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This project is investigating levels of uranium mine air contaminants, using both large and small exper
imental animals to model human respiratory system disease. Lung cancer and deaths by degenerative 
lung disease have reached epidemic proportions among uranium miners, but the cause-effect relation
ships for these diseases are based on inadequate epidemiological data. This project identifies agents or 
combinations of agents (both chemical and radiological), and their exposure levels, that produce respi
ratory tract lesions, including respiratory epithelial carcinoma, pneumoconiosis, and emphysema. 

Small-Animal Studies 

Approximately 2000 male, specific-pathogen
free Wistar rats are currently on study; 
the 4000 and 5000 Series experiments (Ta
bles 1 and 2) are designed to clarify the 
roles of unattached RaA daughters, and the 
degree of radon daughter disequilibrium, in 
the development of respiratory system dis
ease. The 6000 and 7000 Series experiments 
(Table 3) are designed to develop the rela
tionships between response and exposure to 
radon daughters (at two rates of exposure) 
and carnotite uranium ore dust. The 8000 
Series experiments (Table 4) are designed 
to extend the exposure-response relation
ships to levels appropriate to current ex
posure conditions in the mines and to life
time environmental exposures. The expo-

TABLE 1. Radon-Daughter Unattachment Fraction Study in 
Rats (4000 Series experiments). 

Total 
Exposure Regimen l,,, Exposure. Wli'v1 Ib) 

500 WL Radon Daughlers 5120 
low RaA unattachnwnt (cv 2')o) 

rv 1') Illgim ~ Lraniufll Ure Du~t 

SOO WL Radon D,lughters S120 
Intermediate RaA unattachment IrvlOo,o) 

rvO.7 mg/m' L'ranium Ore Dust 

SOO WL Radon Daughters ) 120 
High RaA Unattachment ("'24%) 
"'0.4 mgim) Uranium Ore Dust 

Controls 

(a) 32 animals in edeh group, exposed 90 hr/wk 
Ib;Worklng level (WLI IS defined as any combination of the 

short-lived radon daughters in 1 liter of air that will result 
in the utlimate emission of 1.3, 105 MeV 01 potential 
a-energy. Working Level ,Month (WLM) IS an exposure 
equivalent to 170 hr at a 1-WL concentration. 
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TABLE 2. Radon-Daughter Disequilibrium Study in Rats 
(5000 Series experiments). 

Exposure Regimen(a) 
Daugbter Equilibrium Ratios 

Rn RaA 

0.9 
0.5 

Controls 

RaB 

0.4 
0.07 

RaCe 

0.2 
0.01 

Total 
Exposure, WLM(b) 

5120 
5120 

(a) 32 animals in each group, exposed 90 hr/wk at 500 WL 
and 15 mg/m 3 uranium are dust 

(blWorking Level (WL) is defined as any combination of 
the short-lived radon daughters in 1 liter of air that will 
result in the ultimate emission of 1.3 x 105 MeV of 
potential a-energy. Working Level Month (WLM) is an 
exposure equiv<llent to 170 hr at a 1-WL concentration. 

sures of 7000 and 8000 Series animals are 
current ly in progress; the exposures of 
4000, 5000 and 6000 Series animals are com
pleted; a few of the 6000 Series animals 
are still living. 

We have concluded that the most significant 
lesions related to radon daughter and carn
otite ore-dust exposures in the 4000 and 
5000 Series experiments are neoplastic and 
non-neoplastic lesions of the respiratory 
tract. Histopathologic data for these le
sions and survival times are shown in Ta
ble 5. 

The data in Table 5 suggest that high dis
equilibrium of radon daughters (column 5) 
is associated with a higher risk than mod
erate disequilibrium (column 2). Further
more, the risk increases with RaA unattach
ment level (columns 2 and 3) but appears to 



TABLE 3. Exposure-Response Relationship Study for 
Radon-Daughter Carcinogenesis in Rats (6000 Series 
experiments). 

Number 01 Tot,1I 
Animals(al Exposure Regimen(b,c) E'pmure. WLMlcil 

32 1000 WL Radon Daughters 10,240 
15 mg/ml L'ranium Ore Dust 

32 1000 WL Rddon Daughters :;120 
15 mg/m I Uranium Ore Dust 

32 1000 WL Radon Daughter> LobO 
15 mg/m3 Uranium Ore Dust 

32 1000 WL Radon Daughters 1280 
15 mg/m 1 Uranium Ore Dust 

64 1000 WL Radon Da ughters 640 
15 mg/m ' Uranium Ore Dust 

128 1000 WL Radon Dilughters 320 
15 mg/m I Uranium Ore Dust 

32 Controls 

(al Number of animals is sufficient to detect the predicted incidence 
of lung tumors at the 0.05 to 0.1 level of significance, 
assuming linearity of response between 0 and 9200 WLM 
Isee footnote dl, and 0.13% spontaneous Incidence. 

