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Risks of beryllium disease related to work
processes at a metal, alloy, and oxide production

plant

Kathleen Kreiss, Margarer M Mroz, Boguang Zhen, Herbert Wiedemann, Barbara Barna

Absuract

Objectives—To describe relative hazards
in sectors of the beryilium industry, risk
facrors of beryllium disense and sensitisa~
tlon related to work process were soughtin
a beryllium manufacturing plant produc-
ing pure metal, oxide, alloys, and ceram-
ics.

Moethods—All 646 acdve employees were
interviewed; beryllium sensitisation was
ascertained with the beryllium lym-
phocyte proliferarion blood test om 627
employees; clinical evaluadon and bron-
choscopy were offered to people with
sbnormal test results; and industrial hy-
giene measurements related to work proc-
asasa raken in 1984--93 were

Rasults—59 employses (9.4%) had abnor-
mal blood mssts, 47 of whom underwent
bronchoscopy. 24 new cases of beryllium
disease were identifed, resulting in o
beryllium disease prevalsnce of 4.6%,
including five known cases (29/632). Em-
proyses m i'é WF;.‘; :ll --.--:-- :-—-‘
the est e of berylllum dis-
ease (9.0%). Employees in the pebbie plant
(producing beryilium metal) who bsd
been employed after 1983 also had in-
creased risk, with a prevalence of beryi-
Hum diseass of 6.4%, compared with 1.3%
of other workers hired in the same period,
and 2 prevalence of abnormal blood tests
of 19.2%. Logistic regression modelling
confirmed thess two risk factors for beryl-
tium disease related to work processes and
the dependence on time of ths risk at the
pebble plant. The pebble plant was not
associated with the highest gravimetric
industrial hygiene mseasurements avail-

exposures in beryllium metal producdon
may be important o understanding how
beryllium exposures confer high contem-
porary risk of beryllium disease.

(Occup Environ Med 1997;54:605-612)

Keywords: beryllium; occupagonal lung discase; lym-
phocyte proliferstion tast; susveillance; cxposure-
response

Beryllium exposure leads to cell mediated
immunological sensirisation in « small percent-
age of workers exposed to beryllium aetosols,
dusts, or fumes; of the sensitised workers, many

have granulomatous lung disease.'* Prevention
of beryllium disease depends on knowledge of
risk factors which can be modified. Although
mborn genetic facrors are associared with risk
of disease in those exposed to beryllium,’ these
cannot be changed in an exisring workforce
exposed to beryllium. In contrast, work related
rigk factors offer the opportunity to lower risk
of beryilium disease and to undersrand the
exposure characteristics associated with high
disease rares. In our previous studies of plant
workforces exposed to beryllium, we found
gisks of beryllium sensitsation or discase
related 10 work processes in three plants repre-
senring single sectors of the beryllium indusrry.
These include machining of beryllium metal.'
grinding, dicing, and drilling of beryilia
ceramics,’ dry pressing, and research and
development in 2 plant which manufacrured
bexyllia ceramics historically.’ We zeport here
the results of epidemiological and exposure
surveillance in a plant which encompasses
most sectors of the beryilium industry in
production of beryllium metal, alloys, and
beryllium oxide from which ceramics were
made historically. We sought to describe risks
of beryllium disease related to work processes
which could provide opportunires for future
study of exposure variables conferring excess
risk. Understanding of qualitadve and quand-
tative exposure-response relations is critical to
prevention of disease in the many sectors of the
beryllium indusery.

The plant opened in 1953 to produce
beryllium-copper alloy, which is cast and fabri~
cated into tubes, wire, sheer, plates, and meral
purts before shipment to ather factories to
become finished products. Beryllium metal
operations were developed in about 19537 in
buildings and under mansgement which were
Iargely separate from alloy operations. Beryl-
lium metal is produced from beryllium hydrox-
ide through a chemical process. The two com-
poaent areas invoived in Deryllium metal
producton are the pebble plant, which con-
tains fluoride and reduction furpaces, and
vacyum melting.! As the crystalline strucnure of
cast beryllium meral is unsuitable for many
applications, the metal is pargtioned into
differing grades of powder and pressed into
metal shapes. A machine shop grinds and
finishes maxy of the cast and pressed beryllium
and alloy parts.

The plant also reclaims scrap beryllium and
alloy metal and begsn production of Albemet, a
berylium-aluminum alloy, in 1990. Histori-
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cally, the plant produced beryllium hydroxide

. from ore undl 1972. Beryllium oxide for

ceramics has beea produced since about 1958
at the meral side of the plant. Beryllia ceramic
products were produced ac the plant uacil the
operstion was moved to another factory
berween 1980 and 1984. Producton of beryl-
Lum pebbles in mezal production increased
coincidentally during a similar period, dou-
bling in 1979, declining to baseline, and then
doubling again in 1983—4.

