcare is common in 
the US among people with asbestos-associated diseases. 
Physicians caring for these patients must be prepared to 
provide timely reports when requested by the patient or 
the patient's representative. Standard diagnostic criteria 
may be useful in preparation of such reports. 15 The fact 
that the patient is involved in litigation should not affect 
diagnostic or therapeutic decisions. Legal issues are 
considered in detail in Chapter 56. 



Prevention 

Control or elimination of exposure to asbestos-containing 
materials is the only absolutely effective strategy for 
prevention of asbestos-related diseases. Although substi­
tute materials are being used in many current settings, the 
asbestos already in place will result in ongoing exposure 
to maintenance, mechanical, and construction workers 
for decades to come. Disease prevention in these workers 
will depend in great measure on recognition of the poten­
tial for exposure and strict compliance with health and 
safety regulations. Comprehensive regulations promul­
gated under the Occupational Safety and Health Act, 
intended to prevent asbestos-associated diseases, focus not 
only on exposure control but also on issues of training and 
surveillance. 

Exposure limits 
In the US, occupational exposure is limited to 0.1 fiber/cm 3 

as a time-weighted average (TWA) over an 8-hour workday 
for general industry. There is a 1.0 fiber/cm 3 excursion 
limit averaged over a 30-minute sampling period. If expo­
sure_ exceeds either the TWA or the excursion limit during 
the year, periodic exposure sampling, training, and surveil­
lance are required.16 

Monitoring 
Initial personal sampling is required for all workers who 
may reasonably be expected to be exposed at or above the 
lWA and/or excursion exposure limits. Additional moni­
toring is required with a frequency such that the exposure 
of the worker is adequately described. 

Regulated areas 
Respiratory protection is required in areas where exposures 
exceed the TWA and/or excursion exposure limits. Hazard 
communications requirements, including the posting of 
warning signs and other restrictions on access, apply in 
any area with asbestos-containing materials or potentially 
asbestos-containing materials. 

Control 
Engineering and work practice controls are the preferred 
methods for maintaining exposure levels below the TWA 
and/or excursion exposure limits. 

Respiratory protection 
A Strict program of respiratory protection using NIOSH­
·certified respirators, periodic fit testing, and training is 
"mandated. The use of 'disposable' filtering facepiece respi­

a!ors is not permitted. The employer must provide a tight­
fitting positive-pressure respirator that provides adequate 
Protection, instead of any negative-pressure respirator, if 
:vie employee chooses to use this type of respirator. 
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• the health hazards of asbestos exposure; 
• the relationship between asbestos and smoking in 

producing lung cancer; 
• operations which could result in exposure; 
• the importance of co-ntrol procedures; 
• proper use and limitations of respirators; and 
• details of the medical surveillance program. 

Medical surveillance 
In the US employers must provide a medical surveillance 
program for all workers exposed above the TWA and/or 
excursion exposure limits, at no cost to the workers. A 
baseline pre-placement examination must include a , 
medical and work history; a complete physical examina­
tion with emphasis on the respiratory, cardiovascular, and 
digestive tract systems; a standardized respiratory ques­
tionnaire; a full-sized PA chest radiograph; spirometry 
including FEV 1 and FVC; and any other tests deemed 
appropriate by the examining physician. 

After the baseline examination, periodic examinations 
including an abbreviated questionnaire, periodic chest 
X-ray, and spirometry are mandated. The questionnaire 
is administered at baseline, then in an abbreviated form 
annually. Spirometry and a physical examination are 
performed at baseline, then annually. A chest radiograph 
must be offered: 
• every 5 years for workers under 35 years and/or with less 

than 10 years since first asbestos exposure; 
• every 2 years for workers aged 36-45 with over 10 years 

since first asbestos exposure; and 
• every year for workers over age 45 with over 10 years 

since first exposure. 
Medical examinations and testing are performed or 

conducted under the supervision of a licensed physician 
and at a 'reasonable time and place'. Chest X-ray interpre­
tation is done according to the International Labour Office 
(ILOJ classification system by a reader trained, tested, and 
certified by NIOSH (B reader) , a board eligible or certified 
radiologist, or 'an experienced physician with known 
expertise in pneumoconioses'. The examining physician is 
responsible for making a determination as to whether the 
worker has any medical condition that would put him or 
her at increased risk of 'material health impairment'. There 
is mandatory worker and employer notification of the 
examining physician's opinion resulting from the overall 
assessment of the test results. Records of the interpretation 
of the examination along with supporting information 
must be kept by the employer for 30 years, whether or not 
the test results are abnormal. 

There are no data reported which permit evaluation of 
the effectiveness of the current regulations for prevention 
of all asbestos-associated diseases. NIOSH has recom­
mended that exposure to asbestos fibers be limited to 
0.1 fibers/cm 3 time-weighted averaged over a JOO-minute 
sampling time, based on the technical limits of fiber moni­
toring rather than on absolute health protection. 

Although compliance with current exposure standards 
should substantially diminish the burden of asbestos-asso­
ciated disease in the future, there are still many settings 
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where significant asbestos exposure occurs before controls 
are put in place or where strict adherence to health protec­
tion programs is absent. When the possibility of asbestos 
exposure is determined after eliciting an occupational 
history, the healthcare provider should also inquire 
about the existence of a health protection program in the 
workplace. 

