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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NICSH conducts field {
investications of possible health hazards in the workplace. These

investigations are conducted under the authority of Section 20(a)(€) of the
Occupational Safety and Health Act of 167C, 29 U.S.C. 66S(a)(€) which

authorizes the Secretary of Health and Human Services, following a written

request from any employer or authorized representative of employees, to

determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical anc consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and

other groups or indivicduals to control occupational health hazards and to
prevent related trauma and disease.

-.ﬁr =

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.



INTRODUCTION

On August 17, 1982, the National Institute for Occupational Safety and Health
(NIOSH) received a request from the 0i1, Chemical and Atomic Workers
International Union (OCAK) and its Local 2-708 to conduct a health hazard
evaluation at the Kerr-McGee Nuclear Corporation's uranium mill in Grants, New
Mexico.* NIOSH was asked to evaluate health effects of exposure to uranium
ore dust and to yellowcake; a concentrate of natural uranium produced by the
mill. The union was particularly concerned about the nephrotoxic effects of
yellowcake because a NIOSH Health Hazard Evaluation at another uranium mill
had shown a correlation between increased B-2 microglobulin excretion (a
marker of damage to the proximal tubules of the %1dney) and duration of
employment in the yellowcake area of the mil1.(1

NIOSH investigators visited the Kerr-McGee uranium mill on November 9-1C,
1¢62. During the visit, we walked through the uranium mill from the crushing
circuit through the yellowcake packaging and shipping area. We also
microfilmed environmental and biological monitoring data, personnel records of
workers employed during the preceding two years, as well as seniority

rosters. Our goals in analyzing these data were (1) to determine the Tevels
of exposure to yellowcake at the mill (2) to compare these levels to pertinent
regulatory standards, guidelines and draft guidelines formulated by the
Nuclear Regulatory Commission and (3) to characterize the population of
workers exposed to yellowcake with respect to degree and duration of exposure.

EACKGROUND

The Kerr-McGee uranium mill has been operating at its present site since

1658, The primary function of uranium mills is to produce yellowcake, used
commercially in the manufacture of nuclear fuel, from uranium ore. The main
stages of the process involve (1) ore crushing and grinding, (2) ore leaching,
(3) uranium recovery from leach solutions, an¢ (4) drying and processing of
the refined product (yellowcake). This product is a chemically c??RTex
mixture of diuranates, basic uranyl sulfate, and hydrated oxides. The
Kerr-McGee Nuclear Corporation has Rub]ished a detailed description of the
processes used at their facility. (3

The Kerr-McGee Corporation is licensed to mill uranium by the Radiation
Protection Bureau of New Mexico under authority delegated by the HNuclear
Regulatory Commission (NRC). Both the Mine Safety and Health Administration
(MSHA) and the NRC have regulatory jurisdiction over uranium mills. A
Memorandum of Understancding signed by NRC and MSHA states that each agency
will coordinate the development of standards with the other agency.

* Effective October, 1583 Kerr-McGee realigned its uranium operations into two
subsidiaries. The uranium mining and milling operations are now operated by
the Guivira Mining Company.
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MATERIALS AND METHODS

1.

d.

Review of the 1iterature

Potential hazards by area of the milling process

Biological solubility influences the toxicity of a given uranium
compound. Dusts containing only poorly soluble uranium compounds are
cleared slowly from the lungs and pose a potential internal radiation
hazard. More soluble compounds are absorbed rapidly from the lungs,

decreasin th3 radiation hazard, but introducing the potential for renal
toxicity. (2,4

Before leaching (that is, in the ore crushing and grinding circuits) the
uranium in ore dusts consists mostly of uranium oxides with a relatively
small fraction of the more soluble uranium compounds. In addition to the
radiologic hazards associated with inhalation of uranium dusts,
significant concentrations in air of radon and its daughters may occur
near ore storage bins and crushing and grinding circuits. The process of
leaching converts much of the uranium to a complex mixture of sodium and
ammonium salts. These salts are absorbed rapidly from the lungs,

decreasin% yhe radiation hazard, but introducing the potential for renal
toxicity. 2

Several recent studies have examined the so?ubi]i}& of uranium aerosols at
various stages of the commercial milling process. s7)  These studies

have shown that uranium dusts encountered in industrial (mi11) settings
are seldom wholly soluble or insoluble. In reality, they are complex
mixtures of compounds of varying solubility. For example, Eidson (5)
found that the content of ammonium diuranate in yellowcake samples from
four mills ranged from 12-82%, depending upon the temperature at which the
yellowcake was dried. It is appropriate to regard the yellowcake drying
and packaging area as the mill process involving the highest exposures to
soluble uranium, and the crushing area as that primarily involving
exposure to insoluble uranium.

b. Radiologic hazards

In mi1ls, radiation is emitted primarily by radioisotopes in the U-238
decay series (Figure 1). The two exposure categories of particular
concern are the daughter isotopes of radon-222, and the long half-life
constituents of uranium ore dust (uranium-238, uranium-234, thorium=230,
radium-226, and lead-210).
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Radon daughters (polonium-218, lead-214, bismuth-214, and polonium-214)
have rapid rates of decay and short half-lives. Polonium-218 and
Polonium~214 emit alpha particles which penetrate poorly but produce
intense local tissue damage when deposited internally. Since the parent
compound, radon-222, is a gas, and since the daughter isotopes are small,
they attach readily to respirable particles of dust. The hazard exists
because inhaled dust deposits on the epith?liaT lining of the respiratory
tract, allowing intense local irradiation. Epid?mioiogica1 studies
have shown an excess of lung cancer in miners. The occurrence of
Tung cancer relates closely to the levels of exposure to radon daughters.
Because of these studies, the current standard for both mines and mills
limits occupafioga? exposures to 4 working level months (WLM)* over a 12
month period. Unlike uranium mines, mills and other surface
facilities have not been found to trap high concentrations of radon and
radon daughters. While the release of radon complicates the problem of
safe disposal of uranium mill tailings, occupational exposures of millers
are lower than those of miners. Similarly, two published U.S. morta}1ty
studies of mi1l workers did not show an excess of lung cancer. 14

