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The first of the several types of respiratory tract disease to be observed among 
xyllium workers was chemical pneumonitis, reported from Europe in the mid- 
330s (Geiman, 1936). The disease was then thought to be due to exposure to 
lions such as the fluorides and sulfates involved in beryllium production, rather 
an the metal itself. This was understandable at the time, considering the innocu- 
is position of this metal in the periodic table of the elements, and the negative 
sults of early animal exposures (Hyslop et al., 1943). 
The acute forms of beryllium disease in the  United States were first published in 
’1 y Van Ordstrand, who reported that a severe form of chemical pneumonitis 
as occurring among the employees of beryllium extraction plants in Ohio (Van 
rdstrand, 1943). His observations coincided with reports of a chronic form of 
ng disease in Massachusetts factories that used beryllium in fluorescent lamp 
anufacturing (Hardy and Tabershaw, 1946). 
The first general review of beryllium disease was at a symposium held in Sep- 
mber 1947 at Saranac Lake, New York, (Vorwald, 1950). A total of 40 cases of 
ironic disease, including seven or more deaths and about 500 cases of acute 
sease, with about one dozen deaths, had by then been reported in the United 
ates. The number of cases was destined to increase in the months ahead. 
The Saranac symposium marked a turning point in the history of beryllium 
sease in two important respects: (a) it was the first time that the complicated 
x e s  of what was then called a “gigantic jigsaw puzzle” (Shipman, 1950) were 
ported at a scientific conference; and (b) a number of newly developed proce- 
:res for the chemical analysis of beryllium in air and tissue samples were pre- 
nted that made it possible to begin quantitative investigations in the field and 
>oratory (Durkan, 1950; Poritsky, 1950). The Saranac Lake symposium was also 
portant because it set the stage for intensive field and laboratory studies that 
:re initiated immediately following the conference by the newly formed Atomic 
iergy Commission. 
The field studies were undertaken mainly by the staffof a unit that later became 
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the AEC's Health and Safety Laboratory, located in New York City.' &, 
Leonard Goldwater, then of Columbia University School of Public Health, agreed 
to undertake an AEC-sponsored case-finding program in the Ohio and Pennsyl- 
vania communities where the three U.S. beryllium production plants were lo- 
cated. The University of Rochester also played a key role by undertaking AEC- 
sponsored animal investigations, by continuing the development of analytical pro- 
cedures, and by serving as a center for clinical studies. 

It soon became evident that the AEC investigations could best be accomplished 
by concentrating on two Ohio communities. the city of Lorain where the Brush 
Beryllium Company (now Brush Wellman, Inc.) was then located, and Paines- 
ville, Ohio, the site of the former Clifton Products Company. Information from the 
fluorescent lamp plants in Massachusetts and the large beryllium production facil- 
ity in Pennsylvania was utilized as it became available, but Ohio had the important 
advantage that active cooperation was provided by the management of the two 
companies and the State Health Department under Commissioner Charles Porter- 
field.2 

When the AEC field studies began, it was thought that only the acute forms of 
beryllium disease had occurred among workers at the production plants. How- 
ever, by the end of 1947 it was realized that chronic cases had occurred, but had 
gone unreported due to the general unfamiliarity with the disease that then 
existed. However, chronic cases were as yet few in Ohio, compared to the much 
larger numbers of acute cases that had been reported. In contrast, employees 
involved in the manufacture of fluorescent lamps (as distinct from the preparation 
of the phosphors used in the lamps) had not experienced the virulent acute chemical 
pneumonitis seen in the production plants, but an epidemic of chronic disease was 
well underway. The complexities of the epidemiological pattern as it then existed 
have been described (Sterner and Eisenbud. 1951). 

INVESTIGATION OF THE ACUTE DISEASE 
During the first weeks of the field studies it was found that the acute respiratory 

tract effects being reported were from exposure to beryllium oxide and hydroxide, 
as well as to the acid salts of beryllium, such as the sulfate, fluoride, and chloride. 

' The AEC's Health and Safety Laboratory was formed in 1947 and had its ongin in the Medical 
Division of the New York Operations Office. The late Dr. Bernard Wolf, a radiologist. was then 
Director of the Division, and the writer was Chief of the Industrial Hygiene and Safety Branch, then in 
the process of formation. When Dr. Wolf retired in 1949. the Medical Division was renamed the Health 
and Safety Division (later the Health and Safety Laboratory), and the wnter was named Director. 
Christian F. Berghout and A. J .  Breslin participated in the early field studies, as did the late W. 9. 
Hams .  H a m s  and Breslin later played major roles in developing the methods by which the stringent 
standards were to be implemented. The chemical analyses required in suppon of the field studies were 
performed by L. T. Steadman of the University of Rochester until the AEC laboratories in New York 
were completed. The laboratory still exists, but its name has been changed recently to the Environ- 
mental Measurements Laboratory and. with the demise of the AEC.  it is located within the Depart- 
ment of Energy. 