SILICA 
Exposure settings 

Silicon is the second most common element in the earth's 
crust. The combination of silicon and oxygen, Si02, called 
silica, is found in amorphous or crystalline forms. 
Respirable crystalline silica causes silicosis. Heating can 
change amorphous silica into crystalline forms. The chief 
form of crystalline silica is a-quartz (hereafter simply 
'quartz'). Quartz is a mineral found in most classes of rock, 
which is the principal source of exposure in many occupa­
tions (Table 46.2). Silica sand contains large amounts of 
quartz. Silica sand is used to produce glass, pottery, silica 
brick, mortar, and abrasives. Crystalline silica, as sand or 
aggregate, is added to cement to form concrete. Finely 
ground silica, also known as silica flour, is used in paints, 
porcelain, scouring soaps, and as wood filler. The clear rock 
crystal is of great value for electronic equipment. The 
colored varieties of crystalline silica are used as gems or 
ornamental materials. 

Tridymite and cristobalite are chemically identical to 
quartz but differ in crystalline structure. These two miner­
als are used extensively as filtering and insulating media 
and as siliceous refractory materials for furnace linings 
and silica bricks. Flints contain crystalline silica and have 
been used for centuries because of their hardness and heat 
resistance. 17

•
18 

Abrasive blasting 
Abrasives 
Boiler scaling 
·Cement production workers 
·ceramics 
Coal mining and milling 
Fillers (paint, rubber, etc.) 
Foundry work (ferrous and non-ferrous) 
Glass manufacture 
Insulation production and installation 
Metal mining and milling 
Micaceous earth excavation 
Mining, quarrying and tunneling 
Non-metallic mining and milling 
Plastic manufacturing 
Pottery making 
Refractory materials 
Road working 
Rubber manufacturing 
Scouring soap manufacturing 
Tile and clay production 
Tunneling 
Vitreous enameling 

Table 46.2 Selected occupations and industries involving exposure 
to free crystalline silica 

Description 

Masonry, plastering 
Heavy construction 
Painting, paper hanging 
Iron and steel foundries 
Metal services 

Table 46.3 Estimation of workers exposed to at least 1 O times the 
NIOSH REL for crystalline silica 

In the US, occupational exposure to crystalline sili 
· l l · f · d ca occurs m severa arge categories o m ustry. Using dat 

from the National Occupational Exposure Survey (NOF.s~ 
conducted from 1982 to 1983, and applying 1986 Bureau 
of the Census County Business Patterns, NIOSH estimated 
that 1.7 million workers are potentially exposed to one 
or more substances containing silica. Compliance data 
collected by OSHA inspectors indicate that within the 
exposed population, there are significant numbers of 
workers with continuing overexposures to crystalline 
silica. Table 46.3 lists the number of workers estimated to 
be exposed to at least 10 times the NIOSH recommended 
exposure limit (REL), which is approximately five times 
higher than the prevailing legal limit in the US, i.e., the 
permissible exposure limit or PEL. 19 

Occupational exposures to crystalline silica also occur 
throughout the mining industry. Over 300,000 coal, metal, 
and non-metal miners in stone or ground quarries are 
exposed to silica. Users of mined or quarried materials in 
activities such as road building, general construction, and 
railroad maintenance may be exposed to significant levels 
of quartz dust. 

Environmental measurement 

Silica often occurs in combination with other minerals 
whose composition may include silicon, aluminum, 
and varying amounts of magnesium, iron, calcium, and 
other elements. The term 'free silica' is sometimes used to 
describe Si02 that is not combined with other elements. 
Environmental measurement of silica involves two phases: 
• collection of the sample using an appropriate sampling 

technique; and 
• chemical analysis of the collected material. 

Two types of samples are routinely collected: bulk dust 
and respirable dust. Bulk samples are collected to deter­
mine the average crystalline silica content of the dust in an 
environment. Once the average silica content is deter­
mined, an overall exposure limit for respirable dust can be 
computed in order to limit silica exposure. Respirable dust 
samples collect air-borne dust on a filter using a particle­
size classifier such that the particle collection efficiency 
mimics the performance of the human respiratory system. 
It is possible to quantify individuals' exposure to low levels 
of silica using personal respirable dust samples. 

Chemical analysis of both bulk dust and respirable dust 
samples may be done using X-ray diffraction (XRD) or 
infrared analysis (IR). A chemical technique involving 
acid digestion can also be used for bulk samples. The acid 
digestion technique was the basis for early (pre-1970) silica 



analyses. Using phosphoric acid, the amorphous silica and 
silicate minerals from the bulk dust are digested, leaving 
the crystalline silica residue for quantification. The percent 
crystalline silica determined from the bulk analysis can 
be multiplied by air-borne respirable dust concentration 
to estimate worker exposure to air-borne crystalline silica. 
Using respirable dust personal samples, worker dust expo­
sures are measured directly with subsequent crystalline 
silica analysis by IR or XRD on each individual respirable 
dust sample.20 

Clinical effects 

The health effects of silica exposure are discussed more 
fully in Chapters 19.1 and 30.2. 

Acute effects 
No acute effects of silica exposure have been documented. 