Other potential sources of radiation are the long-lived isotopes contained
within poorly soluble uranium dusts. Exposure to relatively insoluble
compounds with a biologic half-1ife of greater than 50 days occurs in the
crushing and grinding areas of uranium mills. Some data from toxicologic
studies suggest that these Tess soluble uranium compounds may accumulate
in the trachecobronchial lymph nodes. For example, in animals inhaling
uranium dioxide dust at about 25 times the occupational limit for a
prolonged period (5 mg/m ., 6 hr/day, 5 days/week for up to 5 years) the
concentration of uranium in tracheobronchial Tymph ??g?s at autopsy was
approximately 20 times greater than in lung tissue. The Tung
concentrations in these studies were on the order of 3000 ug U/gm wet lung
tissue. Autopsy data, available on a few humans in whom lung tissue
concentrations wereless than 2 ug U/gm wet tissue, showed no evidence
sugges%in? proportionally higher concentration in tracheobronchial Tymph
nodes. Organ deposition of the uranium dust is hazardous because of
prolonged internal alpha irradiafio?. 0f particular concern is the
epidemiologic finding by Archer, {13) who observed a nearly four-fold
excess of deaths from lymphatic malignancies in a small cohort of uranium
millers (4 deaths observed versus 1,02 expected). A1l of the cases worked
in or near the crushing area of the mill where exposures to insoluble
dusts were highest. However, a subsequent mortality study of a larger
number of uranium millers found on} ? slight excess of Tymphatic
malignancies (excluding leukemia). It remains possible that at high
air concentrations of uranium dust, where much of the exposure is
respirable, substantial chest deposition may occur and be associated with
an increased risk of lymphatic malignancy.

* A working level is defined as any concentration of short-lived radon-222
daughters, in one liter of air, that results in emission of 1.3 x 10
million electron volts (MeV) of alpha particle energy. A WLM is defined

as the exposure to a concentration of one working level for a period of
170 hours.
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In mi1ls, which process unenriched uranium, external radiation is of less
concern than is internal. This is because the predominant emissions of
natural uranium are alpha and beta particles, which penetrate the skin
poorly. Alpha particles produce intense local irraciation when deposited
internally. In contrast, gamma emissions, which do penetrate the bocy,
are emitted in relatively small amounts.

c. Chemical Toxicity

The chemical toxicity of uranium has been studied extensively. During the
1940's the Manhattan project commissioned one of the most comprehensive
toxicologic studies in history, the results of which fill over 230C pages
in four volumes.{(17) That research, conducted on 12 different uranium
compounds, identified the kidney as the critical organ for soluble uranium
exposure, and defined the dose which would induce acute renal injury in
both animals and man.

Subsequent mgd;ea] research has confirmed the renal toxicity of soluble
uranium. (18-23)  Compouncs such as uranyl nitrate and uranium acetate

are used experimentally to create a model of acute renal failure. Injury
following acute exposure affects predominantly the proximal tubules.
Experimentally, abnormal excretion of glucose, albumin, and intracellular
enzymes in the urine progresses to either death or clinical recovery. The

kidneys of exposed animals who recover are more resistant to the acute
effects of continued exposure.

Although the present occupational standard for soluble natural uranium
(200 micrograrms per cubic meter, or 1x10-10 microcuries per milliliter
of air) is based upon the kidney as the critical organ, the standard is
actually four times higher than the estimate derived from the original
toxicological data.(4)” 1In part the present standard was selected
because of the absence of reported kidney disease in occupationally

exposed workers, although this has never been adequately
investigated, \¢

Medical surveillance of renal effects in occupational groups has been less
thorough than the original toxicological research. A two year follow-up
of an unspecified number of Taboratory workers was reported by

Howland. (¢4) Tre exposures were short, however, and since the subjects
were scientists, may be considered atypical of most of the industry.
Assessment of renal function was 1imited to measuring urine sugar and
albumin, and examining urine sediment. Katz (25) measured urinary
excretion of the tubular enzyme catalase among workers of two chemical
plants processing uranium compounds. Although the average urinary
catalase level was higher for these workers than for nonexposed controls,
suggesting kidney tubular injury, the results were regarded as ambiguous
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because of differences in urine concentration. Case reports of transient
albuminuria fe1lo?in? occupat1ona1 ov rexposures have been described from
the United States(24) and Eng1and However, the transience of the
albuminuria has been wrongly interpreted as evidence for the absence of
chronic renal injury. Albuminuria is a marker of glomerular dysfunction,
which can be produced by acute overexposures. Uranium is also known to
damage the endothelium of the renal proximal tubules at exposure levels
below those required to cause glomerular injury. Tubular injury is
characteristically not detectable by increase in urine albumin, but
rather, is reflected by an increase in exretion of Tow molecular weight
proteins, such as beta-2-microglobulin. No systematic medical or
epidemiological studies of renal function in uranium workers have been
published, nor have sensitive markers of proximal renal tubular damage
been used , such as urinary beta-2-microglobulin excretion or urinary
protein electrophoresis. The existing mortality studies do not resolve
the 1s?ue regarding nephrotoxicity in uranium mill workers. Archer et.
did not examine renal deaths as a distinct category. The study
by scott (26) did not take into account latency in its followup of 4,500
employees at a gaseous diffusion plant. Furthermore, the Scott study
grouped together deaths from all causes in its analysis, and failed to
separate %he data according to exposure group. A more adequate paper by
Polednak { examined mortality among 18,869 uranium enrichment workers
in Oak Ridge, Tennessee. The study sheds Tittle light on the chronic
renal effects of prolonged exposure to soluble uranium, however, since the
plant was only in operation for four years, and since the exposures were
predominantly to insoluble or to moderately soluble uranium.