Maethods
POPULATION
We invited all 655 employees on the plant ros-
ter during the screening period to participare in
screening for beryllium disease after presenting
informarion sessions to csch workshift. Five
bad already had a diagnosis of
chronic beryllium diseasc. The management at
the plant required all curreat employees to be
interviewed during work time over 2 13 month
period. The screening blood test for beryllium
sensitisation was voluntary.

QUESTIONNAIRE
The personnel department provided employ-
ecs with their work histories for review before
confidential interviews with non-plant person-
nel. Trined interviewers administered an
sbbreviated standardised respiratory
questonnaire,’ supplemented with additional
medical and work history quesdons (before
blood test rexults were available) usually within
two moaths of drawing blood. For data analy-
xis of work history, jobs were classificd by che

individual and grouped processes (fig 1).

BLOOD LYMPHOCYTE PROLIFERATION TEST

After written informed cousent, employees
;sve ¢ 40 ml blood sample collectsd in
heparinised vacumainer tubes, half of which was
sent by overnight courier to one laboratory and
half o another laboratory for the beryllium
lymphocyte proliferstion (BeLP) test.” Split

blood samples were collecred weekly over 2 1S
month period from late February 1993 to June
1994, Repear testng of abnormal and indeter-
minate results extended blood collecnon to
October 1995.

CLINICAL EVALUATION
Participants with confirmed abnormal Bel P
tesults or with one abnormal result and an
indeterminate result during che study were
offered clinical evaluation after additional
informed consent, including bronchoscopy for
bronchoalveolar lavage BelP test and trans-
bronchial lung biopsy. People with an inivial
abnormal blood test that was not confirmed on
two subsequear split tests were not referred for
clinical evaluarion bur were offered repeat
blood tesu after the study. We defined

jum sensinzation 38 3 repeatable abnor-
mal BeLP test. We defined beryllium disease as
graaulomas on lung biopsy in the presence of
beryllium sensitisarion or an abnormal bron-
choalveoisr lavage BeLP test."

HISTORICAL INDUSTRIAL HYGIENE DATA
We reviewed all computerised indusmrial hy-
giene measurements of beryllium mass con-
centration (n=124 600) collecred from 1980 to
1993 without regard to parrcle size or
respirable fraction. We excluded 10 080 special
samples without location codes and 8322 sam-
ples that could not be classified as general area,
full shift, breathing zone, or lapel saroples, most
of which were raken between 1980 and 1984.
Genersl ares samples (n=30 872) were col-
lected with high volume samplers for 30
minutes in the work area of specific processes.
Continuous samples (a=59 360) were also col-
lected, usually over a full workshift or occasion-
ally over 24 hours. Process breathing zone
sampjes were collecred for 1--15 minutes with
high volume samplers (n=15 787). Beginning
in 1990, personal lspel samples (n=179) were
collecred with 2 monitoring pump positioned
on the worker’s lapel for the entire work shift
for 20 different jobs.
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We estimated daily weighted average (DWA)
exposuses for a working day with formulas
incorporating quarterly average general area,
coarinuous area, and breathing zone measure-
ments based on time studies for most jobs.’
The DWA formulas were added or changed
over the years as jobs changed and were
available oaly since 1984 for most production
jobs. In alloy areas, only jobs at the arc furnace,
the melting-casting furnaces, and some strip-
plate operatioas had DWA formulas. In beryl-
lium metal areas, almost all jobs had DWA for-
mulas. The DWA formulas were not available
for jobs in quality control, engineering, decon-
tamination, janitorial, production control, en-
vironmenta! conmol, administration, security,
Waste Water trearment, and the medical depart-
ment. We recreared quarterly DWA estmates
for individual jobs and job categories with the
available formulas and industtial hygiene
megsurements. If no quarterly measurements
existed for a procedure code of a DWA
formula, we used measurements from the
nearest available quarter tw compiete dhe
estimate. We created DWASs with existing gen-
cral area and conGnuous area sample measure-
ments for workers in alloy rod-bar-tube areas,
engineering administrarion, offices, sales, and
waste water meatment. We could not creare
DWAs for quality conmol, decontamination,
plant cleaning services, production control,
environmental control, and security job utles.
Ax these jobs involved tasks in all parws of the
plant and in the adminiszative areas, we
sssumed that exposure was the average of
DWAs for all other jobs during the quarter. We
estimated cumulsrive beryllium exposure for
study participants who surted employment
after 1983 by summing the quarterly DWAs for
their job dtles, weighted by days of employ-
meat in the job dde during the quarrer,
sccounrting for teported time away from work.
The proportion of person-days for which we
bad job specific DWAs was 90.5%, with the
remaining 9.5% being the all plant average
DWA estimates. We calculared average beryl-
lium exposure by dividing cumulative expo-
sure, expressed in pg/m’-days, by the total
number of days worked.