* One of the obstacles in Pennsylvania was the reluctance of the incumbent Commissioner of Health 
lo accept that beryllium was toxic (Shilen c! a / . .  1944). In this respect he was influenced by the U.S. 
Public Health Service Bureau of Occupational Health. which until late I949 held to the position that 
beryllium was of itself not toxic. 
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However. there was a puzzling inconsistency: workers at the Lorain plant of 
Bmsh Beryllium Company w h o  were exposed to high concentrations of beryllium 
oxide did not develop acute disease, whereas many acute cases had developed, 
including several fatalities, among employees exposed to the oxide at the Paines- 
ville plant of Clifton Products Company. Both plants produced oxides of high 
chemical purity, and there were initially no apparent differences in their prop- 
erties. 

An inquiry was made of acute cases reported among users of beryllium oxide in 
the United States and it was learned that, with one important exception, all of the 
cases of acute disease had been exposed to the oxide produced by Clifton Prod- 
ucts. The exception occurred in the laboratory of a large electrical manufacturer, 
where beryllium oxide was routinely purchased from Brush Beryllium, but a fatal 
acute case had nevertheless developed. This seemed to assign the then-apparent 
association of the acute cases with Clifton oxide to the domain of coincidence; but 
the company industrial hygienist, who was familiar with the progress of our 
studies, took the time to examine the company's purchasing records and found 
that Clifton oxide was used for a brief period, during which time the acute case 
occurred . 

Further examination of the comparative properties of the two oxides disclosed 
that the specific surface area of the Clifton oxide was higher than the Brush 
product. This was determined to be due to the fact that the Clifton oxide was 
produced at a lower temperature and, as a result of its smaller particle size and 
greater specific surface area, was more reactive chemically, and therefore more 
toxic. Further studies showed that oxides produced above 1540°C do not demon- 
strate acute toxicity. 

This development helped to unravel a mystery in the laboratory as well. The 
University of Rochester investigators had reported that beryllium oxide was not 
acutely toxic in rats, but they had been using the Brush oxide. Chemical 
pneumonitis was produced in the rats when they were subsequently exposed to 
Clifton oxide (Hall ef a l . ,  1950). No "low-fired" beryllium oxide has been pro- 
duced in the United States since 1948. 

Anecdotal evidence was being accumulated from conversations with plant 
workers and supervisors that cases of pneumonitis were often associated with 
accidental massive exposure. This was supported by detailed case histories. Con- 
firmation came fortuitously when, in the course of our plant surveys, we found 
ourselves in a room in which an experimental furnace, during its first test run, 
suddenly discharged a large puff of a heterogeneous fume consisting of the fluo- 
rides of ammonia, magnesium, and beryllium. Air samples collected during the 
episode made it possible to estimate the concentrations to which eight employees 
located in the room were being exposed. Within 3 days, three of the employees 
developed symptoms of respiratory system effects and one of the cases pro- 
gressed to pneumonitis (Eisenbud er al . .  1948). 

The importance of short pulses of high exposures led to the realization that it 
might be necessary to establish two threshold limit values (TLVs) because the 
limit based on daily weighted average exposures might not be adequate to protect 
against brief pulses that would be capable of causing acute disease, but would be 

( 
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of insufficiently long duration to have a significant effect on the daily Weighted 
average required to control the chronic disease. 

Since beryllium sulfate was believed to be one of the most virulent beryllium 
salts, special attention was given to the history of a group of employees who had 
been working with beryllium sulfate for a long period of time, but who had no 
history of respiratory illness of any kind. These men had been employed under 
fairly stable working conditions, and there was little reason to believe that there 
had been any change in their levels of exposure which, according to our rnea- 
surements, should not have exceeded 15 &m3 of air. The cases we investigated 
were associated with concentrations greater than 100 pg/m3. It was decided that, 
for control of the acute disease, a TLV of 25 p*g/m3 would be proposed as the 
maximum permissible peak exposure. It should be noted that this was intended as 
a maximum peak value, rather than a permissible average concentration. 

In March 1948, about 6 months after the studies began, a progress report was 
prepared for the use of the Atomic Energy Commission and its contractors (AEC, 
1948a). which concluded that 

I 

the acute cases seem to be associated with beryllium concentrations in excess of 0. I mdm of 
air. We suggest that 0.025 mg/m be used as a guide for control of the acute disease. We are not 
prepared to suggest a safe level for protection against the chronic disease. but i t  will undoubt- 
edly be much lower than the figure suggested for the acute disease. 