Chronic effects 
Silicosis is the pneumoconiosis resulting from fibrotic reac­
tions to lung deposition of inhaled crystalline quartz dust. 
Disease latency and time course depend on the intensity 
and duration of dust inhalation. Particle size distribution 

· and surface characteristics, as well as the crystalline struc­
ture of the quartz particle, may affect toxicity. A character­
istic pathologic entity, the silica nodule, results from 
pulmonary response to inhaled and retained silica. These 
nodules may coalesce with resulting tissue destruction and 
disruption of the normal thoracic architecture. This is 
known as progressive massive fibrosis. Silicosis that occurs 
Within a few years of the initiation of exposure is some­
times referred to as accelerated silicosis. Disease with a 
more indolent time course, often not identified for one or 
more decades from first exposure, is sometimes referred to 
as chronic silicosis. Accelerated and chronic silicosis most 

"likely result from the same disease mechanisms, differing 
only in time course. A distinct condition, referred to as 
acute silicosis, may result from a different mechanism. It is 
a rapidly progressive disease which develops after inhala­
tion of high concentrations of fine silica particles. Acute 
Silicosis has pathologic characteristics similar to alveolar 
proteinosis. 21 

All forms of silicosis can progress in the absence of 
ongoing silica dust exposure, and people with occupa­
tional silica exposure may not manifest chest X-ray abnor­

,malities until well after retirement. Although silicosis is 
irreversible, the likelihood of progressive impairment from 

•accelerated or chronic silicosis is presumably diminished 
through early identification of disease and cessation of 

'.-exposure. Once acute silicosis is present, interventions 
ave not been shown to favorably influence disease 

Qutcome. Experimental therapies or interventions which 
~_re not widely available, such as bronchoalveolar lavage 

, d lung transplantation, have been attempted for work­
~ts-With acute silicosis and for some with total pulmonary 

.capacity due to progressive massive fibrosis. 
~ Silicosis was listed as an underlying or contributing 
'i:1se of death on 187 death certificates in the US in 1999. 
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Surveillance data suggest that death certificate records 
significantly underestimate the extent of the problem. 

The risk of tuberculosis is greater in workers with 
silicosis than in the general population. Tuberculosis is 
probably more common in silica-exposed workers even 
without diagnosed silicosis. Tuberculosis can cause signifi­
cant morbidity and mortality, particularly if unrecognized 
and untreated. While effective treatments are available, 
treatment failures and relapses are reported to occur more 
commonly in people with silicosis. 

Emphysema, bronchitis, and airways obstruction appear 
to occur more commonly in silica-exposed workers than in 
the general population. The risk is most likely dose depend­
ent. In general, these conditions cause significant morbidity 
and can cause premature mortality. Early intervention with 
control or cessation of adverse pulmonary exposures 
(including dust and tobacco smoke) may result in reversal 
of bronchitis symptoms and presumably diminish the rate 
of progression of airways obstruction. 

Lung cancer as a result of silica exposure is the subject 
of ongoing scientific investigation. After intensive review, 
the International Agency for Research on Cancer (]ARC) 
has stated that there is sufficient evidence to conclude that 
inhaled crystalline silica from occupational sources is a 
human carcinogen, 18 and NIOSH has recommended 
control of exposure based on the importance of reducing 
silicosis risk and the conclusion that crystalline silica 
should be considered a potential occupational carcino­
gen.17 Some investigators suggest that silicosis rather than 
silica exposure is the key risk factor. In any event, as with 
lung cancer from asbestos exposure, there is no indication 
that silica dust-associated lung cancers differ from other 
lung cancers. No effective methods of early identification 
leading to successful intervention have been identified. 
Because both silica exposure and lung cancer are so 
common, even a small increase in relative risk of disease 
resulting from the exposure could result in a significant 
number of excess cases. 

Clinical evaluation and management 

A silica-exposed worker with chest symptoms should be 
evaluated in the normal fashion with a comprehensive 
history, focused physical examination, and a logical 
sequence of medical testing. Medical history should 
concentrate on adverse pulmonary exposures, including 
occupational exposure to dusts and fumes and tobacco 
use. A history of significant chest trauma, pulmonary 
infections, and cardiovascular disease is relevant. The 
extent to which current pulmonary problems interfere 
with normal levels of functioning should be documented. 
In general, a diagnosis of silicosis is macte on the basis 
of an abnormal chest radiograph along with a credible 
history of silica exposure. 

General clinical management issues for treatment of 
silicosis are no different than for other chronic pulmonary 
diseases. Elimination of adverse exposures, patient and 
family support and education, and interventions directed 
at optimization of the level of function and minimizing 
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time lost to infection are appropriate. Because of the 
increased risk of mycobacterial infection in patients with 
silicosis, tuberculin skin testing and evaluation of risks and 
potential benefits of treatment should be pursued (see also 
Chapter 19.9). 

Silicosis can progress in the absence of additional 
exposures, presumably through an iterative process of 
macrophage ingestion of retained silica particles followed 
by cell death (liberating inflammatory and fibrogenic 
mediators), and reingestion. In order to interrupt this 
process, some have suggested that bronchoalveolar lavage 
could diminish the body burden of silica. At this time, 
such therapies should be considered experimental and be 
performed only in the context of a clinical trial. Lung 
transplantation has also been attempted for far-advanced 
disease. 