The beryilium detecton limit for all indus-
trial hygiene samples was 0.1 pg/m’, but the
industial hygiene database did not distinguish
becween samples below or ax the detection
limit. For the purpose of DWA analyses, we
recoded all 0.1 measurements as 0.05 ug/m’.

CUMLILATIVE INCIDENCE

The plant medical department supplied names
and dares of hire of 24 former employees diag-
nosed with chronic beryllium disease before
the cross sectional screening, The plant man-
agement provided us with a count of unique
employees by year of hire, with which we
calculated 3 minimum cumulative incidence.

STATISTICAL ANALYSIS
The five curvent employees carrying a disgno~
ais of chronic beryllium disease were included
a8 cases in most analyses. We excluded them
from the anslyses of chest and dermarological

NORGARD

PAGE

60?

symptoms and workpisce risk factors as chey
diagnosis. The prevalent cases were included in
yorkhismrym:lyu‘nunu’ltheirdlu of diagno-
aia.

We analysed quesdonnaire and laboratory
results with PC SAS,’ using y°, Fisher’s exact
test, Student’s ¢ test, and Wilcoxon’s rank sum
test, as appropriate. We chose a probability of
0.05 for significance. For logistic regression
(PROC LOGISTIC in PC SAS), we used van-
gbles from the univariate anslyses thar were
associsted with beryllium disesse or abaormal
BelP test with a stagsdeal significance of
<0.25 and tested the assumpron that the logit
was linear in the continuous variables. We used
stepwise selection with a P value criterion of
<0.05 10 determinc which variables and possi-
ble igreracron terms should be included in the
final model.

Data on industrial hygicne were left cen-
sored due tw the detection limic of 0.1 ug/m’
and did not fit a normal or 3 log normal diseri-
bunion. We used medians, ranges, and quartles
to describe these data. We compared groups
with Wilcoxon’s rank sum test, ¥ test, and
Figher’s exact tests. We compared the mean of
the personal lape! samples for cach job ude
within 2 quarter 1o the corresponding quarterly
DWA esumates with Wilcoxon’s sign rank test
and Spearman’s correlation coefficient.

Results

DEMOGRAPHIC DATA

Of the 655 employees invited to parrcipate,
646 (98.6%) compileted the interview, the rest
having left employment, redred, or died before
inteeview. Most employess were male (85.1%)
and non-hispanic white (94.7%). The mean
age was 43.9 years, with a range of 24 vo 61.
Average employment st the plant was 17.6
years, with a radge fom seven months ro 38.3
years. Employees changed work processes an
average of 9.4 umes throughout their employ-
meat (range 1-50), bur were cmployed on an
average of only 4.4 different processes (range
1-18).

BLOOD BERYLLIUM BeLP TEST RESULTS AND
CLINICAL CLASSIFICATION

Excluding the five employees with a diagnosis
of beryllium disease, 627 (97.8% of those

interviewed) had blood drawn for the BelP

test. Fifty people had a confirmed abmormal
blood test from either one or two laboratories
or had a combination of an abnormal blood
test and indeterminate test (mable 1). Forty
seven of the 50 underwent clinical cvaluation.
Twenty had granulomas on biopsy in che pres-
ence of beryllium sensitisation, and four others
had abnormal bronchoalveolar lavage BelP
tests and no granulomas. Of these four people,
one had s 29% lavage lymphocyrosis with
multinuclesred giant cells and no history of
cobalt exposure; one bad 31% lymphocytes
and fibrosis ou biopsy; and the other two had
19% and 46% lavage lymphocytes. Three of
the four had rebiopsy withour obvious granulo-
mas abour one year after inital bronchoscopy,
and the fourth had 2 granuloma on rebiopsy.

84



B4/85/2081 1@:44

5175476746

Tabls I  Chininal evaluanion rasmiis of anpioysss wish abusrmal bised st resics

Cimissly B Sovitisad 2 Soryllionn
oopieand  dbamw ins wishous diossns
Somauing cangery . » a a
Canfismad chosrmal in boh
ubasmmaties 15 ie 9 ¢
Canfiosed shascmal 8 one
lahasasury s 1s 10 6
Inidally shacrmnl with indewrmigeee
— 19 \7 s 3
Inslally shusrme) with noemel ramsn ¢ 0 - o
Tol ”» & +7 19

© Ons of those camified s sensitinsd ™ buryllium bus withour dinssss did tor undengo clinjeal

. ouhatien.

f&dh*—-—“hhmdl”’.“ﬁ-n-—hw
of 2 case of sepnitisation; disessn has Bt boen suciuded.

