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Cancer Incidence in an Area Con 
taminated with Radionuclides Near a 
Nuclear Installation 

western hemisphere (8). The DOE station at 

the eastern (downwind) boundary of the 

plant has recorded an average concentra 

tion of 2072 attocuries/m3 (aCi/m3 of plu 

By Carl J Johnson, 42 Hillside Drive, 
Denver, Colorado 80215, USA 

 
Anglo cancer incidence for the period 1969-1971 was evaluated in census 

tracts with and without contamination by plutonium and other radionuc 

lides from the Rocky Flats (nuclear weapons) plant near Denver, Colorado 

(1970 population 1019130). Exposures of a large population in the Den 

ver area to plutonium and other radionuclides in the exhaust plumes from 

the plant date back to 1953. Cancer incidence in males was 24 percent 

higher, and in females, 10 percent higher in the most contaminated 

suburban area (population 154170) (nearest the plant), compared to the 

unexposed area (population 423 870), also predominantly suburban, 

which had virtually the same age-adjusted rate for all cancer as the state. 

The adjacent study area more distant from the plant had an excess cancer 

incidence of 15 percent in males. The excess cases of cancer were mostly 

leukemia, lymphoma and myeloma and cancer of the lung, thyroid, breast, 

esophagus, stomach and colon, a pattern similar to that observed in the 

survivors of Hiroshima and Nagasaki. The ratio of cancer of the more 

radiosensitive organs to other classes of cancer was 12.2 percent higher 

in the area near the plant (17.6 percent in males, 11.9 percent in females). 

These ratios were not significantly changed with the deletion of lung 

cancer. Cancer of the gonads (especially of the testes), liver, and, in 

females, pancreas and brain contributed to the higher incidence of all 

cancer in areas near the plant. The increase in incidence of all cancer and 

for certain classes of cancer in the exposed population supports the 

hypothesis that exposure of general populations to small concentrations 

of plutonium and other radionuclides may have an effect on cancer inci 

dence. 

tonium over the eight year period, com 
pared to 32 aCi/m3 for New York City and 

5 aCi/m3 for the station with the lowest 
concentration (8). 

The air concentrations of Pu obtained 

from ambient air monitors are of dubious 

validity ,  because, as   Chapman   states '' 

Although we maintain air samplers in 

neighboring populated areas, these are not 

visited daily because of the cost involved 

and because we found them to give the 

same value as air samplers collected daily 

on site. The Samplers are visited fortnight 

ly principally to insure that they are oper 

ating and can be used as a defensive mea 

sure in case of an incident on the plant site. 

Consequently, dust loading restricts the 

air flow and gives an unrealistically low 

computed value for air activity. To 

transmit these values would raise ques 

tions of falsification of data in the minds of 

lay readers because they are about an 

order of magnitude lower than those re 

ported from the air sampling stations of 

other observers" (9). In addition to prob 

lems with dust loading, incompatible wind 

speeds , and the diffusion through filters of 

alpha active aerosols, these filters are less 

efficient than the industrial HEPA filters 

through which the Pu particulates have 

already passed. 

Unusual releases have occurred, espe 

A nuclear weapons plant (weapons com 

ponents and research) in Jefferson Coun 

ty , Colorado has routinely released pluto 

nium (Pu) and other actinides and radio 

nuclides in the exhaust from plant 

smokestacks since 1953 (l ). Plutonium is a 

very potent carcinogen and considered the 

most important risk to health, and so is 

monitored on a regular basis. Release of 

other actinides and radionuclides is 

checked less frequently (1). 