Prevention 

Primary prevention 
Although the effects of exposure to free silica have been 
known for many years, silicosis continues to prevail 
among workers in the dusty trades. The critical strategy for 
prevention of silicosis is prevention of exposure. The 
OSHA PEL for general industry is based on the measure­
ment of respirable dust (including silica and non-silica 
components) and comparing that measurement to the 
following formula: 

PEL = 10 mg/m3 
/ (% quartz + 2) 

The effect of the formula is to limit respirable dust contain­
ing 100% quartz below 0.1 mg/m3

, and to limit respirable 
dust below 5.0 mg/m3 for quartz-free dusts. The OSHA limit 
for the two other forms of crystalline silica, cristobalite and 
tridymite, is half the limit allowed for quartz.22 Both 
NIOSH and the American Conference of Governmental 
Industrial Hygienists (ACGIH) recommend exposure limits 
of 0.05 mg/m3 for all crystalline forms of silica. 23

·
24 

<;::omplicating the situation, OSHA uses a different and 
.older standard for the construction industry, nominally 
requiring a count of the number of particles collected. 
Today, few laboratories are equipped or trained to do the 
microscopic particle counting that is required, conse­
quently respirable mass measurements are sometimes used 
in conjunction with mass-to-count conversion factors to 
compare measurements to the exposure limits. The expo­
sure limit for all forms of crystalline silica in the construc­
tion industry is determined from the following formula: 

PEL= 250 mppcf / (%quartz+ 5) 

where mppcf stands for million particles per cubic foot of 
air sampled. 

The Mine Safety and Health Administration (MSHA) 
uses a crystalline silica standard equivalent to the OSHA 
standard for metal and non-metal mines. For underground 
coal mines, the respirable dust standard is 2.0 mg/m3 

for coal mine dust with less than 5% crystalline~~ 
When coal mine dust exceeds 5% quartz, the respirafue 
dust standard (RDS) is calculated using the formula: 

RDS = 10 mg/m3 
/ (% quartz) 

Silica dust is generated when silica-bearing soil, rock, or ore 
is drilled, blasted, cut, dug, or otherwise disturbed. Ther 
is no obvious way to determine if the material bein e 
processed contains silica other than to perform chemic! 
analyses described earlier in this chapter. As a result, many 
exposures to crystalline silica go undetected simply 
because the exposure is not sampled and analyzed for 
silica. In mine settings, veins of silica may intertwine With 
veins of desirable ore. Crushed rock and gravel may have 
varying degrees of silica based on the specific location 
where the material originated. The best approach for 
protecting workers health is to sample and analyze the 
materials being mined or processed frequently. 

Once the potential for exposure to silica is established 
effective preventative measures are almost always avail: 
able. These measures include substitution of materials and 
engineering controls. OSHA and MSHA have established 
legal standards for compliance, setting exposure limits at 
approximately 100 µg/m 3 described by the PEL and RDS 
formulae above; and a REL has been established by NIOSH 
at SO µg/m 3

• Any measure to control exposure should use 
these limits to determine the need for engineering controls 
and their adequacy. The selection of a specific control 
strategy that maintains exposures below these limits will 
be determined by the economic and technical feasibility of 
that particular strategy in each situation. 

In abrasive blasting, where risk is high because of the 
generation of fine particles of 'freshly fractured' silica, it is 
often possible to replace the silica being used with a Jes~ 
toxic substitute. When using silica, even when the abrasive 
blaster operator is protected with an air-supplied respira­
tor, blaster helpers and other process workers in the area 
may be exposed. There are alternative materials available 
that can be used as an abrasive agent in lieu of silica sand. 
Although those materials may also be hazardous, and the 
material liberated during blasting is often toxic, appropri­
ate substitution combined with personal protective equip­
ment can reduce the health risks for the blaster and other 
nearby workers. 

The most common engineering control available in 
most settings is ventilation. In non-mining industries, 
ventilation is usually subdivided as blowing and exhaust­
ing ventilation and dilution ventilation. Particularly 
harmful dusts are often removed from the exhaust stream 
using bag-house filters to prevent general environmen­
tal contamination. Industrial applications where these 
controls have been successfully applied include, among 
others, foundries, ceramic industries, crushing, grinding, 
and screening. 

In mining environments, the dust control problems are 
different. Drilling and grinding operations present high 
exposure potential at surface mines. Since these operations 
are typically open to the environment, ventilation is not a 



practical solution. There are two alternative strategies that 
can be applied: enclosure and dust suppression. The oper­
ator's cab in equipment used at surface mines can be 
enclosed and designed to deliver air-conditioned filtered 
air to the operator; however, other workers who are not 
machine operators may continue to be exposed. It may be 
possible to enclose the point of dust generation. Water 
injection, water spraying, and the use of wetting agents are 
means of dust suppression which have been used at both 
surface and underground mines. 

At underground mines, dust control can be achieved 
through forced ventilation systems. Underground opera­
tions may also use high-pressure water sprays, water injec­
tion drilling, and other wetting methods to suppress the 
generation of dust at its source. 

Finally, there are a number of ways to do most jobs. 
Redesigning task performance, utilizing engineering equip­
ment to reduce dust exposure, or altering work practices 
can be effective. Educational efforts, labeling of quartz­
containing materials, and posting of hazardous work sites 
can assist workers in recognizing the dangers of exposure 
to dust and the benefits to be gained by altering work prac­
tices to reduce exposure to the minimum achievable level. 

