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I am Mr. Edward J. Baier, Deputy Director of the National Institute for
Occupational Safety and Health (NIOSH) administered by the Center for Disease
Control within the Department of Health, Education, and Welfare. With me
today are: Dr. Joseph K. Wagoner, Dr. Peter F. Infante, Dr. Robert N. Ligo
and Dr. Victor E. Archer, Division of Surveillance, Hazard Evaluations and
Field Studies; Dr. David He. Groth, Division of Biomedical and Behavioral
Sciences; Dr. Janet C. Haartz and Mr. John Sheehy, Division of Physical
Sciences and Engineering; Dr. Douglas L. Smith, Division of Criteria
Documentation and Standards Development, and Mr. Robert He. Schutz, Testing and
Certification Branch.

We welcome this opportunity to appear here today to discuss the effects of
occupational exposure to beryllium upon human health, including the results of
recent studies conducted by NIOSH.

Since the early 1940s, evidence increasingly has demonstrated the presence
of beryllium—induced non-neoplastic respiratory diseases (berylliosis) and
their sequelae among workers employed in industries producing and using
beryllium and its compounds+. Cases of berylliosis also have been
identified among individuals living near these industrial facilitiesl. This
accumulation of evidence led to a NIOSH recommendation, transmitted as a
criteria document to OSHA in 1972, that occupational exposure to beryllium be
limited to 2 micrograms of total airborme particulate beryllium per cubic
meter of air (2 ug Be/m3) based on an 8-hour time weighted average
(TWA)2, In addition, NIOSH recommended at that time that no worker be
exposed to peak concentrations of beryllium in excess of 25 ug Be/m> based
on thirty minutes sampling periods. That standard was recommended with the
belief that it would "prevent the development of acute and chronic
non-neoplastic respiratory disease in workers exposed to beryllium.” That
standard was not recommended with the stated belief that it would prevent
beryllium—induced cancer, as the human studies available at that time were
judged to be contradictary, and thus NIOSH concluded that the human evidence
did not support animal studies demonstrating beryllium to be a carcinogen.

In 1975, OSHA requested NIOSH to re—evaluate the information available on
the adverse health effects of occupational exposure to beryllium and to advise
OSHA of the results of that re—evaluation. After a thorough review and
evaluation of the most pertinent studies considered in the 1972 document and
papers published during the three years since that document, NIOSH on
December 10, 1975, transmitted its recommendations that beryllium posed a
carcinogenic risk to man and that occupational exposures, therefore, should be
reduced to a minimumZ,

Since 1975 additional data have been generated which further document the
carcinogenicity of beryllium amoung humans. As a result of this collective
evidence, NIOSH now recommends that occupational expoure to beryllium be
controlled so that no worker will be exposed in excess of 0.5 ug Be/mS.

We believe that a review of the adverse non-neoplastic health effects of
beryllium have been sufficiently presented by OSHA so that repetition at this
point is unnecessary. We will address issues in this testimony which we
believe to be important for consideration by OSHA for the permanent standard
on beryllium.



Probably no compounds known to man give so consistent a carcinogenic
response in so many animal species as do the compounds of beryllium. At least
20 different beryllium compounds, ranging from beryllium metal to
beryllium—containing fluorescent phosphors, have been tested for their
carcinogenic effects in animals. Almost without exception, these chemicals
have induced metaplasis (pre-cancerous lesiops) and/or cancer in the species
tested, including the rat, rabbit and monkey3’4’5’6’7. In addition,
numerous studies have repeatedly shown berylliuim to be carcinogenic by
several routes of administration, i.e., inhalation; intravenous,
intraperitoneal and subcutaneous injection; and intratracheal instillatiom.
These tumors have metastasized and have been successfully transplanted, thus
further substantiating the carcinogenicity of beryllium as well as indicating
its high degree of malignancyss 2057,

Some beryllium compounds have been shown to cause lung cancer at doses
lower than that for any other pulmonary carcinogen. Inhalation exposures to
beryllium sulfate at 39 ug Be/m3 for six months” and 2.8 ug Be/m3 for 18
months10 have produced pulmonary cancer in rats. A single injection of only
40 ug of beryllium as beryllium hadroxide induced lung cancer, and only 4 ug
of beryllium produced metaplasial + Based upon these observatioms,
beryllium compounds are considered to be among the most potent carcinogens
that have ever been tested in animals.