Waxweiler et al recently analyzed causes of m?rtality among a previously
studied cohort of U.S. underground miners. ( A 3-fold increase in
deaths was observed from chronic and unspecified nephritis and renal
sclerosis (ICDA 591-594, 9 observed, 3 expected). A slight excess of
deaths from renal disease was also fou?d in a cohort study of U.S. uranium
millers (6 observed, 3.6 expected). The authors did not view this
excess as clearly occupationally related, because all of the cases were
short term workers and four died within 8 years of their initial
employment in a uranium mi1l. While neither of these studies is
sufficient to establish that prolonged expeosure to uranium causes renal
disease, the findings underscore concern about the chronic renal effects
of uranium exposure. Because renal disease is not always coded on the
death certificate, even if present, clarification of this issue requires
more sensitive techniques than mortality studies.

NIOSH conducted a Health Hazard Ev 1 ation at the Cotter Uranium Mill,
Canon City, Colorado in 1980-1981. NIOSH investigators examined
company industrial hygiene and b10assay records from 1975 to 1981. Both
air samples and urine samples 1975 to 1978, prior to the construction of a
new mill, indicated that exposures in the yellowcake drying and packaging
areas frequently exceeded occupational standards. Both area air uranium
monitoring and urine bicassay data in the new Cotter mill indicated that
exposures since 1979 had generally been within the standard.
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Because of the known nephrotoxicity of soluble uranium compounds, NICSH
assessed the kidney function of 39 uranium workers as compared with 36
age, race and sex matched local controls from a nearby cement production
facility. The assessment of kidney function demonstrated statistically
significantly increased urinary excretion of amino acids and of the small
protein beta-2-microglobulin in the urine of uranium workers compared to
local controls. The excretion of beta-Z-microglobulin was significantly
higher among the exposed when expressed in a variety of ways, including
clearance and clearance relative to creatinine clearance. These findings
were suggestive of renal (kidney) tubular injury, and are consistent with
the known toxic effect of soluble uranium on the kidney tubules. Although
the level of excretion was within some published population normals, the
amount excreted by the uranium workers clearly exceeded that of local
controls. Furthermore, within the uranium group, the Tevel of excretion
was significantly correlated with years of work in the yellowcake area of
the old mi1l. No clear evidence of impaired glomerular function was
evident in the uranium workers, compared to controls.

Based on these findings, NIOSH suggested that additional research be done
to determine whether sensitive tests of kidney tubular function should be
included in medical surveillance programs. In addition, NIOSH recommended
that the relationship between chronic renal disease and occupational
exposure to uranium be defined by epidemiologic studies.

d. Emerging concerns

Both uranium miners and millers have been observed to have an increased
risk of death from non-malignant respiratory disease. Waxweiler et al, in
a cohort mortality study of uranium miners, observed &3 deaths from "other
non-malignant respiratory diseases" with only 16.6 such deaths expected,
indicating that uranium miners had approximately a_five-fold risk of death
from this cause compared to the U.S. popu1ation.(11 Excess deaths from
"other non-malignant respiratory disease" have als b?en reported in a
mortality study of 2002 U.S. uranium mill workers.{(14) 1In this study,
mill workers were approximately 2.5 times more likely to die of these
causes than would be expected by U.S, death rates, based on 3¢ observed
and 15.6 expected deaths. Neither of these studies reported on the exact
c¢iagnoses contributing to this excess, but deaths from silicosis would be
coded in this category. Both uranium miners and millers have potential
exposure to silica; bulk samples of uranium ore were found to contain
42-95% alpha quartz in one study.(2€) A large survey conducted by the
U.S. Public Health Service in 1958-1961 found a 27.5% prevalence of
silicosis among uranium miners with 26-29 years exposure, and a 3.2%
prevalence among workers with 10-19 years ?xg?sure. Environmental silica
levels in uranium mines were not reported. 2€) A recent prevalence

survey of respiratory abnormalities among 192 uranium miners who had
accunulated at least 10 years underground experience by 1970 showed small
but statistically significant effects of uranium mining on two
measurementis of respiratory function. (29) 12 of 143 survey participants
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(8.4%) whose chest x-ray films were obtained had at least category 1/0
pneumoconiosis, which was equally prevalent in those with anc without work
experience in other types of mines. The opacities seen in the chest
x-rays were of the nodular type commonly seen in silicosis.

It is possible that uranium ore dust and radon daughter exposures
contribute to the excess mortality from non-malignant respiratory disease
among uranium miners and millers. A recent morbidity study of workers in
a uranium processing plant, in which silica exposure was minimal or
absent, found increased non-malignant respiratory disease ?mo?g workers
with higher cumulative uranium exposure compared to lower. 300" No

statistically significant associati?q ﬂas demonstrated for the
non-radioactive chemical exposures. (30

Pulmonary lesions have been inducec in experimental animals by
administration of silica-containing uranium ore dust in conjunction with
radon anc racdon daughters. In cdogs, the lesions consisted of pulmonary
hyalinosis, granulomatous reactions, vesicular emphysema and pulmenary
fﬁbrosis.(glj In Syrian hamsters, however, pulmonary emphysema was
induced not only by inhalation of silica containing ore with and with?ut
radon daughters, but also by treatment with radon daughters alone. (32

In another experiment, monkeys exposed to UO2 cust (which did no

contain silica) developed patchy, hyaline pulmonary fibrosis.

The increased risk of death from non-ralignant respiratory disease found
in mortality studies of uranium miners and millers reflects historical
rather than recent exposures. The extent to which reduced exposures to
silica, uranium ore dust and racon daughters among current mill workers
has reduced their potential risk of developing non-malignant respiratory
disease is unknown. However, given that silica, radon daughters and
uranium ore dust have all been shown independently to induce pulmonary
lesions in animals, there is some question as to whether separate
occupational health standards would be protective when workers are exposed
to all three substances concomitantly. Further research is necessary to
clarify this issue.