(bl Exposure rate, 90 hr/wk; planned periodic sacrifice. 
Icl Study will be repeated @ 100 WL rate (without periodic 

sacrificel to augment previous limited exposure-rate data 
(7000 series experimentsl. 

IdlWorking Level (WLI is defined as any combination of the 
short-lived radon daughters in 1 liter of air that Will result 
in the ultimate emission of 1.3 x 105 MeV of potential 
a-energy. Working Level Month IWLMI is an exposure 
equivalent to 170 hr at a l-WL concentrdtion. Previous 
exposure at 900 WL for 84 hr/wk to 9200 WLM produced 
a 60% incidence of carcinoma. 

decrease at the highest RaA unattachment 
level (column 4). In view of the signifi
cant decrease in survival time, the de
crease at the highest RaA unattachment lev
el may be more apparent than real. The 
high incidence of non-neoplastic lesions in 
this group of animals is supportive evi
dence that a competing risk analysis should 
be performed on the data. 

Large-Animal Studies 

Thirty-five beagle dogs are currently on 
study to determine the pathogenic role of 
inhalation exposure to carnotite uranium 
ore dust. We are particularly interested 
in clarifying the role of the ore dust in 
the production of the massive pulmonary 
fibrosis observed in an earlier study, in 
whi ch beagl e dogs were exposed to radon 
daughters and mixtures of uranium ore dust 
and cigarette smoke. The present study 
(chronic, head-only exposures) began when 
the dogs were about 2~ yr old. Along with 
routine physical examinations and periodic 
hematologic and clinical chemistry measure-
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TABLE 4. '.OW Exposure-Response Relationship Study for 
Radon-DaLghter Carcinogenesis in Rats. 

,",umlJl'r oi Total 
Anlrndls!al Exposure' Regirnen 1bl Exposure, WLMlcl 

64 100 WL Radon Daughters 640 ld l 
1'; mg!m I Uranium Ore Dust 

(,4 IOU WL Radon D"ughters 320 ldl 
15 mg/Ill I Uranium Ore Dust 

IbO 100 WL Radon Daughters 160 
15 mg/m 1 Uranium Ore Dusl 

~ -).2 lOll WL Radon Ddughlers 80 
15 mg!m I Uranium Ore Dust 

441l 100 WL Rddon Ddughtcrs 4(1 

15 Illg/rn I Urdnlum Ore Dust 

)1~ 100 WL Rddon Daughters 20 
1.S Illg/1ll1 L'ranium ()re LJu':>t 

1(,0 Controls 

1.11 Numb,·r 01 1nlrnal, is ,utiicient to cietpct lung tumors at the 0.05 to 
0.1 le\ ~_,! 0) significance, as~uming linearity of response 
1]('1\\"",n 0 and h40 WLM (see iootnole cl, and D.13% 
-:.pontdrleOl s incidence. 

IbiExposult, r, teo 90 hr,wk; planned pprrodic sacriiice of 32 
dnimd\~ fro II group 

Ie IRecent exp1Sures indicate d tumor incidence of 16% at 640 
WLM. \'\Iulking l.e\elWli IS cleiined as any combin,ltion or 
the short·li\t'd radon daughter> in 1 liter of air Ihat will result 
in the Lltlmate emiss;on ot 1.3 x 10' MeV oi potential 
a·energv. Working Le\el Month (WLMI is an exposure 
equl\al"nt to 170 hr at it l·WL concentration. 

IcilRep"dt '>'posurt' is lor normalization With Tdble :I data. 

ments, hi~topathologic, radiometric, morph
ometric a'ld pulmonary function eva·luations 
were conducted on these dogs. 

The only significant pulmonary-function 
change attri buted to carnotite uran·j um-ore
dust expo!;ure (at "'15 mg/m3, for 4 hr/day, 
5 days/wk) is an increased slope of the 
single-brl!ath N2 washout curve, suggesting 
an uneven distribution of ventilation. 
Thi s chan!je was observed in dogs exposed 
for 1 ess than 1 yr and continued without 
increase through 5 yr of exposure. Mea
surements of pulmonary resistance ,. made 
through 5 yr exposure, showed slight age
related changes and increasing difference 
between control and exposed animal s with 
durat i on of exposure. These two changes 
are sugge!~tive of bronchitis, simi lar to 
the "industrial" bronchitis of mine work
ers. Along with a change in the dynami c 
pulmonary compliance values, these findings 
indicate changes in the distal airways of 
the dogs ' lungs. 

The most ncrtable pulmonary lesions observed 
in dogs exposed for up to 4 yr are vesicu
lar emphysl!ma, peribronchiolitis and focal 



TABLE 5. Summary of Respiratory Tract Lesions and Survival Times (4000 & 5000 Series experiments). 