The report was presented at the spring meeting of the American Industrial 
Hygiene Association in 1949, but reference to the TLV for control of the acute 
disease was omitted from the published paper because of, as recently noted 
(Hardy, 1980), the objections raised by a consultant to the Commission who was 
present at the meeting. The recommendation made in the original report was 
nevertheless sent to all AEC contractors for their guidance (Eisenbud. 1949) and 
was subsequently adopted by the ACGIH and other organizations; its application 
has eliminated the acute form of disease. 

THE ''NEIGHBORHOOD'' CASES 

Until late 1947, it was not known that cases of chronic disease had occurred in 
the Ohio production plants, but evidence then accumulated rapidly that such cases 
existed among both employees and residents in the vicinity of the Lorain plant. 
One case developed symptoms in 1944. and died in 1946 with a diagnosis of 
Boeck's sarcoid (AEC, 1948b), a granulomatous lung disease that resembles be- 
rylliosis in some respects. The physician who reviewed the history of that case in 
the fall of 1947 changed the diagnosis to berylliosis, in view of what had been 
learned about the disease in other parts of the country. The AEC field investigat- 
ing team, with the knowledge and encouragement of the Brush Beryllium Com- 
pany, began to canvass the local physicians and gather information about these 

I cases. By July 1948 it was- kwwn that at least five cases of&ronic disease had 
developed among former employees of the plant and that eight cases were known 
a m o n i T e ? i f 6 T f Z ~ e n i i ? o  had no history of o c c u i a f i 6 i n m o s u r e  (Dustan, 

f- 
I 
, -- - 

1948). The factthat cases had developed in the general communlty was particu- 
larly worrisome. On the initiative of the  Brush  Beryllium Company, the matter 
was discussed with Dr. Charles Porterfield. who was then Commissioner of 
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Health for the State of Ohio, and it was decided that the residents of Lorain should 
be X-rayed, with provision for further studies of residents with evidence of lung 
abnormalities. A mass X-ray program was soon undertaken under the direction of 
Dr. Thomas Mancuso, who was at that time on the staff of the Ohio Health 
Department. More than 6000 Lorain residents were X-rayed, of whom 12 were 
recalled for full clinical study. Three additionalcases of berylliosis were diagnosed 
among this group, raising the known cases ta, 11. ' 

Air sampling in the vicinity of the Lorain plant began in January 1948. The first 
measurements were made using a mobile sampling station to measure the falloff of 
atmospheric beryllium downwind from the plant under normal conditions of oper- 
ation. The concentrations of beryllium were found to decrease from 9.2 ,ugh3 at 
0.25 mile from the stack to 0.003 &m3 at a distance of 5 miles. 

- ~ a m p ~ w e ~ ~ o l l e E t e a a t - . s e v e ~ ~  f ixd  -mon3o-iirstationS in the L--- 

vicinity of the plant during 10 weeks of normal plant operation. The first four 
stations were installed within 700 ft of the plant and a f i th  station was established 
at a distance of 7000 ft to serve as a control. 

The results of a I0-week sampling program indicated that the ex-pQsures. E r e  
surprisingly low. Because there was no precedent for believing that such low 
concentrations of a metal could be responsible for severe pulmonary disease, we 
were of the opinion that reconstruction of past conditions would reveal that much 
higher concentrations probably existed. With this in mind, a study was undertaken 
of the plant operating history to estimate the concentrations that may have existed 
in past years. Variations could have been due to: (1) the quantity of beryllium 
being produced; and ( 2 )  changes in the method of decontaminating the ventilated [,, , L,( ,,, -% ,: 
air; or (3) other changes in the process. 

The Lorain plant began commercial production of beryllium in 1941 and it was 
found, from examination of the production records, that there had been no great 

plant had then been in operation. Production during the peak war years was no 
more than twice that during the period when our measurements were made. 

I t  was far more difficult to account for changes in the ambient concentrations 
that might have resulted from changes in the methods of processing exhaust air. 
At  the time of the study, the effluents were being discharged mainly from a 185-ft 
stack and a number of rooftop stacks approximately 33 ft above street level. Our 
knowledge of diffusion from point sources was not nearly so well developed then 
as now, but Sutton had published his classic work the previous year (Sutton, 
1947). and Bosanquet and Pearson had published a model in 1936 (Bosanquet and 
Pearson, 1936). With the cooperation of the U.S. Weather Bureau, an able mi- 
crometerorologist, Raymond C. Wanta, was assigned to our project, and he pre- 
pared estimates of the relative contributions of pollution from the 33- and 185-ft 
point sources. Since it was shown that the impact of the 33-ft source was far 
greater than that of the 185-ft source, it was apparent that atmospheric contami- 
nation in the immediate vicinity of the plant, where most of the cases occurred, 
would have been markedly increased in the past if a greater portion of the atmo- 
spheric water had been discharged from roof level (about 33 ft), rather than from 
the 185-ft stack. 