Data collected and methods of anaiysis.

Urine biocassay data

The urine bioassay program began at Kerr-ltcGee in December, 197€.
Operators in the yellowcake area submit rcutine samples every itwo weeks;
maintenance personnel are required to submit a sample if they have worked
for 4 hours or more in the yellowcake area in a calendar month.
Additional samples may be taken if either biocassay or envircnmental
monitoring results indicate excessive exposure. Employees are asked to
submit morning urine samples after being off work at Teast two days. Four
quality control samples (one uncontaminated plus three samples spiked at
15 ug/L, 30 ug/L and 45 ug/L) are submitted with each batch of routine
samples. The samples are analyzed by an outside laboratory. At the time
of the NIOSH visit, Kerr-McGee used a lower acticn level of 25
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ug/L and an upper action Jevel of 5C ug/L in interpreting the results of
urine uranium bioassays. (33) However, an employee was placed on work
restriction only if a confirming sample also exceeded 50 ug/L. In
January, 1%84, Kerr-McGee changed its urine uranium bioassay policy to
allow higher exposures before work restriction is triggered. Currently,
Kerr-ticGee places an employee on work restriction only if two consecutive

biweekly or special sam?le? exceed 130 ug/L, or four consecutive biweekly
samples exceed 30 ug/L.(34

Air monitoring in the yellowcake area

Area air sampling data were obtained for the period 1970 to 1982,
Currently, the yellowcake area is sampled weekly at 32 Tocations; in the
early 1970's the area was sampled at least monthly at the same locations.
Prior to May, 1579, a fluorometric method was used to analyze air samples;
after that time a radiometric analysis was used. The results of the
fluorometric analyses are expressed as u Ci/ml or ug/M3, while the

results of the radiometric analysis are expressed as disintegrations per
minute per liter (DPM/L). In March of 1979, the health physics staff at
Kerr-McGee used both methods to sample the precipitation and packaging
areas and found that the results "were fairly close - for most samples
they are within plus or minus 0.07 MPC of each other". The radiometric
MPC°s were, however, almost always lower than the fluorometric results.
Since 1972, a time weighted average has been calculated for each
individual for a sampling period by weighting the uranium ccncentration at
different job sites by the time the operator spends at the site. Time
studies are conducted annually. NIOSH did not obtain a copy of the
technical methods used for the fluorometric analysis; methods for the
radiometric analysis are described in Kerr-McGee's "Environmental, Health
Physics and Industrial Hygiene Standards and Technical Manual".(35) It

appears that with both methods, it was standard practice to run sampling
pumps for 5 minutes.

Cur main purpose in analyzing the air data was to determine whether there
had been a marked change in uranium air concentrations in the yellowcake
area over the period 1570-1582. In order to do this, we calculated the
arithmetic mean of air levels in the “precipitation" and "drier" areas in
1670 and 1975 and the ratio (x 100) of the mean annual air level to the
current maximum permissible concentration (MPC). Since the 1980 samples
were in units of DPM/L and could not be directly compared to the 1970 and
1975 values, we calculated the mean percent of the current MPC for air
concentrations in the “"precipitation" and "drier" areas for January,
April, July and October of that year.
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There were three sources of data on personnel assignments. The urine
bioassay data contained very specific work assignments for individuals
sampled by two week periods 1975-82. Personnel records of workers
employed during 1580-82 contained complete job histories since the worker
was hired, but the job titles used were considerably more general than the
bioassay assignments. In the personnel records, operators in the
yellowcake area do not have a specific designation, but are included in
the "SX-operator" category (SX is an abbreviation for solvent
extraction). Approximately 3C% of individuals with jobs coded in the SX
category actually work in the yellowcake area. Union seniority lists,
which were wmicrofilmed for the period 1570-1582, also included yellowcake
workers in the SX-operator category. It was therefore impossible to use
the personnel and union seniority records to estimate, for each
individual, the number of years worked in the yellowcake area. Instead,
we tried to identify indivicduals with relatively high or long-term
exposure by examining the work histories of individuals whose mean urine
uranium equallec or exceeded 15 ug/L and individuals who had 25 or more
samples taken in the urine biocassay program. As the urine bioassay
program ccncentrates on workers in the yellowcake area, this would
presurably identify individuals with Tong-term assignments in this area in
the past several years. Ule also reviewed the union seniority lists and

examine¢ the duration of employment in the SX area for individuals who
worked in this area 1570-7E.

EVALUATION CRITERIA

Feceral standards for protection against radiation are contained in

10 CFR Part 2€.{12) These standards stipulate a Maximum Permissable
Concentration (MPC) for natural uranium in air of 1,0 x 10710 i
microcuries per milliliter of air (uCi/m1), 200 ug uranium per meter< of
air or C.222 disintegrations per minute per liter of air gross alpha
activity average for a 40 hour workweek. New Mexico's licensing
conditions are consistent with federal regulations pertaining to external

radiation dose and air and water concentrations promulgated in 10 CFR Part
20.