RaA Unattachment Groups 

Neoplastic Lesions 2% 

Lung 

Epidermoid Carcinoma 9 

Adenocarcinoma 8 

Adenosquamous Carcinoma 0 

Mesothelioma 

Adenoma 

Total Number of Rats 16132 
with Lung Tumors 

Nose 

Nasal Carcinoma 

Total Number of Rats with 17/32 
Respiratory Tract Tumors 

Non-Neoplastic Lesions 

Lung 

Adenomatous Hyperplasia 20 

Squamous Metaplasia 1/32 

Nose 

Adenomatous Hyperplasia 0 

Squamous Metaplasia 9/26 

Survival Time (days) 451 ± 210 

pneumoconiosis. These lesions, described 
in the 1981 Annual Report (PNL-4100, PT 1), 
were contrasted with the lesions observed 
in the earlier study, in which beagle dogs 
were exposed to mixtures of radon daugh
ters, uranium ore dust and cigarette smoke. 
No animals were killed following 5 yr of 
exposure to determine any further progres
sion of pulmonary lesions. 

Radiometric analyses of lung tissues were 
performed on two of three animals killed 
each year (through 4 yr) fo 11 owi ng the 
start of uranium-ore-dust exposures. Prev
ious inhalation studies in our laboratory 
involving three species of animals (rat, 
hamster and beagle dog) and two varieties 
of uranium ore dust in secular equilibrium 
(carnotite and pitchblende) revealed con
sistent separation of uranium and thorium 
isotopes in tissues of animals at necropsy. 
The pattern of higher retention of thorium 
than uranium was noted shortly after expo
sures began and suggested that uranium ore, 
when present as an airborne contaminant, 
should be regulated on the basis of its 
constituent radionuclides, making the 230Th 
level the determining factor in maximum 

10~/() 

7 

17 

2 

1 

2 

25/32 

4 

25/32 

21 

4/32 

1 

15/30 

524 ± 148 

79 

High 
24% Disequilibrium Controls 

2 7 0 

5 17 1 

0 4 0 

0 0 0 

2 0 

8/32 22/32 1/64 

2 0 0 

9/32 22/32 1/64 

12 28 2 

4/32 3/32 0/64 

0 0 0 

20/29 11/31 4/60 

355 ± 186 526 ± 160 671 ± 178 

permissible air concentrations. Because 
the car not i te ore experi ments were con
founded by the presence of other air con
taminants, such as radon daughters, diesel 
engine exhaust fumes and cigarette smoke, 
and because subsequent measurements of min
ers 1 1 ungs at the Uni vers i ty of Utah re
vea 1 ed that urani um and thorium isotopes 
remain in near-equilibrium, it was decided 
to repeat some of these measurements in the 
lungs of beagle dogs exposed to carnotite 
ore dust alone. The data are shown in Ta
ble 6. 

The current data are qualitatively consis
tent with the previous data but show even 
higher disequilibrium of uranium and thor
ium isotopes. Approximately 80 g of lung 
tissue were randomly selected for radio
metric analyses. The spread in data with 
each exposure period may reflect individual 
animal differences as well as differences 
in the distribution of the isotopes in the 
lungs. The previous data showed disequi
librium ratios of 230Th to 238U ranging 
from 5.6 to 7.4 in the lungs of beagle dogs 
exposed 4 hr/day, 5 days/wk for about 4 yr. 
Similar exposure protocols to carnotite ore 



TABLE 6. Uranium and Thorium Isotope Concentrations and Ratios in Beagle Dogs' Lungs Following Exposure to Carnotite 
Uranium Ore Dust. 

Wet Tissue Weight, nCi/kg 

Dog Duration of 
Number Exposure, yr 218U 234L 

1675 4.51 ±0.12 4.27±0.11 

1679 fl.2S±0.10 6.42±0.10 

1462 2 4.2fl ± 0.05 4.38 ± 0.05 

1469 2 8.26 ± 0.14 8.53 ± 0.14 

1468 3 5.22 ± 0.09 5.40 ± 0.09 

1499 3 7.49±0.10 7.70 ± 0.10 

1473 4 7.95±0.19 8.26 ± 0.19 

1481 4 8.33 ± 0.23 8.63 ± 023 

dust alone resulted in a ratio ranging from 
about 5 to 22, s teadil y inc reas i ng wi th 
duration of exposure. Subsequent analyses 

nOTh 238U!234U 230Th/238U nOTh!234u 

31.6±0.8 1.06 7.00 7.39 

39.2 ± 0.8 0.97 fl.28 6.11 

25.4 ± 0.1, 0.97 5.97 5.80 

73.0 ± 1.4 0.97 8.84 8.56 

24.8 ± 0.7 0.97 4.74 4.59 

112.fl ± 3.1 0.97 15.0 14.6 

106.4 ± 1.9 0.96 13.4 12.9 

179.4 ± 3.8 0.97 21.5 20.8 

of lungs of sacrificed animals will reveal 
whether this disequilibrium continues to 
increase. 
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