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556 Cancers Due To Chemical Exposures at a Uranium Facility• Ritz 

Cancer Mortality Among Workers Exposed to 
Chemicals During Uranium Processing 

Beate Ritz, MD, PhD T 
Data provided by the Comprehensive Epidemiology Data Resource 

allowed us to study jmllems of cancer mortality as experienced by 3814 
uranium-processing workers employed al the Fernald Feed Materials 
Production Center in Fernald, Ohio. U5ing risk-set analyses for cohorts, 
we estimated the f'jfects o/ exposure to trichloroethylene, cutting fluids, 
and kerosene on cancer mortality. Our TPsults suggest that worker:~ who 
were exposed to trichloroethylene experienced an increase in mortality 
from canr:ers of the liver. Cutting-fluid exposure was found to be strongly 
associated with laryngeal cnncer:~ and,furthe:rmore, with brain, hemato­
and lymplwpoietir: system, bladder~ and hidney cancer mortality. Krro­
sene exposure increased the rrzte of death from several digestive-tract 
cancers (esophageal, stomach, /1ancreatic, colon, and rettal cancers) 
and from prostate cancer. Effect estimates for these cancers increased 
with duration and level rif exposure and were stronger when exposure 
was lagged. 
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' • 
he US Department of Energy re­
cently assembled the Comprehensive 
Epidemiology Data Resource 
(CEDR). 1 These epidemiologic data 
were collected at multiple nuclear 
facilities over the past 30 years and 
have been made available to the re­
search community at large for the 
first time. Combining several inde­
pendently collected data files in­
cluded in CEDR provided us with 
the opportunity to examine the influ­
ence of chemical exposures in the 
work environment of the Fernald 
Feed Materials Production Center 
(FFMPC) in Fernald, Ohio, on can­
cer mortality. Workers at the FFMPC 
processed uranium-ore concentrate 
and uranium of low-enrichment 
grade into fabricated uranium metal 
products and, to a much lesser ex­
tent, produced thorium metal. Oper­
ations began in late l 951 and halted 
in July 1989. The uranium-process­
ing work conducted at this facility 
involved the use of large amounts of 
nonradioactive industrial chemicals, 
many of which are potent respiratory 
irritants (hydrofluoric !-\Cid, ammo­
nia, nitric and sulfuric acid, tributyl 
phosphate) or suspected carcinogens 
(trichloroethylene [TCE] and cutting 
fluids). Large-scale chemical opera­
tions consisted of dissolving ore con­
centrates in nitric acids to produce 
uranyl nitrate solution, which then 
was purified via solvent extraction, 
concentrated through evaporation, 
and thermally denitrated to uranium 
trioxide. Uranium trioxide was con­
verted to uranium tetrafluoride and 
reduced to metal. Other chemical 
processes at the facility required fur-
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nacing or wet chemical-hydrometal­
lurgical processing. 

In the early 1980s, the widespread 
use of chemicals prompted Wilson2 

to conduct an investigation of respi­
ratory morbidity in FFMPC workers. 
The Wilson study provided historical 
measures of chemical use that, in 
combination with mortality data col­
lected for all workers monitored for 
radiation exposure, allowed us to 
examine whether cancer mortality 
was associated with exposure to 
these chemicals while also allowing 
us to control for the effects of radia­
tion exposures. In this report, we will 
focus our analyses on the effects of 
TCE, cutting fluids, and a combina­
tion of kerosene exposures with car­
bon (graphite) and other solvents. All 
of these chemicals were used in large 
quantities at the facility, and either 
these chemicals are suspected chem­
ical carcinogens or carcinogens were 
likely to have been formed in the 
processes in which they were used. 
The Fernald cohort is characterized 
by an extremely long follow-up and 
by the fact that its workers were 
monitored for exposure to both inter­
nal and external radiation. This arti­
cle is solely based on the data pro­
vided by the CEDR, and the 
description of this study' s methods 
relies on the CEDR documentation 1 

and the article by Wilson.2 

Materials and Methods 

Study Population 
The study population consists of 

3 814 white male employees identi­
fied from company rosters and per­
sonnel records who were first hired 
at the facility between January l, 
1951, and December 31, 1972, were 
continuously employed for at least 3 
months, and were monitored for ra­
diation. For all workers, vital status 
was last ascertained on January 1, 
1990. Thus follow-up began on Jan­
uary 1, 1951, or date of hire, which­
ever date was later, and ended either 
on the date of death or on December 
3 I, 1989, whichever date came ear­
lier. Mortality data for FFMPC 