Secondary prevention 
Workplace-based medical screening of silica-exposed 
workers is generally recommended, using periodic ques­
tionnaires, chest X-rays, and lung function tests. The effec­
tiveness of screening efforts has not yet been published. 
Chest radiographs may detect silicosis in some workers at a 
point when the disease is asymptomatic, but X-rays may be 
insensitive to other silica effects. In most exposure settings, 

ra PA chest radiograph repeated every 3 years for asympto­
matic workers should be sufficient. More frequent exam­
inations should be conducted if an abnormality is demon­
strated and exposure continues. Spirometry is another tool 
for screening and surveillance. Spirometry is inexpensive, 

·acceptable, and readily available. Lung function testing 
should be performed using equipment and methods meet­
ing American Thoracic Society-recommended standards 
_(see Chapter 19.1). Spirometry can demonstrate restrictive 
or obstructive abnormalities, either of which may result 
from silica dust exposure. Once patients test below popula-

•tion-based 'normal' values, disease is generally well estab­
lished. Using the patient's own baseline spirometry values 
IQ'r comparison may provide an earlier indication of the 
~evelopment of a problem. In this case, a drop of 15 per­
. tage points from the baseline 'percent predicted' value 
f9t-either FEV1 or FVC (e.g., from 105% of predicted FEV1 to 
~ of predicted) should suggest the need for additional 
t\laluation. 

iA number of state health departments require reporting 
, cases of silicosis as 'sentinel events'. Investigations of 
.J>orted cases can identify new cases and lead to prevention 

disease in workers not yet affected. Case identification 
d reporting are no substitute for primary disease preven­
"in through exposure control; they are, however, critical 
fuponents of an overall program of prevention requiring 

cooperation of primary healthcare professionals. 
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Although silicosis is often thought to be a disease of 
primarily historical interest, current exposure conditions 
continue to produce significant disease and even death 
from silicosis. Exposure _is so widespread that workers, 
employers, and healthcare providers must maintain a high 
index of suspicion that any work in a dusty trade may 
result in the development of this serious pulmonary 
disease. 

COAL 
Exposure settings 

Coal is organic material that has been fossilized after 
millions of years of pressure and temperature extremes. 
Coal is used as a basic fuel for numerous industries requir­
ing a source of heat; some coal is also used for residential 
heating. A relatively small amount of coal is used for 
production of gaseous and liquid fuels. 

The primary occupations that are exposed to coal dust 
are those associated with the actual mining and processing 
of coal. Other workers may have significant exposures 
through coal handling operations. The method of mining 
has an effect on the dust concentration level in which a 
miner may work. Usually, coal miners who are employed 
at the working face (the area of the mine where the actual 
extraction of coal occurs) of underground mines have the 
highest coal mine dust exposures. In 2000, there were 
approximately 76,000 workers in the coal mining industry 
in the US. 

Environmental measurement 

Coal dust health standards 
In the US, respirable dust levels in both underground and 
above-ground coal mines have been regulated since 1969. 
The current US exposure limit for respirable coal mine dust 
is 2.0 mg/m3•

25 A lower limit is applicable if more than 5% 
of the dust is quartz. Exposures to coal mine dust in 
general industry occur primarily in the steam generation 
of electricity. 

The basic sampling unit used in the US for measuring 
respirable dust consists of a battery-powered personal 
sampling pump which draws dust-laden air through a 
particle pre-separator (generally a cyclone) and onto a pre­
weighed filter at a controlled flow rate for an 8-hour shift. 
The large particles are removed by the pre-separator, and 
the smaller respirable dust is collected on the filter. Because 
the exposure limit is for 'respirable coal mine dust', no 
special chemical analysis is needed; the filters are weighed 
and the measured mass collected is divided by the volume 
of air sampled, to calculate the worker's daily exposure. 

Coal dust particle size distributions and regional 
effects 
The current coal mine dust standard was intended to 
prevent deposition of fine particles in the non-ciliated 
alveolar air spaces. A study of particle size distributions in 
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underground coal mines found that a substantial fraction 
of mine dust consists of larger particles capable of deposi­
tion in the upper airways. Chronic bronchitis is 
also prevalent in coal miners and may be related in part to 
the deposition of larger particles in the ciliated, conduct­
ing airways. Dust control techniques designed to obtain 
compliance with the respirable dust standard do not neces­
sarily reduce the thoracic dust exposures. 

Clinical effects 

The health effects of coal mining are discussed further in 
Chapter 19.10. 

Acute effects 
A few studies have identified a relatively acute drop in 
FEV 1 among some, but not all, miners during the first 
months to years following first exposure to coal mine dust. 
The clinical and prognostic significance of this drop is 
unclear and is the subject of ongoing investigations. 

Chronic effects 
Coal workers' pneumoconiosis (CWP) is one of the lung 
diseases arising from inhalation and deposition of coal 
dust in the lungs and the reaction of the lungs to the dust. 
CWP is a chronic, irreversible disease of insidious onset, 
usually requiring 10 or more years of dust exposure before 
becoming apparent on routine chest radiographs. It is 
characterized by macular and nodular pigmented lesions 
in the lungs, which may be visible radiographically as 
small or large opacities. When only small opacities are 
present, the condition is called simple CWP or chronic 
CWP. Progressive massive fibrosis (PMF) or complicated 
CWP are terms used when radiographic shadows greater 
than 1 cm, attributabl~ to coal dust exposure, are present. 
CWP, particularly in advanced stages or when PMF is pres­
ent, has been associated with pulmonary incapacity and 
increased morbidity and mortality. The occurrence of CWP 
is dependent on the intensity and duration of coal mine 
dust exposure. CWP, in some instances, progresses after 
~essation of exposure, although this seems to be less 

. common and the progression less aggressive than that 
resulting from retained silica dust. 