-. ----I 
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difference in the amount of material processed during the 7 years in which the ?/ 
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An effort was then made to reconstruct the relative contribution from emissions 
from the two levels. Fortunately, the plant records were well maintained, and i t  
was possible to obtain a layout of the plant ventilation system as well as a list of 
dates when changes in the ventilation system were made. The volume of air and 
quantity of beryllium being exhausted from each operation were measured along 
with the collection efficiency of the dust separators. The records showed that the 
plant effluents had been reduced from time to time by the installation of various 
kinds of dust collectors and that, over the operating history of the plant, the 
quantity of beryllium discharged from the 33-ft level was gradually reduced by 
connecting individual vents to the 185-ft stack. I t  was estimated that prior to 1944, 
the rooftop discharges totaled 5000 g/day, compared to 1700 @day from the 185-ft 
stack. By the time the studies were conducted in early 1948, the rooftop effluents 
had been reduced to 1200 g/day, and the 185-ft stack effluents to 2300 g/day. On 
the basis of this information, it was concluded that the concentrations in the past 
were higher, &by no more than a factor of 8, than the concentration measured 
during the 10-weecair-sampfing pefiod.-This factor allowed for increased produc- 
tion as well as for greater roof effluent (Eisenbud er af., 1949). 

By late 1948, a total of 11 nonoccupational cases had been diagnosed and 
located with respect to the plant as summarized in Table 1. The next step was to 
reconstruct the 7-year exposure history of each of the 11 cases. Interviews with 
the surviviors and their families disclosed that 10 of the cases lived within'0.7S 
mile from the plant and that no members of their households had worked in the 
plant. However, the husband of the eleventh case, located at a distance of nearly 
1.75 miles had worked in the plant for 3 months, and during this period had 
brought his work clothes home daily, for laundering by his wife. To simulate such 
exposure, 100 coveralls worn for 1 day by employees of this plant were obtained, and 
air samples were collected during the home laundering process. Those were days 
when modem washing machines were not available, and the procedure required 
that the clothes be shaken, hand scrubbed, hung to dry, shaken again, and folded. 
It was found that exposure to the employee's wife was, on average, greater than 
air-pollution exposure to the residents who lived close to the plant (Eisenbud et 
al . .  1949). I t  was accordingly concluded that the 10 cases within 0.75 mile from the 
plant were caused by air pollution, but that the case living 1.75 miles from the 

i 

TABLE 1 
DISTRIEUTION OF T H E  NEIGHBORHOOD C A S E S  IN MID-1948 

Distance from plant 
(miles) N o .  of cases 

0 to vi 5 
93 to !4 3 
M to k 2 
44 to I 0 
I to 1% 0 
I'h IO 2 I 
Over 2 0 

(Eisenbud C I  d., 1949). 
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plant was due to handling contaminated work clothes. On this hypothesis, i t  
became important to estimate t h e  average concentration to which people at a 
distance of 0.75 mile had been exposed, since this could serve as the basis for 
establishing an ambient air qual i ty  standard. 

Wind direction and wind speed data were available from a nearby Coast Guard 
station for a period covering the plant’s operating history. The vertical tempera- 
ture gradient was measured by equipment installed when our study began. Using 
the estimated emission rates from the 33- and 185-ft levels during the period when 
air samples were collected, the observed concentrations were found to be in 
reasonable agreement with those predicted by diffusion theory. This permitted 
interpolation between the one station located 7000 ft from the stack and the three 
stations located within 700 ft of the stack. In this way, it was estimated that during 
the 10-week test period, the average concentration of beryllium at a distance of 
0.25 mile fanged between 0.004 and 0.02p.g/m3. It was concluded that 0.01 pg/m3 
was a satisfactory approxLation of the average 0.75-mile concentration during 
the period of study. When the increased production rates of the past were taken 
into consideration, and allowance was made for the much greater discharges from 
the 33-ft level, the concentrations were estimated to have been greater in the past 
by approximately a factor of 10. Using this line of reasoning, it was concluded that-. 
the lowest exposure that produceTdisease wasgreater than 0.01 &m3 and proba- 
bly less than 0.1 &m3. The factor of 10 was reasonabE in view o f f h e ~ t i n ~  

+history of the plant, but a factor of 100 was impossible since this would have 
required that the discharges to the atmosphere be considerably greater than the 
amount of beryllium produced. 

On the basis of these studies, it was recommended that the concentration of 
beryllium in community air be maintained below 0.01 pg/m3 (Eisenbud el ai.. 
1949). It was noted that most of the offending beryllium in this case came from the 
33-ft level, from which several thousand grams per day were being discharged for 
a considerable period of time. Emissions of this magnitude are possible only in the 
vicinity of a major production facility. The studies also emphasized the impor- 
tance of avoiding exposure of family members via contaminated work clothes. 
The recommended standard was widely adopted by regulatory agencies and has 
now been adopted as a U.S. Environmental Protection Agency air quality crite- 
rion. It was the first ambient air quality standard, and preceded all others by about 
2s years. 