workers are only available in the 
CEDR database for those workers 
who were radiation-monitored. Thus 
we had to exclude 287 workers for 
whom chemical-exposure data ex­
isted but who could not be matched 
to the records provided in the radia­
tion files. Approximately 88% of all 
cohort members were hired at the 
facility before 1960. Employment at 
the facility peaked in 1956 and 
slowly decreased until all operations 
halted in July 1989. Vital-status 
searches were conducted using two 
record systems: the Social Security 
Administration, for the period before 
1979, and the National Death Index, 
for the period 1979 to 1989. Workers 
not known to be alive and not iden­
tified by either· system as dead were 
assumed to be alive at the end of 
follow-up. Death-certificate informa­
tion was available for a total of 1045 
workers who died during the fol­
low-up period. 

Exposure Assessment 
In the late l 970s and early 1980s, 

plant experts-including industrial 
hygienists, a plant foreman, and an 
engineer-historically determined 
the likelihood of chemical exposure 
for each job title and plant area. All 
experts included in this rating proce­
dure had been at the company for at 
least 20 years and were supervised 
by the medical director during this 
task. For the period 1952 to 1977, 
these experts classified workers into 
four main categories of chemical ex­
posure, from none (level 0) to heavy 
(level 3 ). For the following analyses, 
measures of intensity (exposure 
level) and duration (exposure in 
years) were derived from the job­
exposure matrix created by the plant 
expert to describe exposure to TCE, 
cutting fluids, and kerosene. 

Approximately 62% of all workers 
held only one job title during em­
ployment at the Fernald facility, one 
quarter held two titles, and only 5% 
changed titles four times or more. 
Almost 45% of employees worked in 
one physical location of the plant, 
whereas one fifth moved between 
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locations more than five times. Only 
15% of the workforce was employed 
at the plant for less than 1 year, 31 % 
between I and 5 years, and over half 
(54%) for more than 5 years (ie, this 
cohort constitutes a fairly stable 
workforce). 

Externa] radiation exposure was 
re~orted as annual deep doses de­
ri v~d from film badge dosimeters. 
Internal radiation exposure was re­
ported as annual lung doses, based 
on individual urine bioassays and 
area sampling. Exposure to internal 
radiation-emitting particles at Fer­
nald originated from airborne long­
lived radioactive materials such as 
uranium, thorium, and radium com­
pounds. Most of the exposures, how­
ever, were due to U-235 isotopes 
varying from depleted to slightly en­
riched. Workers were placed on an 
internal-exposure monitoring pro­
gram for uranium when industrial 
hygiene surveys indicated high lev­
els of radioactive substances in the 
work environment. The soluble and 
insoluble uranium and thorium com­
pounds used at the facility may also 
have exhibited some chemical toxic­
ity, primarily targeting kidneys and 
lungs. Although no independent 
measures for the chemical toxicity of 
these radioactive compounds exist, 
estimates of internal radiation dose 
might reflect chemical toxicity to 
some extent. 

Smoking history was available on 
medical records for a small sub­
sample of workers (approximately 
20%) employed on or after January 
I , 1968, when the company intro­
duced pulmonary-function testing. 
Because information about smoking 
history was only available for ap­
proximately one fifth of all subjects, 
we were not able to adjust for smok­
ing in our analyses. However, we 
examined the smoking distributions 
by chemical exposure and deter­
mined whether such exposure was 
related to smoking prevalence. The 
records also provided information on 
salary status (hourly vs salaried; Ta­
ble 1). 
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TABLE 2 
Exposure to Chemicals, by Exposure Level, for Fernald Workers 

No. of Workers Exposed to 

Exposure Trichloroethylene 
Level (TCE) Cutting Fluids Kerosene 

------------------ -- ---------
1-Light 
2-Moderate 
3-Heavy 

2,792' 
179 

0 

1,792t 1,691 ; 
82§ 90511 

405~ 0 

; Approximately half of the workers were also exposed to cutting fluids. 
All workers were exposed to TCE and most were exposed to kerosene and carbon at 

level 1. 
; All workers were exposed to cutting fluids, TCE , carbon, and all respiratory irritants at 

level 1. 
§ All workers are also exposed to TCE at level 2. 
: All workers were exposed to carbon at level 2 but to no other chemicals . 

Some workers were exposed to TCE at levels 1 but to no other chemicals. 

results for models in which we ad­
justed for other chemicals. 

Results 
The Fernald cohort of white male 

workers is characterized by a long 
follow-up period (average, 31 .5 
years) and a high percentage of 
hourly employees (68%) (Table 1) . 
During the study period, 26.5% of all 
cohort members died ( 1045 total 
deaths; Table 1). Of these deaths, 
328 were due to cancer, yielding a 
total cancer-mortality rate of 273 per 
105/year (Table 1). 