The remsining 23 people did oot have
beryllium disease documented by biopsy or
lavage BeLP test sbnormaliries; however, three
had increased lsvage lymphocyte propoctions
of 22%, 27%, and 37%.

Nine people had inirial abnormal bloed
testa, retestsd normal on two subsequent tests,
and were not offered clinical evaluadon. Six of
the nine had follow up blood testing in the
sutuman of 1995, four of whom had abnormal
BeLP test resulos confirming beryllium sensiti-
sagon.

PREVALENCE OF BERYLLIUM DISEASE,
SENSITISATION, AND ARNORMAL BLOOD TRST

The prevalence of abnormal blood BeLP tests
was 9.4% (59/627), excluding previously diag-
nosed cases of beryllium disease as chey did not
bave blood tests as part of this study. The
prevalence of beryilium seasitisation was 6.9%
(43/627), sgain excluding the known cases of
disesse. The prevalsnce of beryllium disease,
including previously disgnosed cases in the
current workforce, was £.6% (29/632). Twelve
people with abnormal blood tests did not have
elinical evaluation required for claasification as
beryllium disense.

ASSOCIATIONS BETWEEN DEMOGRAPHIC DATA

B S O
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or unusual incident that may have resuiced in

high beryllium exposures (58.3% o 53.9%,
P=0.67).

ASSOCIATIONS BATWEEN WORK FROCESS AND
CASES OF RERYLLIUM DISEASR

work processes in ¢ases and normal people and
by comparing disease prevalence by working

The 29 disease cases were more likely
than chose with normal blood twets to have
worked in ceramic fabricaton, (48.3% v
24.1%, P=0.004). In assessing piyvalence of
disease among employees in different work
processes, we conuolled for overeatimates of
risk by removing employees who worked in
ceramics from the sstimates for
other processen (table 2). When we looked at
grouped proceases, we found chat cases worked
in beryllium metal production (pebbile plant
and vacuum melting) more than normal people
(51.7% v 34.2%, P=0.05). Two cases of beryl~
lium disease had worked anly for purchasing or
sccoundng. Another had worked oaly ia alloy
maintenance.

As many employees without ceramic expo-
sure had started working after ceramics pro-
ducdon stopped in the plant, we examined
whether the increased risk of beryllium disease
among ceramic employees was attributable to
secular Tends ip exposures or latency. When
we restricted che analyxis 1o all employees who
began working before 1984 (lasc date of
ceramic fabrication work), a significant differ-
ence remained in the prevalence of disemse,
9.3% (14/150) in ceramics workers compared
with a prevalence of 3.9% among workers
never in ceramics (P=0.025). Beryllium metal
production was not associsted with signifi-
cantly increased previlence, even when ceram-
ics workers were removed from the analysis.

Conversely, we looked 3t all employees who
began working after cerumics work was moved
from the plant (n=190) and found an 8%
prevalence (4/50) in beryllium metal produc-
tion compared with a 0.7% prevalence (1/140)
among employees in all other processes
(P=0.02). Looking at the two process areas in
beryllium metal production, those employees
working in the pebble plant had a 7.3% preva-
lence (3/41) compsred with a 1.3% prevalence
(2/148) among other employees (P=0.07), and
employees working in vacuum melting bad a
13.3% prevalence (2/15) compared with 1.7%
(3/175) among pecple in all other processes
(P=20.05). Six employees had worked in both
the pebble plant and vacuum melting, of whom
one had disease. The prevalences of beryllium
disease among all pebble plant workers and
vacuum melting workers hired after 1983 were
6.4% and 12.5%, respecuvely.
univeriate malyses. We included 12 demo-
graphic and workplace varisbles in the creation
of our model: sex, race, smoking scatus, pack
years of smoking, tme since first employment,
work n another beryilium facility, wotk around
beryllium flucride, pebble plant, vacuum melt-
ing, alloy exzrusion, ceramics, and shipping ot

PAGE 85
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receiving. We did not include beryllium metal
production (the grouped process of pebble
plant and vacuum melting) 10 find which of the
two processes was contributing to the increased
risk. We also included possible interaction
terms. Four variables were included in the final
model (table 3): ceramics, work in che pebble
plant, dme since first employment, and an
interaction term between time since first
employment and the pebble plant. The odds
mtio (OR) of beryllium disease for peopie
working in ceramics was 4.4. Work in the peb-
ble plant interacted with tme since first expo-
sure and reflects the previous analysis in which
! beryllium metal production was a risk facror
o since 1984. The model predicn that pebbie
;3 plant work conferred no additional tisk for a
H