-- -.__- ._ - _ _ _  

THE OCCUPATIONAL TLV 

By mid-1948 a few cases of chronic disease were found to exist among 
employees or past employees of the Brush Beryllium Company. No cases were 
reported from the Painesville plant, where a high incidence of acute disease was 
known to be p r e ~ a l e n t . ~  There was no  discernible pattern in the occupational 
histories of the Lorain cases. Most of the then-known cases of chronic disease 

At this wnting, about 30 bears after the Painesville plant was closed. there is no record of achronic 
case having occurred Recent inquines among physicians familiar with beryllium disease in the Panes- 
ville area disclosed the possible occurrence of one case, but details are lacking. 

1 
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were from the fluorescent lamp industry in Massachusetts, but no  air analyses 
were available. 

In a 1961 review of the problem of setting a standard for control of the chronic 
disease, I described the dilemma faced in 1948 as follows: 

There was not then. nor is there today, any substantial body of environmental information 
that could be correlated with clinical reports o f  occupational berylliosis. and such data as do  
exist are puzzling. In  the vicinity o f  the Lorain plant, a clear-cut relationship between the 
severity of exposure and the frequency o f  disease was demonstrated. The people living n e a r  
the plant had a higher incidence of chronlc isease than pzople living a m s t a n c e  from the 
p c Z n d  E ~ o n i a - c T r t a h  distance !here were no ad&iQnal cases. . ~. However, inside the 
plar%Fthe people who were exposed to much higher concentrations had a lower frequency o f  
disease and, oddly, some o f  these cases were of the quasi-occupational type, which included 
secretaries and others who had only casual contact with beryllium. (Eisenbud. 1961) 

..-~ - .  .. -- 

The late Willard Machle was then actively involved in beryllium studies, that 
regrettably remain unpublished, in the fluorescent lamp industry. In consultation 
with him, it was decided, in late 1948, that because of the absence of an epidemi- 
ological basis for establishing a TLV, we would start with the assumption that 
beryllium was as toxic as some of the heavy metals, such as arsenic, lead, and 
mercury. However, since the heavy metals have atomic weights of about 200, and 
since beryllium has an atomic weight of 9, the TLV would have to be reduced by a 
factor of about 20 relative to the heavy metals. Since the heavy metal TLVs in 
those days were about 100 pg/m3, this rationale suggested that when corrected for 
differences in molarity, the TLV for beryllium should be about 5 pg/m3. However, 
we though that an additional safety factor was warranted because of the severity 
and apparent irreversibility of berylliosis, and we decided to recommend 2 pg/m3 
on a tentative basis. 

DISCUSSION 
The above studies covered a period of about 2 years. The three recommended 

standards were adopted for the tentative use of the AEC contractors in late 1949 
(Eisenbud, 1949). An advisory Committee of AEC consultants and staff was as- 
sembled to review the rationales on which the proposed standards were based and 
supported the recommendations, but suggested initially that the standards should 
be revoked and reevaluated at the end of 6 months. This had the effect of requiring 
that the information be updated so that justification for these standards could be 
reviewed. At  the end of the first &months period, all available data were again 
reviewed, on the basis of which the tentative standards were extended for 1 year. 
The committee reconvened annually for several years, and agreed each time that 
the original standards should be continued. The committee was disbanded' after 8 
years, when it became apparent that no new information was being accumulated, 
and that there was no reason to invalidate the original recommendations. 

These standards have now existed for more than 30 years, and they have been 
adopted by various standards-setting organizations, including the American In- 
dustrial Hygiene Association, the American National Standards Institute, and the 
' At  various times the following served as members o f  this committee: Harriet Hardy, who was 

chairwoman throughout; W. B. Harris: Harold Hodge; Robert A. Kehoe; James Sterner; Philip 
Drinker: 9. S. Wolf: and Merril Eisenbud. 
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American Conference of Governmental Industrial Hygienists. The Environmental 
Protection Agency adopted the 0.01 ~ d m 3  concentration as an ambient air quality 
standard i n  1973. In 1972, NIOSH recommended in its beryllium criteria docu- 
ment that the AEC recommendations for control of occupational exposure be 
retained in any newly promulgated OSHA standard. Nevertheless, in 1975, OSHA 
published its proposed provisions in the beryllium standards. based primarily on 
the assumption that beryllium is a human carcinogen. Their proposals were evalu- 
ated at length at hearings in 1977, but  no changes have been made as of this 
writing. This 6-year delay between promulgation of a revised beryllium standard 
and its (as yet) nonissuance symbolizes the differences that have taken place in the 
past three decades. Thirty years ago, collaboration between a Federal agency, the 
beryllium industry, and a state health department led quickly to standards that 
eventually controlled beryllium disease. There existed at that time a high degree of 
epidemiological confusion, no lack of differences of opinion, and many technical 
difficulties. We did not realize it at the time, but it was an experience that was not 
to be soon repeated. 