While exhaust ducting filters-five high 

efficiency particulate air (HEPA) filters in 

series-effectively remove Pu particu lates 

larger than 0.3 micrometers (µm) in 
diameter   from   the   exhaust   stream (13 

000 000 m3 daily from the main stack), 

leaks do occur (2) and one report (1972) 

estimates "the number of individual par 
ticles emitted from 776 Building to be on 

the order of millions per day" (3). About 

half the particles are below 0.1 µm in 

diameter and behave like gas molecules 

(3). In addition, small particles of Pu (Pu 

oxide) and other alpha radiation-emitting 

nuclides can diffuse through the filter 

arrangement due to the constant fragmen 

tation and selfscattering effect of the alpha 

recoil phenomenon (Table l) (4). 
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There is a "dissemination of the finest 

radionuclide particles throughout the area 

over a radius of several miles from the 

plant site" and "these smallest particles are 

not noticeably reduced in number by 

gravitational settling to three miles from 

the apparent point of origin and presum 

ably reached much further afield" (5, 6). 

Sampling stations draw air from the fil 

tered exhaust stream through a collecting 

filter. An evaluation of filter fficiency in 

which two millipore filters were arranged 

in tandem disclosed a "large and variable 

percent of the particles on the backup fil 

ter" (32-69 percent) , indicating an under 

estimation of Pu releases (5, 6). 

Routine releases of Pu in exhaust from 

the plant ranged from an annual average 

concentration of 0.03 picocuries of 0.06 

disintegrations per minute per cubic meter 

(pCi/m3 or dpm/m3
) in 1953 to 1.05 pCi or 

2.33 dpm/m3  in 1962  (Table 1) compared 

to a guideline limiting Pu in plant exhaust 

to less than 0.12 dpm/m3 (7). Plutonium 

concentrations in the air at the Rocky Flats 

plant are consistently the highest (1970-

1977) in the US Department of Energy 

(DOE) monitoring network, which has 51 

stations positioned  throughout the 

cially  in major fires in 1957 and 1969 (7, 8, 

10, 11). Average measured concentrations 

of Pu in exhaust plumes from the main 

stack at the plant were as high as 948 

pCi/m3 for the eighth day after a fire and 

explosion in 1957, which blew out the fil 

ter system (12-14). There are no records of 

emissions for the seven-day period dur 

ing the fire and after, but those unmea 

sured releases may have been 4 to 5 orders 

of magnitude greater than the re leases 

recorded on the eighth day (an esti mated 

12 millicuries, or about 200 mg of Pu) (12-

14). The releases of Pu and other 

transuranics in the 1957 fire may represent 

the most important exposure to the 

population near the plant during the period 

1953-1971. "The 620 HEPA filter s in the 

main plenum had not been changed since 

they had been installed four years earlier 

and may have contained many kilo grams 

of Pu (estimates range as high as 

250 kg or about 15 000 curies). Large 

plumes of Pu-contaminated smoke from 
the 150 foot high stack continued through 

out the night. Eyewitnesses reported it to 

be very dark in color , 80 to 100 feet high, 

blowing south , east and southeast" (12- 

14). 
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Estimates of the amount of Pu released 
are based on a study which found that an 
average of 13 grams of Pu were deposited 
daily on the first-stage filters (15,16). The 

filters in that system had been in operation 
no more than four months, and each filter 
contained as much as 68 grams of Pu. The 
average amount ranged from 16.6 grams 
(26 days) to 42 grams (4 months). In one 
month the filters could collect 0.5 kilo 
grams or more of plutonium, of which 86 

percent was water-soluble, (Pu nitrate) due 
to nitrates present in the exhaust (17). 
When the stack monitors were placed back 
in operation eight days after the fire, the 
guidelines for stack emissions were 
exceeded by 16 000 times for that day, 
greater than a permitted release over a 50-

year period. 
An unknown quantity (14-20 kg) of Pu 

metal burned up in the fire. Burning Pu 
forms submicron-sized particles of pluto 
nium oxide. According to a report made by 
the Atomic Energy Commission (AEC), 
these particles do not settle out from 
industrial exhaust plumes, and are so small 
as to move like metal fumes and do not 
account for the pattern of soil con 

tamination around the plant (18). 
There was concern about offsite con 

tamination with plutonium by the fire. 
However, only three offsite soil samples 
were taken (19). All showed contamina tion 
by the plant. A soil  sample taken at  the 
Ralston Elementary School 12 miles 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Table 1. Monthly average plutonium 239 concentration, in disintegrations per minute per cubic meter 

(dpm/m1
), in the air leaving the main exhaust duct of Building 771 (a) (from Reference 7). 