CWP was listed as an underlying or contributing cause 
of death on over 1417 death certificates in the US in 1996. 
As exposure conditions have improved, the average age at 
death among men with CWP has increased and approxi­
mates the average age at death of all men in the US. Since 
chest X-ray abnormalities may be visible in the absence 
of clinical disease in some individuals, there may be a 
'preclinical' stage during which CWP can be identified. 
Although reduction or elimination of exposure to coal 
mine dust in workers with chest X-rays showing category 1 
abnormalities, by ILO criteria, would presumably result in 
decreased progression of disease and in fewer cases of PMF, 
statistical modeling based on large data sets in the UK and 
the US suggests that this benefit may not prove very great. 

Dust control strategies in the US, initiated in the early 
1970s, were directed at preventing miners from developing 

ILO category 2 CWP. Miners with category 1 CWlf w~ 
offered work in jobs with a maximum dust expasure 
1 mg/m3

• It was anticipated that this would result int:~ 
virtual elimination of PMF. This strategy has not bee e 
completely successful, in part because PMF can appear o:! 
a background of category 1 CWP or, rarely, category o . . 

Chronic bronchitis, emphysema, and airways obstruc. 
tion (accelerated loss of FEVi) are more common in work. 
ers exposed to coal mine dust than in others With 
comparable tobacco use habits. All of these conditions 
appear to be dose related. Chronic bronchitis symptoms 
may be reversible if adverse exposures are controlled early. 
Presumably, the rate of loss of FEV1 could be diminished 
through reduction or elimination of dust exposure 
although the rate of loss that should trigger interventio~ 
and the optimal timing for intervention remain the 
subject of investigation. Chronic bronchitis, emphysema 
airways obstruction, and CWP all result from exposure t~ 
coal mine dust and may occur in various combinations. 
The chest X-ray is not a reliable predictor of the likelihooct 
of airways obstruction associated with dust exposure.26 In 
general, diminished FEV 1 is associated with morbidity and 
premature mortality. Dust exposure unlikely to result in 
the development of CWP or PMF may still cause or 
contribute to clinically significant airways obstruction.27 

Coal mine dust may contain varying proportions of 
crystalline quartz. CWP may be indistinguishable from 
silicosis on chest X-ray. 

Excess risk of stomach cancer has been reported with 
coal mine dust exposure, although the level of increased 
risk is not great and the population prevalence of this 
condition is generally low (see Chapter 30.5). 

Clinical evaluation and management 

Miners with lung disease generally present for evaluation 
either of progressive dyspnea or an acute chest illness. 
Because a federal benefits program compensates miners 
with severe impairment, some miners present for consul­
tation or evaluation of their qualification for these bene­
fits. In other instances, the possibility of disease from coal 
mine dust exposure is an incidental finding in a routine 
health evaluation. 

A clinical evaluation should include a comprehen­
sive medical and occupational history, with a focus on the 
pulmonary and cardiovascular systems. Since miners with 
lung disease often become involved in benefits applica­
tions and significant weight is given to the assessment of 
the primary care physician, the history should be carefully 
taken and well documented. The onset and evolving 
course of symptoms such as dyspnea, cough, and sputum 
production should be described. Any changes in normal 
life activities should be explored in detail. For example, 
many miners describe the need to abandon hobbies such 
as hunting, or may report the modification of sexual activ­
ity as a result of increasing pulmonary impairment. Work 
decisions, such as a job transfer from a strenuous or dusty 
job to one that is less demanding physically, are signifi­
cant. Since disease development is frequently insidious, 



it is often helpful to ask about the abilities of the patient 
in comparison with non-exposed contemporaries. Careful 
inquiry should also be made into adverse pulmonary expo­
sures on and off the job, including tobacco use. 

A comprehensive physical examination is appropriate, 
although findings are not specific. It is, however, often 
helpful to determine if other conditions associated with 
work exposures are present, such as noise-induced hearing 
loss or musculoskeletal disorders, which should be evalu­
ated and treated. 

Testing may include chest radiography, which should 
be interpreted by someone skilled in recognition of the 
pneumoconioses, preferably a certified B-reader. Spirometry 
should be performed using methods and equipment meet­
ing American Thoracic Society recommendations. Other 
measures of lung function may be helpful in certain clini­
cal settings but do not need to be performed routinely. 

Care for miners with chronic lung disease should 
attempt to maximize their level of functioning and mini­
mize life disruption. Ongoing dust exposure should be 
controlled to the extent possible, with transfer to a low­
dust job recommended for working miners. Where other 
adverse exposures such as tobacco smoke can be identified, 
they should be eliminated. Bronchodilators provide symp­
tomatic relief for some. Infections should be treated early 
and monitored carefully. Immunization against influenza 
and pneumococcal disease should be encouraged . 
Tuberculosis does not complicate CWP as it does silicosis. 

In coal mining areas, the US Department of Labor 
has assisted in the development of clinic- or hospital-based 
respiratory disease treatment programs for miners and 
their families . Patient and family education can reinforce 

. the therapeutic interventions of the primary care provider 
and provide emotional support. 