In addition to federal standards, the lNuclear Regulatory Commission issues
regulatory guidelines which may or may not be adopted in State licensing
conditions. OCraft regulatory quides which have been used in the
preparation of this report are:

1. Health Physics Surveys in Uranium Mills (issued August 1980). (2)
Z. Information Relevant to Ensuring that Radiation Exposures at Uranium

Mills wi]} be as Tow as is Reasonably Achievable (issued August
198¢). (36

3. Bioassay at Uranium Mills (issued 1678).(37)
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There are no regulatory standards pertaining to bioassay results at
uranium mills. However, guidelines for obtaining and evaluating samples
were provided in Draft Regulatory Guide 8.22, Bioassay at Uranium
Mills.(37) This guide stipulates that workers in the yellowcake
concentrate areas of mills should have urine collected for biocassay every
two weeks and that samples should be collected at Teast 48 hours, but not
more than 96 hours, after the most recent occupancy of the yellowcake
area. The regulatory guide recommends a Tlower action level of 15
micrograms per liter (ug/L) and an upper action level of 30 ug/L to

protect against chemical toxicity to the kidneys. The basic formula for
calculation of the action Tevel is:

[3ug U/gm kidney x 300 gms. x (.693/15) days] /1.4 1iters/day

where 3 ugU/gm = the experimental nephrotoxic limit for human ki?ney
dose (3,38

300 grams = the average human kidney weight(38)

I.3§g71§ days) = the first order elimination constant, where %5 ?ays

represents the biological half life determined experimen%a1}y 38

1.4 liters/day = the average human urine excretion rate. (38

Actions recommended by the draft NRC regulatory guide when the urine
uranium concentration is 15 to 30 ug/L include repeat urinalysis,
determination of why air samples did not warn of excessive concentrations
of airborne uranium, identification of the cause of airborne uranium and
initiation of control measures. Bijoassay should be performed for other
potentially exposed workers, and work assignment limitations should be
considered to ensure the worker does not exceed a urine uranium
concentration of 30 ug/L. When the urine uranium concentration exceeds 30
ug/L, operations should be continued only if it is virtually certain that
no worker will exceed a urinary uranium concentration of 3 uglL. and work
restrictions should be established for affected employees. 37

The current Kerr-McGee bioassay policy is at variance with the NRC
guidelines in several respects. The company policy disregards the
recommendations to curtail worker exposure at the Tower (15 ug/L) and
upper (30 ug/L) action levels recommended by the NRC. The NRC guidelines
state that at the urinary uranium concentrations now used to trigger work
restrictions for Kerr-McGee employees, 30 ug/L for four consecutive
specimens or greater than 130 ug/L for any specimen*, there is a
"possibility of renal damage to the worker." At these levels, the NRC
recommends having an additional urine sample tested for albuminuria.

* The NRC guide stipulates 130 ug/L for any specimen, while the Kerr-McGee
bioassay policy stipulates two consecutive biweekly or special samples.



1'

i D

RESULTS

Urine uranium bioassay data

a. Urine uranium standards

Figure 2 summarizes the results obtained from 0, 15, 30 and 45 ug/L
standards analyzed along with urine samples. There is fairly high
variability in the measurements which could result from problems in the
method of spiking samples or problems in the analytical method. There was
also a tendency for the 15 ug/L standards to give readings higher than the
true value, while the 30 ug/lL and 45 ug/L standards tended to have results
Tower than the true value. If the results on standard samples reflect the
degree and direction of laboratory measurement error, rather than errors
in spiking, we would infer that results of bioassays in the Tower end of
the range might be overestimated and those in the upper end of the range
might be underestimated. In addition, caution must be used in
interpreting the results of a single sample because the measurement error
appears to be so large.

b. Urine uranium bicassay results -~ overall

1181 samples were taken from 156 workers (including control samples)
during the periocd December, 1979 to October, 1982. The number of
samples taken per individual ranged from 1 to 51, with a mean of 7.2
samples and a median of 3 samples.

Table 1 shows the overall distribution of results (excluding control
samples). 23.9% of samples exceeded the NRC lower action level of 15
ug/L and 9.3% of samples exceeded the NRC upper action level of 30
ug/L. Table 2 compares the urine uranium bioassay results at the
Kerr-McGee uranium mill with those at the Cotter uranium mill
previously studied by NIOSH. The urine uranium results at Kerr-McGee
from 1979-1982 were in the same general range as those at Cotter
1976-1981. (The sampling results at Cotter were considerably higher
during 1975.)

¢. Urine uranium levels, by person
Table 3 shows the distribution of individuals by mean and median
uranium values. 45.5% of individuals had median urine uraniums of less
than 5 ug/L; 42.9% had medians of 5-14.99 ug/L and 10.9% had medians of
15-29.99 ug/L. No individual sampled repeatedly had a median of 30
ug/L or greater. In general, urine uranium levels of individuals
sampled repeatedly were highly variable, probably reflecting changing
job and work assignments and varying levels of air contamination in
work areas over time. '
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d. Urine uranium levels, by job

Table 4 shows the distribution of urine uranium levels by job (jobs
were grouped as shown in Appendix I). Workers in "yellowcake
precipitation” had the highest mean urine uranium level (20.5 ug/L),
followed by workers in yellowcake drier (19.0 ug/L) and yellowcake
"general" (11.4 ug/L) areas of the mi1l. Supervisors generally had low
levels of uranium in their urine (mean of 4.1 ug/L).

Air monitoring in the yellowcake area

Table 5 summarizes air monitoring results obtained in the drier and
precipitation areas of the Kerr-McGee uranium mill 1970, 1975, and 1980.
The results were divided by the current MPC (in appropriate units) in
order to provide a basis of comparison over time. The results do not
indicate that there has been a trend toward either lower or higher average
exposures in these areas 1970-1982. At the Cotter uranium mill the means
from 1975-1981 ranged from 7.4% to 227% of the MPC.

Number of workers in the yellowcake area and their duration of employment

At the time NIOSH investigators visited the Kerr-McGee uranium mill, 65
hourly workers and 40 salaried workers were involved in mill production
jobs. In addition, there were 44 hourly and 12 salaried workers assigned
to the maintenance and electrical departments of the mill. The yellowcake
area was operating on 3 shifts, 4 days a week, with one person assigned to
operate the drier and one person assigned to operate the precipitator in
the yellowcake area. In addition to workers assigned to full~time Jjobs in
the yellowcake area, supervisory personnel and maintenance and electrical
personnel may walk through or work in the area. Currently, maintenance
and electrical workers performing non-routine operations in the yellowcake
area are required to wear respiratory protection.