--:T analyses 

3 chronic 

nformation 
data as d o  

etween the 
living near 
:e from the . inside t h e  
equency of 
:h included 
961) 

studies, that 
consultation 
.. an epidemi- 
Jmption that 
ic, lead, and 
,out 2 0 0 ,  and 
reduced by a 
=tal TLVs in 
:orrected for 
13. However, 
. the seventy 
2end 2 +glm3 

I nrnended 
j _-, late 1949 
staff was as- 
.re based and 
dards should 
t of requiring 
irds could be 
a were again 
?d for 1 year. 
Xch time that 
mded4 after 8 
iccu mu I ated , 
tions. 
z y  have been 
imerican In- 
itute. and the 
lardy. who was 
Sterner: Philip 

ACKNOWLEDGMENTS 
This study is part of center programs supported under Grant ES-00260 from the National Institute of 

Environmental Health Sciences and under Grant CA 13343 from the National Cancer Institute. 

REFERENCES 
Atomic Energy Commission (1948a). "Environmental Studies in Plants and Laboratories Using Beryl- 

lium." Progress Report (March 25). O E c e  of New York Directed Operations, Medical Division. 
Atomic Energy Commission (1948b). "Non-Occupational Berylliosis in Lorain, Ohio," Appendix B 

(August 5 ) .  Office of New York Directed Operations, Medical Division. 
Bosanquet. C. H.. and Pearson, J. L. (1936). The spread of smoke and gases from chimneys. Trans. 

Faradav S o r .  
Durkan. T. M. (1950). Chemical methods. 111 "Pneumoconiosis" (A. J .  Vorwald. Ed.). pp. 426-431. 

Harper & Row (Hoeber). New York. 
Dustan, C. (1948). "In Plant and Non-Plant Cases." Report to the Atomic Energy Commission Office 

of New York Directed Operations. Brush Beryllium Corporation, Lorain, Ohio. 
Eisenbud. M. (1961). Basis of the presently used maximum allowable concentrations for control of 

beryllium disease. Irr "Workshop on Beryllium.'' The Kcttering Laboratory. University of Cin- 
cinnati, Cincinnati. 

Eisenbud, M. (1949). Letter of Oct. 26 to C. B. Sawyer. In  "Statement by Professor Merril Eisenbud 
Presented at the OSHA Hearing on Beryllium Standards." Appendix B (August 1977). 

Eisenbud, M., Berghout. C. F., and Stcadman. L. T. (1948). Environmental studies in plants and 
laboratories using beryllium: The acute disease. J. Ind. Hvg. Turicul. 30, 281 -285. 

Eisenbud, M.. Wanta. R. C., Dustan. C.. Stcadman, L. T., Harris, W. B., and Wolf, B. S .  (1949). 
Non-occupational berylliosis. J .  / l id. Hyg.  Toxicol. 31, 282-294. 

Gelman. I. (1936). Poisoning by vapors of beryllium oxyfluoridc. J. Ind. Hyg. Toxicol. 18, 371. 
Hall, R. H.. Scott. J .  K., Laskin, S., Stroud. C. A.. and Stockinger, H. E. (1950). Acute toxicity of 

Hardy, H. L. (1980). Beryllium disease: A clinical perspective. Environ. Res. 21. 1-9. 
Hardy. H. L.,  and Tabershaw. I. R. (1946). Delayed chemical pneumonitis occurring in workers 

Hyslop. F., Palmes. E. D.. Alford. W. C.. Monaco. A. R., and Fairhall. L. T. (1943). "The Toxicol- 

Poritsky, A. ( 1950). Spectroscopic methods. Iri "Pneumoconiosis" (A. J. Vorwald, Ed.), pp. 432-445. 

inhaled beryllium. Arch. Ind. Hvg. 2,  25. 

exposed to beryllium compounds. J .  / r i d .  Hyg. Turicol. 28, 197. 

ogy of Beryllium." U.S. Public Health Service Bulletin 181. 

Harper & Row (Hoeber). New York. 



MERRIL EISENBUD 88 

Shilen. J . .  Galloway, A. E., and Mellor. J .  R.. Jr. (1944). Beryllium oxide from beryl: Health hazards 

Shipman, T. L. (1950). History of the beryllium problem. I n  "Pneumonoconiosis" (A. J. Vorwald. 
incident to extraction. / i d .  Med. 13. 464. 