Hardy et alJ.l in a clinical review of the Beryllium Case Registry data
reported that there was no Registry evidence as of 1967 that beryllium caused
cancer in humans. Recognizing major deficiencies in the Registry for
evaluating the carcinogenicity of beryllium, the authors urged a prospective
studzzof workers employed in the beryllium industry. Bayliss and Lainhart in
1972+« reported no significantly increased risk of respiratory tract cancer
among workers employed at two beryllium production facilities. This study
likewise was subject to multiple limitations. First, the study group
consisted not only of workers directly engaged in the production of beryllium,
but also individuals engaged in clerical, sales, and administrative activities
at either of these two facilities. Second, the study group was defined using
records submitted by industrial representatives with no independent scientific
assessment of the plant employment files or other record systems to insure the
exhaustive inclusion of all individuals having been employed at the facilities
studieds Third, by definition, the study provided little opportunity to
scientifically assess the potential carcinogenicity of beryllium at 20 or more
years since omnset of exposure, that time period previously shown in studies of
other agents to be associated with the detection of a carcinogenic risk.
Fourth, the study used rates from the entire U.S. white male population to
generate expected deaths, with no consideration given to the fact that the
ma jority of the study group were residents of Berks County, Pennsylvania, a
geographic area having a’lung cancer mortality rate significantly lower than
that of the U,S.

In 1969, Mancuso and El-Attarl3 reported that individuals employed in
two beryllium production plants during 1937-1948 and followed through 1965
experienced an increased risk of lung cancer when contrasted with rubber
workers followed over the same period of time. More recently, rubber workers
themselves have been shown to be at an increased risk of cancer, including
bronchogenic cancer, thus the previously reported excessive risk of lung



cancer among beryllium production workers was an underestimate of the true
riskl4:15»1§:17. In 1970, Mancusol8 further reported on the role of
beryllium~induced bronchitis and pneumonitis in the etiology of lumg cancer
among beryllium production workers. In this study, among 142 cases of
beryllium-related bronchitis and pneumonitis identified during 1940-1948, six
deaths due to lung cancer subsequently occurred, for an age-ad justed lung
cancer mortality rate of 284.3 per 100,000 population. This rate when
contrasted with 77.7 for all white males employed in the same beryllium
production facility during 1937-1948, led the author to conclude "prior”
chemical respiratory illness influences the subsequent development of lung
cancer among beryllium workers. More recently, Hasan and Razemil% reported
an increased risk of death due to lung cancer amoung 53 males who, since 1965,
were entered into the Beryllium Case Registry because of berylliosis. Within
the past month, Bayliss and Wagoner20 reported a statistically significant
Increased risk of death due to bronchogenic cancer, non-neoplastic respiratory
disease and heart disease among white males occupationally employed in a
beryllium extraction, processing and fabrication facility during 1942 through
1967 and followed through 1976. The excess of bronchogenic cancer was most
marked after 25 years since onset of beryllium exposure and occurred
irrespective of the duration of employment. This increased risk of
bronchogenic cancer could not be attributed to cigarette smoking and was an
underestimate of the true risk experience by beryllium production workers due
to the choice of the control population and the statistical treatment of
individuals lost to follow—-up.

Additional analyseszl demonstrated that the increased risk of
bronchogenic cancer among workers occupationally exposed to beryllium
persisted for those individuals initially employed in 1950 or later, that time
period during which the Atomic Energy Commission limit of 2 ug Be/m:§ was 1in
effect. More recently, Mancuso22 using records derived from the Social
Security Administration, demonstrated an increased risk of bronchogenic cancer
among workers at each of two beryllium production facilities, ome in Ohio and
one In Pennsylvanja. This Increased risk of bromnchogenic cancer at each
facility was most marked after 15 years since onset of beryllium exposure.

Infante et al.23 demonstrated no Increased risk of bronchogenic cancer
among 418 white males enrolled alive in the Beryllium Case Registry (BCR)
during January 1, 1952, through December 31, 1975. The inability to
demonstrate an increased risk of bronchogenic cancer among individuals
diagnosed with beryllium disease was largely a function of the high case
fatality due to non—neoplastic respiratory disease. This was demonstrated by
an 18-fold excessive risk of non-neoplastic respiratory disease deaths, the.
large majority of which occurred within 15 years since emrollment into the BCR.

The reports of Bayliss and Wagoner and of Mancuso are confirmatory of
earlier animal bioassay and human epidemiological studies showing beryllium to
be a carcinogen.

In view of the cumulative evidence presented, NIOSH recommends that
beryllium be classified as a carcinogen. Since no safe level has yet been
demonstrated for a carcinogen, NIOSH further recommends that beryllium be
controlled as low as possible in the industrial setting so as to materially
reduce the risk of cancer.



In the subsequent portion of this testimony, NIOSH will address issues for
the OSHA permanent standard on beryllium. OSHA has not recommended a specific
method of measurement for assessing compliance with permissible units of
airborne concentrations or employee exposure to beryllium. A slight
modification in the sampling and analytical method recommended in the NIOSH
criteria document is indicated. NIOSH recommends that the method of
measurement of employee exposure be collection of personal samples on
cellulose ester membrane filters followed by flameless atomic absorption
determination of the total beryllium in the sample. This method has been
evaluated by NIOSH over the range of 2.68-11.84 ug Be/m3 using a 40-liter
air sample. The precision and accuracy of the method were determined to be
within +25% of the "true” value at the 95% confidence level?4, The data
indicate that this method would be satisfactory for the measurement of air
concentrations of 0.5 ug Be/m3, providing that a 220 liter (130 minutes at
1.7 liter per minute) air sample was collected.