 

 

Resuspension of Pu-contaminated soil 
increases with wind speed to the 2.1 pow er, 
and the ratio of Pu 238 to Pu 239 in creases 
from about 2 percent (surface soil) to 20---40 
percent in airborne soil (31). As much as 50 

pCi/g of Pu in airborne soil has been reported 
in the area. A study of Pu particle size in the 
soil suggested that sing le Pu atoms and Pu 
particles with dia meters less than the 
minimum detectable equivalent diameter 
(0.09 µm) accounted for the majority of Pu 
239 and Pu 240 activity in the soil (32). 

Contamination of an aquifer under the 
facility to 2.5 picocuries of Pu per liter 

south-southwest of the  plant  contained 
12 000 dpm/kg of "possible enriched ura 

 

ISOPLETHS  IN  MILLICU IES  OF PLUTONIUM 

PH SQUARE KILOMETER 

mT"1Miles 

Kilometers 

(pCi/1), a  stream  leaving  the  plant  site to 
209 pCi/1(1), and a nearby water district to 

nium'' and a sample taken at the Semper 
Elementary School six miles east of the 
plant contained 16 000 dpm/kg of "possi 
ble enriched uranium" (Figure I). A third 
sample from private property contained 18 
000 dpm/kg of "possible plutonium". 
These concentrations are 150 to 225 times 

higher than Pu concentrations in soil from 
accumulated worldwide fallout from nuc 
lear weapons testing according to 
measurements of "background levels" in 
Colorado soil, or between 4200 and 6300 
times higher than the "background level" 
(0.003 dpm/g) measured in South Carolina 

(20). These soil concentrations only indi 
cate the passing of a very heavily con 
taminated smoke plume containing very 
large amounts of Pu and other actinides 
and radionuclides. An official at the plant 
afterward requested a "crash" survey as 
part of a nationwide AEC Project, repeat 

ing a request in earlier telegrams for re 
ports "containing information relating to 
radioactivity in the atmosphere and the 
fallout therefrom, which is of direct in 
terest to and must be known by the public 
in order to evaluate dangers to life" (21). 

A large area downwind  from  the facility 
(Figure I) has been contaminated with iso 

topes of Pu and other radionuclides (22- 
29). Uranium has been released by the 
open burning of over I000 barrels of con 
taminated lathe oil (30). In addition, waste 
lathe oil from the milling of Pu metal 
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Figure 1. Denver area  census tracts  within 

isopleths for soil contamination with plutomium 

downwind from the Rocky Flats plant. The offsite 

soil contamination was reported on March 13, 

1958 to be as follows (19): 

a) At the Semper Elementary School; 12 000 

disintegrations per minute per kilogram 

(dpm/kg) of "possible enriched uranium". 

b) At the Ralston Elementary School; 16 000 

dpm/kg of "possible enriched uranium". 

c) "Possible plutonium", 18 000 dpm/kg on 

private property east of the Rocky Flats plant. 

 
 

 
stored in several thousand corroded bar 
rels outdoors at the plant spilled out on the 
ground between 1958 and 1968, and 
contributed at least 5.8 curies to the offsite 

contamination (30). 
Concentrations of Pu in soil may be 

compared to current and proposed guide 
lines for areas with risk of human expo 
sure. Only a Soviet standard of 0.44 dpm/ 

cm2
, or 0.44 dpm/g of soil (by convention) 

is in the same order as the surface soil 
concentrations of Pu in the major part of 
the area studied (Table 2) (22). An Inter 
state Commerce Commission guideline for 
trucks hauling radioactive materials 
permits a concentration 10 times greater 

(4.4 dpm/cm 2
) , but is 10 times more pro 

tective than a proposed Environmental 
Protection Agency (EPA) guideline to 
protect the general public (44 dpm/cm 2 a 
guideline that has been criticized. 

2.29 pCi/1 has been reported (I, 33). