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INTRODUCTION Table 1. Standardized mortality ratios by year of hire, duration of employment and time since hire Figure 1. Standardized Mortality Ratios and 95% Confidence Intervals by Cause of Death and Facility Type
Mixed beryllium Insoluble beryllium Total cohort 1.01(0.99, 1.03)
Beryllium is used for essential defense missions. Beryllium metal is lighter than aluminum, Obs SMR  95% CI Obs SMR 95% ClI Obs SMR 957% Cl All Causes of Death - — 0.89 (0.86, 0.93)
stiffer than steel and is invisible to X-ray. Applications include space-based missile tracking, . Lung Cancer Fo—i 1.06 (1.04, 1.09)
key avionics platforms, high-altitude unmanned surveillance, coastline defense detectors, zi“lgrs(;fh“e 203 197 115140 50 003 0601 73 3 o 1101 34
undersea fiberoptics, and fusion energy. Beryllium is essential to every nuclear weapon and 1055+ 189 088  0.76-1.02 151 0.90 0.76-1.05 340 0.89 0.80-0.99
its unique properties are critical to future defense innovations. The Department of War - y <0001 ) 394 0001 0.96 (0.92, 1.00)
. . [ . . . . e - ClCrogcncl . . .
(DoW) identified beryllium as the very first material to be classified as both “critical” and P | SEEY All Malignant Neoplasms 0.94 (0.87, 1.01)
“strategic” to the United States (US). This study, the largest ever study of beryllium workers, Durﬁtlon Oft 0.98 (0.93, 1.02)
: : : : : : employmen
is designed to provide comprehensive evidence on the presence or absence of risk of <5 yrs 106 117  1.05.12% 135 0.92 0.77-1 08 541 1 09 0.99-1 1%
mortality from lung cancer, all cancers, all causes, other non-malignant respiratory disease 5-14 yrs R5 1.04 0.83-1.29 33 0.78 0.54-1.09 118 0.95 0.79-1.14 1,05 (0.98, 1.13
(ONMRD), and cancers with suggested associations to beryllium exposure (kidney, central 15-29 yrs 45 0.88  0.64-1.17 25 1.05 0.68-1.55 70 0.94 0.73-1.18 T AT
nervous system (CNS) and bladder) among workers exposed to insoluble beryllium. The 30+ yrs 46 L1 0.81-1.48 8 1.01 0.44-1.99 54 1.09 0.82-1.42 Cancer of Bronchus, Trachea, Lung 0.91 (0.79, 1.04)
DoW only uses insoluble forms of beryllium P .for hI.lear tr.end* 0276 0.006 0380 —— 1.11(1.03, 1.21)
' Time since hire
<10 yrs 3 0.19 0.04-0.56 10 0.91 0.44-1.68 13 0.49 0.26-0.33
M AT E R I A L S A N D M E T H 0 D S 10-19 yrs 32 0.81 0.55-1.14 16 0.60 0.34-0.97 48 0.72 0.53-0.95 0.91 (0.68, 1.18)
20-29 yrs 77 0.95 0.75-1.19 45 0.96 0.70-1.28 122 0.95 0.79-1.14 ' o
We conducted a retrospective cohort study of 17,149 workers employed in 15 US S0 yrs w0 taz o LA 130 02> 0713 o00 115 1-06-1.24 cancer ofidney 11 (068, 17)
‘ - " <0.001 0.82 (0.57, 1.15)
beryllium manufacturing facilities (1925-2020) with 95 years of potential follow-up from first p for linear trend <0.001
employment. Facilities were classified as either insoluble-only or mixed soluble/insoluble ONMRD
based on the forms of beryllium processed; because individual quantitative exposure Year of hire 1.06 (0.84, 1.31)
data and detailed job histories were unavailable, facility type served as a surrogate for T915955+5 19997 H’g (1)';?'}'33 é; (1)82 8'22'3? ?2‘6‘ }(3)2 é'ég'}gg Cancer of Bladder and Other \ 0.94 (0.57, 1.44)
. o . . . . =1. . . =1. . . =1. U o O
potential exposure. Mortality .and cause of dgath Wel.re.ascertalned through the Natlonal. p heterogeneity 0.113 0.765 0.022 rinary Organs 1.10 (0.84, 1.41)
Death Index, supplemented with Social Security Administration data, pension death audit Dutation of
records, genealogy sources, and death certificates coded by a certified nosologist. Data employment
were analyzed using standardized mortality ratios (SMRs) and 95% confidence intervals and <3 yrs 130 LIS 0.99-1.33 56 0.88 0.66-1.14 236 L.07 0.94-1.22 0.87 (0.65, 1.15)
Cox Proportional Hazard models >-14 yrs 40 133 0.97-1.77 1S 0.82 0-46-1.35 ol L15 0.88-1.48 Cancer of Central Nervous 0.91 (0.53. 1.46
P | 15-29 yrs 37 1.68  1.18-2.32 19 1.89 1.14-2.95 56 1.74 1.31-2.26 System .91 (0.53, 1.46)
30+ yrs 33 1.77 1.22-2.49 7 1.12 0.30-2.86 37 1.66 1.17-2.29 0.85 (0.59, 1.19)
<
p for linear trend* 0.001 <0.001 <0.001
R E S U L T S Time since hire | —_—— 1.19 (1.08, 1.32)
< 10 yrs 1 0.47 0.01-2.60 1 0.43 0.01-2.37 2 0.44 0.05-:_.60 Other Non-malignant 0.98 (0.79, 1.20)