Prevention 

Primary prevention 
The primary means of preventing dust-related illnesses is 
to limit the exposure of all workers through the use of 
engineering controls.28 These include dilution ventilation 
and dust suppression. The MSHA prescribes minimum 
ventilation requirements for face operations, primarily to 

"'control the emission of methane from freshly fractured 
.coal. The fresh air also reduces the dust concentration 
.through mixing with the dust-laden air exhausting out 
of the return air tunnels. Dust suppression usually involves 
arsystem of water sprays near the cutting head of continu­
ous mining machines or Jongwall shears. Dust exposures 
c.,an also be reduced on an individual basis through the 
Use of approved particulate air-purifying respirators. 
Respirator usage is usually voluntary and is not consid­

,ed by MSHA to be an acceptable means for the operator 
reduce exposures to respirable dust. However, many 

· ers choose to wear respirators, particularly during the 
. . t-producing mining operations. There is some evidence 
.. ~ use of respirators is associated with preservation of 

g function. 
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Exposure limits in the US for coal mine dust are 
enforced by MSHA. Mine operators must take periodic dust 
samples during normal working conditions and send them 
to MSHA for weighing and analysis. The integrity of this 
program has been brought into question after MSHA's alle­
gations of widespread tampering with dust sampling. The 
mandatory operator sampling program is supplemented by 
periodic inspections by MSHA personnel. Recent informa­
tion suggests that the current dust exposure limit might 
not be fully protective, and NIOSH has recommended 
a lowering of the dust limit along with changes in the 
program of inspection and enforcement.29 

Secondary prevention 
Medical surveillance, directed toward the early identifica­
tion of CWP through periodic radiographic examinations, 
is available for all underground coal miners in the US 
through the Coal Workers' X-ray Surveillance Program 
administered by NIOSH. Miners with CWP may exercise a 
right to work in a reduced dust environment of 1 mg/m3 

and have their exposures sampled more frequently. There 
is currently no screening or surveillance program directed 
toward the prevention of airways obstruction, which can 
cause significant morbidity among miners. Primary 
healthcare providers should consider performing periodic 
spirometry using techniques and equipment meeting the 
American Thoracic Society recommendations as a guide to 
care and education of patients exposed to coal mine dust. 
A drop of 15 percentage points or more from baseline 
'percent predicted' values of FEV1 should suggest the need 
for more intensive investigation and additional preventive 
interventions . 

In the years following adoption of the current coal mine 
dust exposure regulations, an average of over 2000 former 
miners have continued to die each year in the US with 
CWP as an underlying or contributing cause of death. 
Thousands of others suffer from significant airways disease 
caused, at least in part, by their coal mine dust exposure. 
There must be continued attention to early disease identi­
fication and preventive intervention in order to supple­
ment dust control efforts and prevent the continuing 
progression of these diseases. 

MAN-MADE MINERAL FIBERS 
Exposure settings 

Man-made mineral fibers (MMMF), also called synthetic or 
man-made vitreous fibers, include a variety of manufactured 
materials with excellent insulating properties. Not true 
minerals, they are amorphous silicates manufactured into a 
fibrous form. MMMF are grouped according to their origin 
into glass fiber (from glass), ceramic fiber (from kaolin clay), 
and mineral wool (from rock or slag). Increasingly used as 
asbestos substitutes, they have thousands of applications in 
industrial and non-industrial settings. They are used for 
thermal and acoustic insulation and plastic reinforcement 
in everything from buildings, ships, and automobiles, to 
home appliances, industrial kilns, and furnaces. 
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Managers and administrators 
Civil engineers 
Mechanical engineers 
Chemists (except biochemists) 
Electrical and electronic technicians 
Chemical and science technicians 
Production coordinators 
Warehouse clerks (receiving, recording, and issuing) 
Janitors and cleaners 
Supervisors (mechanics and repairers) 
Engine mechanics (aircraft, bus, truck, and stationary) 
Heavy equipment mechanics 
Industrial machinery repairers 
Mechanics (heating, air conditioning, and refrigeration) 
Brick masons and stonemasons 
Tile setters 
Carpenters 
Drywall installers 
Painters (construction and maintenance) 
Plasterers 
Plumbers (pipe fitters and steam fitters) 
Insulation workers 
Roofers 
Sheet metal duct installers 
Structural metal workers 
Boilermakers 
Sheet metal workers 
Plant and system operators 
Machine operators (grinding, abrading, buffing/polishing) 
Machine operators (metal, plastic, stone, and glass working) 
Packing and filling machine operators 
Slicing and cutting machine operators 
Crushing and grinding operators 
Oven operators (furnace and kiln) 
Assemblers 
Production manager (inspectors, checkers, and examiners) 
Production testers, samplers, weighers, and helpers 
Truck drivers (heavy and light) 
Crane and tower operators 
Industrial truck and tractor equipment operators 
Material moving equipment operators 
Construction laborers 
Stock handlers and baggers 
Vehicle washers and equipment cleaners 
Hand packers and packagers 

Table 46.4 Workers potentially exposed to man-made fibers 

Exposure to MMMF occurs during production, fabrica­
tion, and application of materials. Over 500,000 US work­
~rs are potentially exposed to MMMF (Table 46.4), and that 

. number is likely to increase. 

Environmental measurement 

The sampling protocol for MMMF is virtually identical to 
that for asbestos. The sample is collected on a filter for 
microscopic examination. The current literature indicates 
that in addition to biopersistence and durability, health 
effects relate to the length and diameter of the fibers; 
therefore, some size selectivity must be employed in either 
the sampling or analysis. The technique for asbestos 
sampling, as described earlier in this chapter, is the most 
common measurement technique. 