;

person with employment of 17.6 years but a
5.7-fold risk for someone frst empioyed in
1985,

ASSOCIATIONS BETWEREN DEMOGRAPHIC DATA,
WORK PROCESSES, AND ABNORMAL BLOOD TESTS
é We compared the 33 employees with sbaormal
i blood tests but without documented beryllium
disesse with those employees with normal
j blood tests. People with sbaormal blood tests
§ were 0o different in age, sex, race, smoking sta-
1 tus, pack-years of smoking, or time since first
employment. There were also no significant
{ differences in chest or skin symproms, although
/ those with sbnormal blood tests (but withour
‘ disease) were more likely than those with nor-
l mal blood tests to report bhaving their job
changed due to a nsh (36.0% v 13.6%,
P=0.007), and were more likely to have had s
rash within the month before interview (28% o
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8.8%, P=0.008). No difference existed be-
mmmmhmoﬂmm
exposed to beryllium in an accident or unusual

work in the analytical laboratory (17.1% o
3.5%, P=0.02). Restricting the analysis w peo-
ple employed before 1984, the sssocistion with
the analyvcal laborarory remained (22.7% o
6.5%, P90.02). For people employed aftar
1983, empioyees with abnormal blood tests
only were more likely to have worked in che
pebble plant (46.2% » 20.5% among others,
P=0.04); the prevalence of abnormal blood
tests among pebble plant workers, including
cases of beryllium disease, was 19.2% © 5.8%
smong others.

We included 16 varisbles and possible inrer-
action terms in the crestion of our logistic
regreasion model for abnormal blood BelP
test (but without beryllium disesse) and only

 work in the anslytical laboratory entered the

model with an OR of 3.6.

HISTORICAL ENVIRONMENTAL MEASUREMENTS

984-53)
gun shift and continuous area samples (a=59
360) had 2 median (max) beryllium concentra-~
don of 0.6 (1290) ug/m’. The 30 872 geperal
area samples had a median (max) of 0.4 (2615)
ug/m’. The 15 787 breathing zone samples had
s medisn (max) of 1.4 (3790) ug/m’; and
exceeded % ug/'m’ in 18.5% of samples and the
peak exposure limit of 25 ug/m’ in 3.6% of
samples. The 179 personal lspel samples had 2
median (range) of 1.0 (0.1-52.6) pg/m’.

Median general area measuremnents in differ-
ent work areas reoged fom 0.1 10 0.7 ug/m’
with alloy arc furnsce and alloy melring-casting
areas having the highest median value and the
arc furnace hsving che highest percennage
(15.0%) of measuremenss over the 2 ug/m’
renged from 0.1 w0 2.0 ug/m’, with beryllium
powder and lsundry aress having the highest
median values and furnace rebuild having the
highest percentage (28.6%) of messurements
over the short term expoasure limit of 5 ug'm’.

Quarterly DWA estimates were available for
18 process aress (Dased on our groupings in Sg
1) for 40 quarters ia 1984-93. Some process
areas had multiple jobs with DWA estimates.
Quuarterly job specific DWAs ranged fom 0.05
to 63.11 ug/m’, with alloy arc furnace workers
and furnace rebuild workers having the highest
median DWA estimates at 1.65 ug/m’ and 1.63
ug/m’, respectively. These two job descriptions
also had the highest percentages of DWA esci-
mates over the 2 pg/m’ standard, 38% and 40%

respectively,

Joba characterised with personal Iapel sam-
ples had one t0 ssven messurementa per quar-
ter in 1990-92, with beryllium oxmide produc-
tion, alloy melting snd casting, and the arc
furnace having the highest median lapel sample
messurements (3.80, 1.75, and 1.75 ug/m’,
respectively) and the highest percentages of
sampies over the 2.0 ug'm’ standard (64.3%,
47.2%, aod 44.4%, respectively). Analyis of
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svernge personal lspel samples and corre-
spouding DWA estimates for 103
pairs of samples showed that lapel samples
tended to be significantly higher than the DWA
estmates with a3 median (range) difference of
«0.19 (=27.2 to0 47.8) ug/m’ (P=0.06, Wilcox-
an's sign rank test). The paired daw had a coe-
relation coefficient of 0.26.