10-19 yrs g 099  0.43-1.96 3 0.42 0.09-1.22 11 0.72 0.36-1.29 Respiratory Disease
20-29 yrs 29 1.29  0.87-1.86 19 1.24 0.75-1.93 48 1.27 0.94-1.68 —_— 1.28 (1.14, 1.43)
Lung cancer mortality was not elevated at facilities with exposures only 30+ yrs 258 1.30  1.14-1.47 71 1.00 0.78-1.26 329 1.22 1.09-1.36
to insoluble forms of beryllium during any period, it was only elevated p for linear trend 0.007 - 0.036 =0.001 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
at facilities including soluble beryllium exposed workers and only for — AL Cancers Standardized Mortality Ratio (SMR)
. . . car oI Nire
those workers hired pre-1955. Mortality from all cancers was borderline 104 | Facility Type @ Mixed beryllium M Insoluble beryllium A Total cohort
significantly elevated among workers with time since hire of 30+ years for <1955 ] 105 0.97-1.09 183 R 0.91-1.22 1224 103 0.97-1.09
the total cohort. ONMRD mortality was also significantly elevated in the total 1955+ | 605 090  0.83-0.97 490 0.90 0.82-0.98 1095 0.90 0.85-0.95
cohort, driven by elevated mortality among mixed soluble/insoluble use p heterogeneity 0.008 0.077 0.001 C o N C L U S I o N S
- : : : Duration of
facilities and workers hired pre-1955, and among those with longer duration employment
of employment or longer time since hire, but was not elevated in facilities <5 13 099 0.04.106 460 0.96 0.87-1.05 {504 0.0 0.93-1.03
: : : : IS : 94-1. : 87-1. . 93-1. , , o , . . .
with exposure to only insoluble beryllium. No elevated mortality due to ’ 4 | | Elevated risks were concentrated in specific historical and exposure contexts. Lung No increase in lung cancer or other cancers for any timeframe for workers exposed to
kidney, bladder, or CNS cancer was observed in this cohort across facility ?51‘2‘5;8 ﬁé 8'S§ 8;;;"88 17202 8'32 8;‘3‘:;"(1); ;ig 8'22 8'23:(1)'(9)3 cancer mortality was elevated among workers employed in facilities that processed both only insoluble beryllium (the only form utilized in DoW defense systems) was observed in
type or exposure-duration categories, however in the individual facility 30+ yrs 132 104  0.87-1.23 21 0.82 0.51-1.26 153 100 0.85.1 17 soluble and insoluble forms of beryllium, particularly among those hired before 1955, this study. The study’s statistical power provided for a very robust analysis of the largest
analysis, bladder cancer was elevated at one facility with mixed exposures, b for linear trend* <0.001 0.007 0.01> when exposures were very high. In contrast, workers employed in facilities with exposure subcohort of workers exposed only to insoluble beryllium (which comprises over 98%
based on 19 deaths (SMR 1.71; 95% CI 1.03-2.67). The Cox models and T | | to only insoluble beryllium forms showed no elevated lung cancer mortality in any time of beryllium use) and provides strong support for the absence of elevated lung cancer or
10-year lag sensitivity analyses generally supported the main SMR findings. Time since hire i ired | i i itV ri i i
y g y yses g y supp g <10 yrs ”s 035 09305 24 0.83 0.58.1 1€ 50 053 0.40-0.68 perlod.evaluatec, and Wor.k.ers hired in 1955 or later did not show increased lung cancer other mortality risks from exposure to insoluble forms of beryllium.
10-19 yrs 92 0.65  0.52-0.79 64 0.75 0.58-0.95 156 0.68 0.58-0.80 mortality regardless of facility type.
20-29 yrs 211 0.86  0.75-0.98 128 0.91 0.76-1.08 339 0.87 0.78-0.97 . - . . A key limitation of this study is that facility type was used as a surrogate for exposure.
30+ yrs 131 107 1.09-113 447 0.99 0.90-1.00 1765 | 05 1 00-1.10 The most consistent excess mortality finding was for ONMRD, which was elevated in the While this approach allowed for broad comparisons between facilities with insoluble-only
8 <0.001 total cohort but was driven primarily by Wo.rkers I mlxed-ex.posure fac:llltles,.espeua ly beryllium exposure and facilities with both soluble and insoluble beryllium exposure, it may
p for linear trend* | <0.001 <0.001 those hired before 1955. However, ONMRD is a broad mortality category that includes also introduce exposure misclassification. Completion of a planned job exposure matrix for
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*weights are mid-points of categories of duration and time since hire