Clinical effects 

The health effects of MMMF are discussed in greater detail 
in Cha~ters 19.11 and 30.2. 

Acute effects 
Acute respiratory and skin irritation occur freque 
among workers newly exposed to mineral fibers. Irrita~tly 
has been reported most often in glass wool workers,' bu~. 
can result from contact with other fibers. Although usuaiJ;. 
self-limited, these problems may cause workers to -leave 
employment. 

Chronic effects 
Some studies have shown excess lung cancer risk in glau 
fiber and mineral wool production workers. Syntheu 
fibers vary widely in their physicochemical characteristicsc 
and carcinogenic potential most likely relates to the .. b10: 
persistence and solubility of inhaled fibers, with the most 
persistent and durable fibers - those most like asbestos _ 
posing the greatest risk. !ARC has recently reviewed the 
relevant scientific literature and concluded that the more 
biopersistent materials such as refractory ceramic fibers 
and some special-purpose glass wools are possible human 
carcinogens (!ARC Group 28). !ARC has reclassified the 
more commonly used vitreous fiber glass wool and slag 
wool as not classifiable as to their carcinogenicity (IARC 
Group 3).30 The US National Toxicology Program classifies 
ceramic fibers of respirable size as reasonably anticipated 
to be a human carcinogen.31 

Epidemiologic investigations have suggested that 
exposure to mineral fibers may be associated with the 
development of low profusions of chest X-ray opacities 
consistent with a diagnosis of pneumoconiosis in some 
workers. In addition, refractory ceramic fiber production 
workers have been found to develop pleural plaques and 
pleural thickening which increases with increased 
latency. 32 These asbestos-like effects suggest the possibility 
that other asbestos-like health effects, particularly lung 
cancer, could result from refractory ceramic fibers. Mineral 
fiber exposure may also increase the risk of chronic 
bronchitis. 

Clinical evaluation and management 

When workers newly exposed to MMMF complain of 
intense pruritus with a minimum of visible dermatologic 
changes, the etiology is readily apparent. At times, fibers 
can be seen microscopically after cellophane tape is 
pressed against exposed skin. Workers presenting with skin 
irritation from mineral fiber exposure should be encour­
aged to minimize exposure through use of appropriate 
protective equipment and should be reassured that the 
acutely troublesome symptoms are generally self-limited. 
Anti-pruritic medications may be of benefit to some. 

The approach to evaluation for chronic conditions asso­
ciated with mineral fiber exposure is similar to the assess­
ment of these conditions where there is no occupational 
exposure. A careful medical history, including a history of 
occupational and environmental exposures, forms the 
basis for care. Chest imaging to exclude other acute or 
reversible disease processes is indicated. Spirometry and 
possibly other measures of pulmonary function provide 
diagnostic and prognostic information. 



There are no specific interventions uniquely beneficial 
for individuals with cancers that may be associated with 
mineral fiber exposure. Chronic bronchitis and airways 
obstruction should be approached in the usual fashion. 
Management should include reduction or elimination of 
adverse pulmonary exposures, including workplace dusts 
and tobacco smoke. Symptomatic treatment, reversal of 
reversible or intermittent airways obstruction, and infec­
tion control are also important. In the case of moderate­
to-severe disease, referral to patient and family support 
and education programs may be helpful. 

Disease prevention 

Primary prevention 
Given the classification of MMMF as potential human 
carcinogens by IARC, mineral fiber exposure should be 
limited to the extent feasible by technology. This can be 
done by several standard techniques. Where possible, 
substitutes should be used in place of the MMMF. This is 
often difficult since these products were, in many cases, 
replacements for asbestos. Lacking alternative materials, 
engineering controls to contain the source of exposure 
become the next best approach. When the process cannot 
be fully controlled, the worker must be isolated from the 
process generating the dust. Finally, the worker may be 
isolated by use of respiratory protection equipment. For 
uncontrolled exposures to RCF, as with asbestos, the 
appropriate type of respirator could be an air purifying or 
self-contained breathing apparatus (SCBA) with a full face­
piece, operated in a pressure demand or other positive 
pressure mode. Respirators should be used with a complete 
respiratory protection plan. Administrative controls can 
also be used to reduce exposures by limiting the amount of 
time a worker spends in a contaminated environment. 

'Administrative controls need to be coupled with personal 
samplers on the workers to closely monitor exposures and 
assure the maximum level of exposure is not surpassed. 

Secondary prevention 
There is no consensus approach to screening or surveil­
lance of MMMF-exposed workers. However, in light of 
concern about asbestos-like effects, it would be prudent to 
iclosely monitor these workers for pulmonary health 
,.~ffects. The level of health risk from MMMF exposure most 
likely varies depending on the intensity and duration 
.Of exposure as well as with the specific physical and chem­
ical characteristics of the fiber. Until the specific risks are 
better defined, a generic approach to surveillance of 'fiber­
exposed' workers is reasonable. Baseline and periodic respi­
ratory symptom questionnaires, spirometry, and chest 
radiographs should be offered. Since the diseases of 
C~ncern have long latency, the frequency of observation 
$hould increase in each decade following first exposure. 
~eful collection and retention of exposure data should 
ij:iake future screening more productive as new knowledge 
· ~in ongoing systematic observation of occupational 

horts becomes available. 
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