Bstimastes of individual cumulacive beryilium
exposure based on quarrerly job specific DWAs
were gvailable for 201 people beginning
employment after 1983 and before 1994. Indi-
vidual median (range) cumulative exposures
was 1528.1 (1.5—5971.9) ug/m’-days for the
workforce after 1983. The median (range)
average beryllium exposure of the workforce
was 1.0 (0.01 to 2.66) ug/m’.

EXPOSURKES ASSOCIATED WITH HIGH RISK WORK
PROCRSSES

As those employed in the pebble plant after
1983 had excest beryllium disease and abnor-
mal blood BelP tests, we examined exposure
measurements and estmartes for pebble plant
processes (mable 4). Samples were coded 28 1o
whether or not a respirator was used while per-
forming the work tak. Of all breathing z0ae
ssmples in the pebbie plant, 54-4% were coded
as respirator samples compared with 57.0% of
tamples in all other aress combined. Of lapel
samples in the pebble plant, 43.2% were coded
&s respiretor samples compared with 39.4% of
lapel samples in other areas.

ASSOCIATIONS BETWEEN EXPOSURE, BERYLLIUM
DISEASE, AND ABNORMAL BLOOD BeLP TESTS
Cases of beryllium disease among employees
employed since 1984 (n=5) had s median
cumulative beryllium exposure of 1635 ug/m’-
dsyr and 2 median average exposure of 1.3
pg/m’. They did nort differ significantly in chese
mmmmmdmple(mdun
cumulatve exposure 1518 ug/m’-days, P=0.47
and median gversge exposure 1.0 ug/m’,
P=0.27). No significant difference existed
between those with abnormal blood tests with-
out disesse (n=13) and normal people for
cumulstive exposure (median for employees
with sboormal blood tesam2153 ug/m’.days,
Pw%0.32) or aversge berylllum exposure (me-
dian for abnormal blood samples=1.3 pg/m’,
P=0.22). mpemauauotdmofw«kmm
estimated DWAs (racher than job or location
specific DWAs) for cases of beryllium disease,
nphyumthabmmﬂbbodmndw
mal people wese 0.5%, 3.6%, and 10.5%,
respectively.
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Figure 2 Ciumulasivs mowbey of cases of bervilow disease
Sy cndanive menber of peopis swpleyed ot the year of kise.
CUMULATIVE INCIDENCE OF BERYLLIUM DISEASE
IN THE PLANT

The minimum cumulative incidence of beryl-
lium disease among the 2274 people cver
employed at the plaot since it opened in 1953 is
2.3% (93/2274), with little secular variaton in
rate when cases are plotted by cumulative
aumber of employees at the year of hire (fig 2).

Discussion

NSK OF SERYLLJUM DISEASE

This cross sectionsl study of an aging work-

force, with historical experience in most

segments of the beryllium extraction spd

production industry, showed the highest preva-

Jences of beryllium sensitisation and disesse of
any large worker cohort which haz been

: mmﬁnﬂy screened.'” Paat ceramic work-

ers in this workforce had high retes of abnormal
blood tests (11.6%) and berylliumn disease
(9.0%) compared with other workers. These
prevalences were about double the rutes found
among ceramics workers in the modern plant
to which ceramics work was relocated (5.9%
for beryllium sensitisation and 4.4% for beryl-
Lum disease) and resembled the rates found
smong the mschinist subgroup of ceramics
workers at highest risk in chat new plant
(14.3% beryllium sensitised and 10.2% with
beryllium disesase).’ Amorg employees who
sarted working after ceramics operagons had
been moved outr of the plant, pebbie plant
workers in beryllium meral production hsd
high of sbnormal BelP rtests
(19.2%), beryllium sensitisation (14.9%), and
beryilium disease (6.4%) compared with
others. The high rates of abnormal blood tests
only and sensitisation only in this group wich
10 years maximum employment may reflect an
m:mphummpciodlorbuylﬁmdm
arising afoer wensitisation. The possibility re-
mains that the risk of disease among people
sensitised 1o beryllium differs by work process.
Despice our findings of excess risk of
beryllium disease for ceramics and pebble
plant workers, employees in aon-production
jobs had some risk of beryllium sensitisation
and disease, as in other cohorm.'' Employees
who had worked only in alloy opecationa also



B4/05/2681

-

18:44

5175476746

had some risk, which is of incerest for the many
worksrs exposed to buvlhun-coppc alloy in
user induswries. However, alloy operations con-
fer substancially less risk of beryllium disesse
than beryllium meral production and ceramic
operstions, despite higher indices of exposure
to beryllium in alloy production.