In the hazard evaluation conducted by NIOSH at the Cotter uranium mill,
there was a correlation of B-2-microglobulin excretion (a marker of renal
tubule damage) and years of exposure to yellowcake (Figure 3). Workers
with Tess than 8 years of employment in the yellowcake area showed little
or no effect. Although a medical evaluation of kidney function at the
Kerr-McGee mill would not necessarily include only long term yellowcake
workers, this is the group in which we are most likely to observe an
effect., We therefore tried to identify the numbers of workers with recent
and Tong term exposure to yellowcake from available records (as described
under "methods"). The results are shown in Table 6. Eleven workers were
identified from bioassay records as having worked more than one year in
the yellowcake area within the past 3 years; however, none had worked in
yellowcake over eight years. There were, in addition, several supervisors
who had over 10 years employment in the SX area prior to their transfer to
supervisory jobs, but we do not know if they actually worked in
yellowcake.
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According to union seniority rosters, as of 197%, 4 indivicuals had worked
in the SX area for over £ years; as of 78 there were 3; as of £0 there
were 2 and as of 82 there were £ (4 of whom started in 1577). We conclude
from this that there may be a few workers with long term exposure to
yellowcake who were no longer working at the Kerr-McGee mil1l when the
bicassay program began in 1S7S. Most workers assigned to full time jobs
in the yellowcake area have worked there for less than & years. This
obviously limits the ability of a medical study to detect renal changes
associated with Tonger-term exposure.

DISCUSSION AND CONCLUSIONS

1. Evaluation of exposures

a. NIOSH investigators based our evaluation of exposures primarily on
urine bioassay results obtained from 1878 to 1682. He chose to examine
urine uranium levels because they are a direct measure of the amount of
uranium that has been absorbed by the body and excreted by the kidney,
and are therefore a more direct correlate of potential renal damage
than are air uranium measurements. The majority of Kerr-McCee workers
sampled in the urine bioassay program had mean and median urine uranium
values below the NRC lower action level of 15 ug/L, but workers with
jobs in the yellowcake drier and precipitaticn areas had mean urine
uraniums above 15 ug/L. As shown in Table 4, 16.4 % of samples from
workers in the yellowcake drier area and 19.0% of samples in the
yellowcake precipitation area exceeded 20 ug/L, the Tevel at which the
NRC guidelines recuire work restrictions for affected employees, as
well as other actions to prevent continued worker exposure. The NRC
action levels are set to maintain uranium concentrations in the kidney
below concentrations that produce renal damage in animal studies.

b, NIGSH's analysis of extensive air monitoring cdata obtained from
Kerr-McGee was primarily directed at determining whether there was
evidence for a substantial increase or decrease in air uranium
measurements from 1970-1982. We found that the ratio of the mean
divided by the current MPC (x 100) was similar in 1970, 19275 and 1880
for samples taken in the drier and precipitation areas. Althouch these
annual means were approximately one-third of the MPC, we did not fully
evaluate the air monitoring data in terms of specific sampling sites or
weekly and quarterly exposures, and cannot draw further conclusions
about worker exposure based on these data.
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Evaluation of Kerr-McGee biocassay policy.

We questicn the rationale for the latest revision in the Kerr-McGee
bioassay cuidelines. The current policy places employees on work
restriction only when urinary uranium concentrations exceed levels at
which the NRC suggests that renal damage may occur (30 ug/L for four
samples or 136 ug/L for two samples). In so doing, it ignores the NRC's
recommended upper action Tevel of 30 ug/L for a single sample. Since $0%
of the urine uranium concentrations measured among Kerr-licGee workers were
below 30 ug/L, it would seem feasible for Kerr-McGee to adopt the
NRC-recommended action level (30 ug/L). Such a policy would ensure prompt
identification of excessive exposures not otherwise detected by the
monitoring program, and woculd better protect individual workers against
renal damage. In view of the ALARA, or "as low as reasonably achievable

concept," there appears to be no justification for making the evaluation
criteria more lenient.

Feasibility and usefulness of a medical study.

a. Rationale for conducting a study

As was discussed in the literature review, there is a need for
additional research to define the relationship between chronic renal
disease and occupational exposure to uranium. We therefore have
considered the feasibility of examining Kerr-McGee workers to determine
whether there are detectable changes in proximal renal tubular function
associated with degree or duration of exposure to soluble uranium. In

doing so, our main source of data regarding predicted effect is the
Cotter uranium mi1l hazard evaluation.

b. Comparability of exposures to uranium at Kerr-McCGee and Cotter

From 1676 on, urine uranium measurements at Cotter were roughly in the
same range as those at Kerr-McGee. In 1875, however, urine uranium
levels at Cotter were considerably higher. It is difficult to compare
air measurements from Kerr-bcGee ana Cotter because we did not analyze
them in great detail and because there was such high variability in
mean air levels at Cotter from 1675-1981 (from 7.4% to 227% of the
MPC). Based on the urine values, we would conclude that exposures at
Kerr-ticGee and Cotter were reasonably comparable.

c. Comparability of duration of exposure at Kerr-McGee and Cotter

As can be seen in Figure 3, 14 of 39 individuals included in the Cotter
medical study had & or more years of full- or part-time
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exposure to yellowcake. At Kerr-McGee, as shown in Table 7, we were
unable to identify any individual with 8 or more years of work in the
yellowcake area of the mill. At Cotter, workers with fewer than 8
years of exposure to yellowcake showed Tittle or no correlation between
clearance of beta-2-microglobulin relative to creatinine and duration
of exposure. Because the effect observed at Cotter appeared to be
associated with long-term, cumulative exposures, we consider it highly
unlikely that a medical study utilizing B-2 microglobulin clearance
relative to creatinine as a marker of proximal renal tubular damage
would show a significant correlation with duration of exposure or a
significant difference between Kerr-McGee workers and a non-exposed
population. A study showing no evidence for renal toxicity in this
population would not be truly reassuring because it may be that such
damage would occur if exposure continued for 10 or more years.