Ed.). pp. 3-9. Harper & Rowe (Hoeber), New York. 

Occup. Med. 4, 123-151. 
Sterner. J. H.. and Eisenbud. M. (1951). Epidemiology of beryllium intoxication. Arch. Ind. Hvg. 

Sutton. 0. G. ( 1947). The theoretical distribution of airborne pollution from factory chimneys. Quorf .  

Van Ordstrand, H. S.. Hughes. R.. and Carmody. M. G. (1943). Chemical pneumonia in workers 
extracting beryllium oxide: Report of 3 cases. Clevelund Cfin. Quurr. 10, 10. 

Vonvald. A. J.. Ed. (1950). "Pneumoconiosis." Harper & Row (Hoeber). New York. 

J. RoV. Mereorol. Soc. 73, 251. (London). c 
f f i !  





- .  NORGARD PAGE 82 - 

Risks of beryllium disease related to work 
processes at a metal, alloy, and oxide production 
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blood samples were collected weekly over a 15 
awn& period 6rom late February 1993 to June 
1994. Repeat resting of abnormal and indctu- 
minare d c s  extended blood collection to 
October 1995. 
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rlmptorm 4 risk ficcorr 91 &hcp 
- L h a c c l l m i m s k ~ r h c v  
dia@lorir.Thcpm8laitcr#~includcdh 
-hirtorgrarlyri, Uad their dote of 
ais. 

We analysed qua- and l s b o m t ~ ~  
muh with Pc SA$, wing x’, F i a  amx 
mt, Smdeds t tub and WJcoroa’a nnk nun 
test, u appmgri.te. We chose a pmbabilicy of 
0.05 for rigribicurce. For lo(prric e m o n  
@ROC LOGlsnC ia PC SAS), we used vrri- 
abler &om &e uninriru m a  r b c  were 
urod.ted with beryllium dhme or abnormrl 
EeU test with a s p t i r d a l  of 
*0.25 and tcsnd rhs UNmpdon tbot rhc logit 
ryu liaur ia the conMuow variables. We used 
neparw s . lasio~ with a P d u e  aiurias of 
(0.05 to determnc which vprirbla and pod- 
ble inrcmhn cenns &odd be included in tbc 
b a l  model. 

Data on irrduraid hygiaic were left can- 
tored due u) the dctecooa limit of 0.1 Wrn’ 
md did not tit a normal or a log n o d  &mi- 
bution. We d medians, ranges, a d  quartiler 
to describe t h e  dnu. We compared p u p s  
wich Wdcoxon’s rnnL sum tat. x’ test, and 
Fisher’s exact us=. We compaxsd rhe mean of 
dae penod Iapcl samples for en& job atle 
w i h  a quuvr ro che c o m ~ p ~ ~ d i n g  quutedy 
DWA a t i m a t a  with Wdcoxon’s s i p  rank test 
and Spcumm’s correlation coetscient. 

RrruJrr 
DBMOGWHIC DATA 
Of the 655 employees invited to pudapatc, 
646 (98.6%) completed rhe ia tdcw,  the m 
having I& employment, mid, or did befort 
interview. Mort employees were male (8% 1 %) 
md noa-hispanic w&te (94.7%). The acan 
age was 43.9 yan, witb a range of 24 co 61. 
Avvlga employbrent at dK plurr a r ~  17.6 
yean, wirh 8 mga &om cclru~ months ro 38.3 
yews. Employee, changed amrk pracerm an 
average of 9.4 times rhroughout rbcir emplay- 
meat (rpagc 1-90), bur were employed on aa 
a-ge of only 4.4 diflarmc p i o c c ~ ~ r  (rwge 
1-15). 
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rho w of LOPO laborntone led to the den&- 
doll of more asm of beryllium wlitisanoo 
rad direOK cbra would have occurmi with 
atha laborptory done, a b d h g  thu limits thr 
conrpviron of mtu found foo rhir popuIanoa 
rid, some pmrioudy pubiirbed cues.' Uu of 
dthrt labomtory done (brrt blood ~ C I K  abaot- 
mal snd coP6mroaoa ou subuqueut tot) 
wuld have dowed idcaoficarion of only 
46.3% of die cases of rcnribndon from one 
Wmry rad 48.8% from rhc orha. 
fn Qc face of labontory inwnricivny in find- 

Nula for chore ever hamag aa abnormal blood 
BcLP test. Ahhour@ some employes wiQ one 
abboormrl BeLP r u t  among KUez111 m y  haw 
had fahe positive ~ r u l ~ ,  tbt rbcorracpl likeli- 
hood of a false porrhe ir a u t  0.06%; dais is 
bued on h a k g  two rdmulauon indices 
(amow sm in a test) above the mean plur cwo 
SDs for the peak sarnulouon index of una- 
posed people. 