Table 2 displays the exposure dis­
tribution of the three chemicals in­
cluded in our internal comparisons of 
cohort members. Most notably, low­
level exposure to all of the three 
chemicals of interest occurred in a 
large number of workers simulta­
neously (1691; 44% ). In addition to 
being exposed to these three chemi­
cals, these 1691 workers were also 
exposed to all of the respiratory irri­
tants used at FFMPC. Low-level 
chemical exposure to cutting fluids 
and kerosene thus almost always rep­
resents exposure to a combination of 
all of the chemicals used at the facil­
ity. Moderate exposure (level 2) oc­
curred either as a combination-type 
exposure or as a singular exposure, 
depending on the jobs and plant ar­
eas; moderate cutting fluid exposure 
always occurred in combination with 
moderate TCE exposure. The job 

titles for which such mixed exposure 
was documented were set-up work­
ers, riggers , and degreasers, whereas 
electricians (n = 92) were exposed 
to TCE at moderate levels only. No 
exposure to TCE was rated as heavy 
(level 3). Heavy cutting fluids expo­
sure (level 3) was attributed to ma­
chining tool operators and laboratory 
machinists, some of whom also ex­
perienced low-level TCE exposure. 
Moderate kerosene exposure was ex­
perienced by chemists and chemical 
operators (n = 905) all of whom 
were also exposed to moderate levels 
of carbon and all respiratory irritants. 
Thus, at the highest level at which 
kerosene exposure occurred (level 
2), any effects on cancer outcome 
represent the combined effects of 
kerosene and other chemicals ( car­
bon and solvents), but none of these 
workers was at the same time ex­
posed to TCE or to cutting fluids. 

The overall mortality rate was 
lower among Fernald workers than 
among US white males (SMR = 
0.84, 95% CI, 0.79 to 0.90); how­
ever, the rate of deaths from all 
malignant neoplasms was slightly in­
creased (SMR = I . IO; 95% CI, 0.99 
to 1.23; Table 3). Similarly, when we 
compared this uranium-worker co­
hort with NIOSH-CORPS workers, 
we found that the SMR for all causes 
was still lower (SMR = 0.81 ; 95% 
CI, 0.76 to 0.86) but the cancer 
mortality rate was even higher 

559 

(SMR = 1.24; 95% Cl, 1.11 to 1.38) 
among the uranium workers. Thus 
the Fernald cohort is generally 
healthier than other worker cohorts, 
especially with respect to cardiovas­
cular mortality, but exhibits a 24% 
increase in mortality due to cancers. 
Compared with the US population, 
the SMRs for the Fernald cohort 
w!re greater than one for cancers of 
all1digestive system organs, the pros­
tate, and the lymphopoietic system. 
Yet none of the Cis in these external 
comparisons excluded the null value. 

TCE exposure was strongly asso­
ciated with liver cancers (exposure 
duration, > 5 years; 15-year lag rate 
ratio [RR] = 12.1; 95% CI, 1.03 to 
144); Table 4). Furthermore, TCE 
exposure seemed to be associated 
with brain cancers in the analyses of 
single chemicals (Table 4) ; however, 
this effect completely disappeared 
when cutting-fluid exposure was 
added to the model. As shown in 
Table 5, cutting-fluid exposure at 
any level was associated with he­
mato- and lymphopoietic system, 

-brain, bladder, and kidney cancer 
mortality, but the estimates for high­
exposure levels were based on very 
small numbers of exposed cases. 
Cutting fluids were, furthermore, 
very strongly related to the rare can­
cers of the larynx ( exposure duration, 
> 5 years; 15-year lag RR = 236; 
95% CI, 9.93 to 5630); Table 5). 

Kerosene exposure at moderate 
levels (level 2) and of long duration 
( > 5 years) increased the rate of pros­
tate cancers, especially after adjust­
ment for TCE exposure (for 15-year 
lag RR = 4.50; 95% CI, 0.98 to 20.8 ; 
Table 6). Furthermore, when we ad­
justed for the other two chemicals in 
the models, kerosene exposure at 
moderate levels (level 2) was 
strongly associated with esophageal 
and stomach cancers (exposure dura­
tion, > 2 years; and 15-year lag 
RR = 9.22; 95% CI, 2.34 to 36.3; 
and exposure duration, >5 years; 
15-year lag RR= 12.4; 95% CI, 2.53 
to 60.8, respectively). Also, the re­
sults displayed in Table 6 suggest a 
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