Numerous published reports document envirommental concentrations of
beryllium in beryllium processing and manufacturing facilities. Schulte2’
reported environmental concentrations of beryllium in a beryllium machine shop
which Included lathes, a mill and a surface grinder. Of 1,271 air samples
collected from 1952 through 1960, 98% contained less than 1.0 ug Be/m3, and
91% contained less than 0.2 ug Be/m3. During the last two years of this
study (1959-1960), beryllium concentrations were even lower, with 96% of the
samples containing less than 0.2 ug Be/m3. More recently, NIOSH found no
detectable concentrations of beryllium in a survey of a plant machining
precision metal parts, including beryllium26,

In a NIOSH survey2?, personal gross air samples of 39 workers at a '
beryllium production plant showed average beryllium concentrations greater
than 2 ug Be/m> for 28 of the workers. In a second plant that produces
beryllium metal and fabricates it, personal gross air samples of 17 workers
were taken2’/, Of these 17, all but one showed a beryllium concentration
greater than 2.0 ug/m3. In a third plant which produces beryllium copper,
the beryllium concentrations by the gross personal sample method averaged
greater than 2.0 ug/m3 for five of the 12 workers2/., A more recent
study28 of one of the above beryllium production facilities showed that the
average beryllium concentration in four of five areas evaluated exceeded 2
ug/m” with one area averaging 13 ug/mS.

These environmental data clearly show that the three existing beryllium
production facilities in the United States not only have exceeded the NIOSH
proposal of 0.5 ug Be/m3 but also during the recent past have exceeded the
current OSHA standard of 2 ug Be/m3 promulgated in 1971. As such, NIOSH
does not consider emnvironmental data from these beryllium production X
facilities appropriate to evaluate feasibility of engineering control. NIOSH
believes that in these several beryllium production facilities, application of
existing engineering control technology would contribute to significant
reduction of beryllium concentrations. In contrast, beryllium machining
operations already having applied existing engineering control technology are
currently at or below both the existing OSHA standard and the NIOSH proposed
standard of 0.5 ug Be/mS.

In proposing a standard NIOSH recognizes that in each beryllium operation
the amount of beryllium emitted to the workplace air during the course of a
day or w2ek or year is variable. For example, in one area of a beryllium
productimn facility the average beryllium concentration on 105 samples taken



over a 12 month period was 5.2 ug/m3 while the standard deviation was 10.73
ug/m3 28, This variability inherent in beryllium operations means that
engineering and work practice controls should be designed to meet a
concentration well below the proposed standard to ensure that the standard is

not exceeded.

The use of engineering control is the primary method for keeping exposure
at or below the environmental standard. Such control may include new process
systems; redesign of processes to remove the worker from the process;
enclosure of process equipment; local exhaust ventilation with a balanced
make—up alr supply; and low volume-high velocity vacuum pickup points.

In addition to the use of engineering control, work practices for reducing
beryllium exposures in the workplace at or below the proposed standard should
be instituted. Work practice control may include: vacuum cleaners or water
spray cleanup methods; separate locker—rooms for street clothes and work
clothes; adequate showering facilities; provisions for a decontamination
chamber for beryllium contaminated equipment requiring maintenance;
tight-fitting beryllium transfer operations; moving beryllium contaminated
equipment about in enclosures; and designing containers for beryllium with
adapters so that a tight seal can be formed during beryllium transfer steps.
To be effective, work practices must be clearly explained and carefully
supervised.

Where engineering and work practive controls do not reduce beryllium
exposures to or below the emnvironmental standard, respirators must be worn.
The use of respiratory equipment should be permitted only until engineering
and work practice controls can be implemented which reduce the beryllium
exposure In the workplace at or below the environmental standard and should be -
mandated during maintenance of operations. The employer should not rely on
the use of respirators as a control, since these will not reduce the beryllium
concentrations in the workplace. A list of the recommended respirator
requirements for the permanent beryllium standard is submitted for the
record??. 1In addition NIOSH recommends that the Medical Surveillance
Section of the OSHA propogsed standard be revised. A recommended revision is
submitted for the record30, In keeping with the principles of medical
surveillance, NIOSH further recommends that OSHA require all known and
suspected cases of beryllium-related respiratory diseases be reported to the
Beryllium Case Registry.

Finally, because beryllium is a carcinogen, NIOSH recommends that this
danger be prominently displayed on all warning signs, placards and labels.
Training programs should also be initiated to fully inform employees of the
hazards related to beryllium exposure.

Reports and other items referenced in this NIOSH testimony have been
submitted for the hearing record.

We are now ready to answer questions.
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