‘The time dependence of the risk of beryilium
disease in the pebble plant is of parrculae
interest in the light of a msior United Staces
Deparunent of Encrgy research and develop-
ment effore in the early 1980s 10 optimise
beryllium production at this plant. Pebble plant
processes, which were formerly out of coawol
from an environmental point of view, including
the fluoride furnaces, reduction furnaces, and
mels crusher, were thought to have been
brought under control in the first half of the
1980s." These efforts coincided with a wan-
sient doubling of 1979 pebble producdon in
1980, repested in 1983—4. Despite consider-
able improvements motivated to achieve better
environmental conwol, the risk of beryllium
disease in the pebble plant increased among
beryllium meral production workers hired after
1983, 3 finding which has also been found for
workers hired after 1979 (data not shown).
This epidemiological finding suggests thar
indices used to evaluste exposure of workers
have been misleading with respect to the risk to
workers of beryllium discase.

EXPOSURE-RESPONSE OBSERVATIONS
Industrial hygiene measurements, available for
the period in which the pebble plant conferred
excess risk, did not document higher indices of
exposuse than lower risk processes. This
finding contrasts with the only other susveil-
lance study with usable historical measure-
menu,inwhichdlehishﬁakpmcasof
ceramic machining was associated with higher
industrial hygiene messuremens and DWA
estimartes than were low risk processes.” In the
modem ceramics plaar, indices of exposure in
machining were similar ro the same indices for
the modern pebbie plant, as were the rates of
sensitisation (14.3 v 14.9) and disease (10.2 v
6.4).

l%iah of beryllium disesse or sensitisaton
relaced to work processes either reflect expo-
sure factors which confer biological risk or
occur by chance alone. The degree of excess
risk of beryllium disease conferred by ceramics
and the pebble plant are unlikely to hsve
occurred by chance alone. For ceramics work-
ers in this plant, the prevalence of disease is
credible, as their rates of disease and sensirisa-
tion were similar to the prevalences ofthehi;h
risk subgroup in the plant to which ceramics
operations moved. For pebble plant workers,
the period of excess risk of having un abnormal
blood test alone coincided with the period with
excess risk of disease, making chance a less
plausible explanation for the two outcomes in
the pebble plant.

The historical measuremens may musclas-
sify biologically pertinent exposure in at least
three ways. Firstly, DWAs seem 10 be a poor
estimate of personal exposure, as lapel sampies
correlated weakly with corresponding quarterly
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DWA estimates, and lapel sampies tended o be
higher than the DWA estimates. Secoadly, par-
ticle size or other characreristic may be more
important coneributors to risk thaa is grygvimet-
mmm&outnﬂdmw
ity. Thirdly, the methods of beryllium egposure
assesyment may poorly reflect acrual exposures
from accidenns, which historically often re-
quired evacustions in the pebble plagr. We
found no evidence that respirator use wag 8480~

ciated with jobs in the pebbie plant, dng
personal protective equipment as a
of exposure characterisaton.

The dissociation of high disease ri the
pebble plant from indices of exposure be

interpreted as evidence against an exppsure-
response relation. We think thar the it of
the historical exposure data makc such a
conclusion premature. Rather, risk relatad 10 2
work process which can be currendy s , as
in the pebble plant, provides an op ity to
use different methods of exposure assessment
which may be more pertinent 1o biological risk.
Comparison of exposure variables in the
pebble plant, such as respirable mass, particle
aumber, surface area, and solubility, can be
made with low risk processes in this and other
plants. Understanding of characteristics of
sensitising exposures for beryllium disease may
be paradigms for other hypmemiwf igy dis-
eases, such as occupational asthma. '

MISCLASSIPICATION OF SENSITISATION !

This surveillance study had the strength of
complete interview dats on all acuve employees
and nearly complete lymphocyte prolifgration
data on those employees not known tp have
beryllium disease. However, the study :d

eral limirations which have resuited iny likely
misclassificadon of berylliumm discase and
sensitisation stacus. Misclessification of these
outcomes of interest may have arisen in labora~
tory tests and clinical evaluation pracuces.