It h likely thnr h s  smdy has underestimated 
mtes of beyllium disease brcausc of ckcc 
pmcdca in clinical evaluation. Firstly, not oll 
people with abnormal blood tesm u n d m n t  
d k i c d  evrluanon, precluding any possibPty of 
making a dmgnosh of beryllium disease. 
Secondly, ehe lavage &LP cesc p r 0 ~ 0 ~ 0 l  used 
by &e clinical laboratory for W study used 
rhne b+ryllium concenuatiou on hamx day 
4, by contnst M Z ~  three coacenmdonr on 
h e s t  days 3 and 5 used in orhu published 
I&.'-' AC well ill h i p  cboage in protocol, 
Jess thur b e  coacontdoor of beryllium 

wed in most tests, which is ljltcly to have 
resulted m lowered seasidviry for dct- an 
abnomd lavage BeLP IQL 

Thudly, &e biopsy pr8cUcr in rhe c h c d  
mlurdoar m y  have t(cIulttd m undernuma- 
don of disease. The waqe number of biopsiB 
ukm in *me undergoing bmnchoscopy uru 
four, which is conribenbly 1- thpn rh. CUI- 
wmary a 1 2  bioprxes cplrtn in previously pub- 
Wed work.'-' In sarcoidosb, rhe rate of m u -  
lomatolLs abnormaliuer ia-m with 
iacreurng nunber of biopsies," urd rhir 
seemed to be rhe case in those undetgoiag 
btonchouopy in this snrdy (data not s h o w .  
Although we have docmeand that (pnnulo- 
uuii can precede abnormal lpngc B O  turn,' 
the rutbon &om &e X a w d  Jewirh Centre 
have invariably found tpanulornas in thou with 
.bnormd hmga BtLP CeP, although a second 
bronchoscopy has ocusioxdly been accasary. 
Rebiopsy of cbree CLKI with nbnotarai lavage 
BcLP tcsu bur no Iprnulompl hi rhir smdy did 
not domerit g n a d o ~ ,  dthoub dl thnc 
CIU) had other evidence of pathologml 
abnormslity-such as lymphocytic dveolith 01 
dbrosir. Ody hrure bllw up will chi@ 
ahrthrr we bv, cludtied dlM C o d y  PI 
mbrry l l i rur r  direme. Their aclusion &om 
rPelyur did not change &e rirL factors which 
we have pparraud hm- 

A firul linvrrdon of thL CePss reccioml rrudy 
is I k8lrhyworker t&m, which would lead to 
muadrrrrcmud . on of rites of beryllium 

iagbayllium stnritiutios we &os8 to prmcnt 

U l u D m w n o N  OF BRRYU5C.U DUEASK 

dheme. New NCI of bayUium disuse idend- 
6ediarbL '.. fin hd not come to 
dkicd Icrtcldaa, md only fk prrpioruly 
di8mmudcucc rm suu wofking in rhepht.  

bayilium p m m  to subclinid beryllium 
dkut,' and rhrt some of rhat pmgms with 
the p88mge otame to be c h i d  COKI. The 
yo- age of c a m  of beryllium disease corn- 
p a d  with people with normal blood testa is 
baz expLljpcd by drs possibiiiry thor clinical 

left employmaat, a d  the subclinical 
caws rrc unrrprereamive of the age disuiiu- 
don of thc p h t  popdodoa 

efticecy is UllkAOwrl for iacarmdons a f t a  
early idmrikadoa of beryllium peasitisation 
pnd disemae-such PI removal born uporurr or 
euly mrtmenc. Ia chis contar, thc main jura- 
ticadon of screening is sacadfic ~ s u g a u o n  of 

iag of risk faaon can lead to egective primacy 
prevention. Understanding of porurpl history 
of beryllium sensirisadon, pahaps in coocefl 
with genetic risk €actors,' can lead LO consid- 
maon of intwenrioa uials and appmphre 
policy for secondary pmndon. Thu surveil- 
lance 5ndp bas laid the gmundwork for both 
dfom in the production sectors of h e  
beryllium indwtxy and 0uu1y client iectora of 
the indumya The most ialpomn~ prioricy for 
further investigation is exporurr-I.irk relations, 
which PriU smc as the basis for primary 
prevtnrion dmugbout rhe bayUium indusuy 
and may have pprrdigmanc imponobcc for 
orhet common lung hypememiriviirp diseases, 
as wtll. 

w8 hrow chrr SOmC QKI d d d r a t i m  KO 

CUCI ofkryilium dimre h n  rhir p h t  h8vt 

lMpuchTIdws FOR NRVmLANCE 

rirk ficton a d  of LuNIZL m v .  Undmwd- 