How the potential renal toxicity associated with long term exposure to
yvellowcake might be studied

There are several ways in which to assess whether long term exposure to
vellowcake causes renal damage. One type of study would be a mortality
study in which causes of death among workers employed in uranium mills
as much as 20 or 30 years ago would be examined. The difficulties in
this type of study would be that historical records might not contain
information about who worked in yellowcake, as opposed to other areas
of the mii1l, and that renal disease, even if present, often is not
recorded on the death certificate. A more intensive study could be
done by identifying the same group of workers, but in addition to
collecting the death certificates, contacting workers who are still
living to determine if they have ever had renal disease as well as
interviewing next-of-kin and obtaining medical records of deceased
individuals. This type of study would be very expensive and difficult
to conduct if a large group of workers were followed (as would be
necessary for a good study). The third option would be to examine a
group of workers with ten or more years exposure to yellowcake who are
still employed in the industry. In this type of study, which is
similar to the medical study conducted at Cotter, we could use
techniques that are sensitive to the type of renal damage induced by
uranium to determine whether kidney function has been affected by the
exposure. Kidney function in long term yellowcake workers could be
compared to kidney function among individuals with shorter exposure and
individuals who reside in the same area but have not worked in a
uranium mill or mine. In our opinion, this last type of study is the

next logical step in answering questions about the renal toxicity of
uranium.

Prior to initiating such studies, NIOSH investigators consider how many
people should be included to have a reasonable chance of detecting an
effect. We do this by calculating statistical power,
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which is the probability that a study with a given number of
participants could detect the specified effect if it truly existed in
the study population. Although a number of different statistical
analyses could be done, the simplest one is the test cof whether
clearance cof B-2 microglobulin (relative to creatinine clearance)
differs in the yellowcake exposed and non-exposed populations.

In the Cotter study, NIOSH found that the mean of this relative
clearance was 1.5 times greater among exposed workers than controls.
It we selected a population composed exclusively of long term workers,
we would Tike tc be able to detect a difference at least this large
between the long term workers and unexposed contreols. If the mean
relative clearance (m1/min beta-2-microglcbulin divided by ml/min
creatinine) among control workers is 2.62 x 1074 (as it was at
Cotter) and the mean among exposed workers was 3.S5 x 1074 (as it was
at Cotter) we would Tike to select a sample size such that the
confidence intervals of the "cogtro]" means (Mcont) and the "exposed”
means (Mexp) do not over1ap.(39 The nulil hypothesis in this case is
that the "control” mean and "exposed" means are equal (that is Mexp -
lcont = 0) anc¢ the alternative hypothesis is that (Nexp=-Mcont) = 1.33 x
107%. We therefore wish to select the number of exposed (Mexp) and
control (Ncont) so that: Y

Taijd 5 /0 ] 33 x10 7

/ ‘/Mea‘p* £ 1.3

Neewt =

52: 0. OO0 ()ﬂ-’"{‘
Cafa = A

- A}Qt:w t i ) -4
Nexp = 2 2 1.33x10
So: LC«OGO)‘L") ‘/Nexp -

The minimal value of Nexp for which this is true is 27. Thus, in

planning a study comparing the renal function of long term yellowcake
workers and unexposed individuals, the minimal number of people we
should study is 27 exposed and 27 controls.

RECOMMENLATIONS

1. Kerr-McGee should use the most recently proposed NRC regulatory guideline

for urine bioassay, which specifies 15 ug/L as the lower action level and
30 ug/L as the upper action level,

2. Worker exposures to uranium dust in the yellowcake drier and precipitation
areas should be reduced so that few urine samples from workers in these
areas exceed 15 ug/L. When urine uranium concentrations do exceed 15
ug/L, actions specified in the KRC regulatory cuideline should be taken.

These actions include identification of the cause of airborne uranium and
initiation of
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control measures. When the urine uranium concentration exceeds 30 ug/L,
operations should be continued only if it is virtually certain that no
worker will exceed a urinary uranium concentration of 30 u?/L and work
restrictions should be established for affected employees. (35)

Although a medical study of the effects of long term exposure to
yellowcake is not feasible at Kerr-McGee, because of the relatively short
duration of exposure of most workers to yellowcake, such studies would be
valuable in assessing the health risks of uranium. In order to achieve
adequate sample size for such a study, it may be necessary to examine

workers with long-term exposure to yellowcake from several mills or other
parts of the uranium industry.
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Division of Technical Services, Publications Dissemination, 4676 Columbia
Parkway, Cincinnati, Ohio 45226. After 90 days the report will be available
through the National Technical Information Service (NTIS), Springfield,
Virginia, 22161.

Copies of this report have been sent to:

1. Requestors

2. New Mexico State Health Department

3. NIOSH, Region VIII

4, MSHA, Region VIII

5. OSHA, Region VIII

For the purpose of informing the "affected employees," the employer shall
promptly post the report for a period of 30 calendar days in a prominent place
near where the exposed employees work.
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TAELE 1
DISTRIBUTION OF URINE URANIUM
RESULTS FRCM KERR-MCGEE
Number of

Samples
438
420

165

22
30
10

]

Percent of
Samples

38.9

0.1

0.2

23.6% of samples exceeded the NRC lower action level of 15 ug/L and
$.3% of samples exceeded the NRC upper action level of 30 ug/L.
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TABLE 2
COMPARISON OF URINE URANIUM BIOASSAY RESULTS
AT THE KERR-MCGEE URANIUM MILL WITH
THOSE AT THE COTTER URANIUM MILL