The wwo laboratorics conducting BeLP tess
oa splic blood samples produced swrikingly
inconsistent results, both berween lsborstories
and within laboratories on repeat sampies. Our
definition of beryllium sensitisation required
two abnormal tests separated in time, for com-
parsbility with previously published surveil-
lance studies.' ' However, these abnormal test
resulcs were often accompanied by normal tests
in the same ot different laboratory. Of the sub~
set of abnormal cases which could not be con-
firmed in two split repeat tests in the first 17
months of the study, most of those retesced at
least 16 months later had a second abnormal
test. Cases of beryllium dizease occurred in the
group wich unconfirmed abnorma) blood tests,
and no difference in mate of beryllium disease
existed among those wirh abnocrmal cests
confirmed in one laboratory compared with
those with abnormal rests in both lsboratories.
Thus, our definition of beryllium sensirisation
seems overly resmictive for epidemiological
purposes, and we are likely to have missed cases
of baryllium disease among chose people with
sbuormal tests not referred for clinical evalua-
tion, many of whom with time met the study
eriterion for diagnostc evaluaton. Certainly,
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the use of two laboratorics led to the idennfica-
don of more cases of beryllium sensitisarion
and disease than would have occurred with
either laboratory alone, a finding that limits the
comparison of rates found for this popularion
with some previously published retes.' ’ Use of
either laboratory alone (first blood test abnoe-
mal and confirmadon on subsequent test)
would bave allowed identification of only
46.5% of the cases of sensitsation from one
laboratory and 48.8% from the other.

In the face of laboratory insensidvity in find-
ing beryllium sensitisation, we chose to present
results for those ever having an abnormal blood
BeLP test. Although some emplovees with one
abnormal BeLP rest among several may have
had false positive results, the theoretical likeli-
hood of a false positive is about 0.06%; this is
based on having twwo sdmuladon indices
(among six in a test) above the mean plus two
SDs for the peak sdmulation index of unex-
posed people.

UNDERESTIMATION OF BERYLLILM DISEASE
It is likely that this study has underestimated
rates of beryllium diseaze becausc of threce
pracuces in clinical evaluadon. Firsdy, aot all
people with abnormal blood tests underwent
clinical evaluation, precluding any possibility of
making a diagnosis of berylium disease.
Secondly, the lavage Bel P test protocol used
by the clinical laboratory for this study used
three beryllium concenrrations on harvest day
4, by contrast with three concenrrations on
harvest days 3 and 5 used in other published
atudies.”” As well as this change in prorocol,
less than three concentrations of beryllium
were used in most tesws, which is likely to have
resulted in lowered sensidviry for detecting an
abnormal lavage BeLP rest.

Thirdly, the biopsy practices in the clinical
evaluations may have tesulted in underestima-~
gon of disease. The gverage number of biopsies
taken in those undergoing bronchoscopy was
four, which is considerably lower than the cus-
tomary 812 biopsies taken in previously pub-
lished work.’” In sarcoidosis, the rate of granu-
lomatous abpormalities  ipcreases  with
increasing number of biopsies,’” and this
seemed to be the case in those undergoing
bronchoscopy in this study (dara not shown).
Although we have documented thar granulo-
mas can precede abnormal lavage Bel P tesrs,'
the authors from the Narional Jewish Centre
have invariably found granulomas in those with
sbnormal lavage BeLF tests, although a second
bronchoscopy has occasionally been necessary.
Rebiopsy of cheee cases with abnormal lavage
BeLP tests but no granulomas in this study did
not document granulomas, although all three
cases had other evidence of pathological
abnormality—such as lymphocytic alveolitis or
fibrosis. Only future follow up will clarify
whaether we have classified them correctly as
having beryllium disease. Their exclusion from
snalyves did not change the risk factors which
we have presented here.

A final limitstion of this cross sectional study
is 2 healthy worker effect, which would lead ro
an underestimation of rates of Deryllium
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disease. New cases of beryllium disesse idenni-
fied in this surveillance effort had not come to
dlinical aceadon, and only five previously
diagnosed cases were stll working in the plant.
We know that some cases of semsitisation to
beryllium progress to subclinical beryllium
disease,' ? and that some of these progress with
the passage of dme to be clinical cases. The
younger age of cases of beryllium disease com-
pared with people with normal blood tests is
best explained by the possibility that clinical
cases of beryllium disease from this plant have
left employment, and the remaining subclinical
cases are unrepresentative of the age distribu-
don of the plant populadon.

IMPLICATIONS FOR FUTURE SURVEILLANCE
Efficacy is unknown for intervenrions after
early idendfication of beryllium sensitisation
and disease—such as removal from exposure or
early treatmenc. [a this context, the main jusa-
ficadion of screening is scientific invesugagon of
risk factors and of narural history. Understand-
ing of risk factors can lead to effective primary
prevention. Understanding of natural histocy
of beryllium sensitsaton, pethaps in concert
with genedc risk factors,’ can lead to consid-
eration of intervention trigls and appropriate
policy for secondary prevention. This surveil-
lance study has laid the groundwork for both
efforts in the producton sectors of the
beryllium industry and many clienr sectors of
the industry. The most imporrant priority for
further investigation is exposure-risk relavions,
which will serve as the basis for primary
prevention throughout the beryilium indusrry
and may have paradigmanc importance for
other common {ung hypersensitivity diseases,
as well.
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