URINE URANIUM LEVELS AT COTTER: 1975-1981

Number of Arithmetic Percentiles Percent exceeding

Year Samples Mean Median 5th-95th 30 ug/L

1975 115 65.2 20 7.0-120 39.1%
1976 141 18.9 8 2.5-92 19.9%
1977 154 20.5 7 2.5-70 20.8%
1978 125 19.1 5 2.5-47 8.0%
1979 887 12.2 6 4,0-37 2.7%
1980 904 9.1 L 4,0-15 1.5%
1981 377 1.2 6 4,0-14 0.0%

URINE URANIUM LEVELS AT KERR-MCGEE: 1979-1982

Number of  Arithmetic Percentiles Percent exceeding
Year Samples Mean Median 5th-95th 30 ug/L
1979 22 17.9 10 1-73 18.2%
1980 347 12,8 6 1-50 8.9%
1981 433 11.3 6 1-45 9.2%
1982 320 12.0 7 1-42 8.1%
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TABLE 3
DISTRIBUTION OF INDIVIDUALS
BY MEAN AND MEDIAN
URINE URANIUM VALUES

NUMBER OF INDIVIDUALS

Mean (%) Mean (%) Median (%)

(3 high (3 high

values values

included) excluded)
Less than 5 64 41.0% 64 41.0% 71 45,5%
5 to 14.99 66 42.3% 66 42.3% 67 42.9%
15 to 29.99 19 12.2% 21 13.5% 17 10.9%
30 or greater 7 4.5% 5 3.2% 1 0.6%

(only 1 sample)
Total 156 156 156
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TABLE 4 %
URINE URANIUM LEVELS BY JOB
(IN ORDER OF INCREASING MEAN URINE URANIUM LEVEL)

# of # of . Pepcentiles 2 of s

J6B Samples* Individuals™* Mean Median g%ﬁ-gglﬁ SxCéSE?JS
30 ug/L
Ore crushing 2 2 1.0 1 1.0-1.0 0

SX (no samples -- - - - - —

Supervisor, area

unspecified 238 17 4.1 1 1.0-12.0 1.3
Maintenance/

Electrical

area unspec. 238 63 7.8 5 1.0-13.0 3.4
Yellowcake

packer 7 5 8.0 6 1.0-19 0.0
Laborer,

area unspec. 13 14 8.5 5 0~-45.0 7 o
Yellowcake

aeneral 45 24 11.4 6 1.0-48.6 13.3 %
Yellowcake

drier 201 34 19.0 12 1.0-64.0 16.4
Yellowcake

precipitation 179 22 20.5 12 1.0-67.0 19.0

* Excluding samples with missing results
**Including individuals with missing results
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TABLE §
MEAN AIR CONCENTRATIONS OF URANIUM IN THE

YELLOWCAKE AREA OF THE KERR-MCGEE URANIUM MILL
(1970, 1975 and 1980)

Year u Ci/ml x 10711 2Current MPC*
Drier area 1970 2.42 24,2

1975 3.24 32.4

1980 ==k 36.0
Precipitator Operators 1970 2.26 22,6

1975 2.60 26.0

1980 ==tk 38.0

* MPC = 1.0 x 10710 y Ci/m1.
** The 1980 measurements were in units of disintegrations per liter of

air per minute gross alpha activity and should be compared to an MPC
of 0.222 DPM/L.
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TABLE 6

DURATION OF WORK AND CURRENT STATUS AMONG
WORKERS EMPLOYED IN THE YELLOWCAKE AREA

1979~-1982
Bioassay Total years Total years Job Currently
ID at mill in YC area* * employed?
122 4 11/2 Precipitator Operator/ No

Drier Operator

114 5 2 Drier Operator/ No
Precipitator Operator

132 4 3 YC Operator/ Yes
Drier Operator/
YC Maintenance Sub.

121 4 3 Drier Operator No

116 5 3 Drier Operator No

102 6 3 Precipitator Operator Yes

111 5 4 Drier Operator/ Yes
Precipitator Operator

117 6 4 Precipitator Operator | Yes

129 8 4 Drier Operator/ Yes
Drier Substitute

110 6 6 Precipitator Operator/ Yes

Drier Operator
107 7 7 Precipitator Operator Yes
*These individuals were selected from the biocassay records by examining work

histories of individuals with either mean urine uranium levels over 15 or
more than 25 bioassay samples.
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APPENDIX I

Grouping of Jobs of Kerr-McGee Workers

Area

Ore Crushing

SX

Yellowcake Drier

controls

Yellowcake packer

Yellowcake precipitation

Yellowcake general

Supervisory area unspecified

Job Titles Included

Crusher, 2nd class operator
Crusher, utility operator

SX operator

Drier relief

YC Drier sub/trainee

YC Drier substitute

YC Drier trainee

YC Operator - drier

YC Operator - drier (sub)

Elec. drier/dismantie wires
Maintenance drier carpentry work
Elect. drier/dismantle controls
Elect. drier/dismantle wires &

Maint. drier overhall
Maint. sub (YC oper. drier)

Packaging
Temp. packaging

Temp Precip.

YC operator - precip.

YC precip. oper. transferred to labor
Precip. Misc. cleanup work

Precip. oper. (was drier operator)
Maint. Precip. misc. EMICO rakes
Maint. precip. overhall

YC substitute

YC sub. cleanup/washdown

YC Maint. helper (cleanup)

YC Maint. and sub.

Maint. drier/precip. overhall
Maint. drier/precip. foreman

Area foreman

Foreman

Maintenance - shift boss
Shift foreman-milling
Shift - mil1l foreman
Shift boss - milling
Relief foreman
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Maintenance/electrical unspecified Electrician
Elect. sub. (student)
Maintenance
Maintenance - carpenter shop
Maintenance - paint shop
Maintenance = rubber shop
Student summer help - Maint.
Maint. sub. laborer
Maint. sub. (paint shop-student)
Maint. sub. (rubber shop-student)
Maint. sub. (utility oper.)

Laborer, unspecified Laborer

Laborer/misc. duties
Student summer help
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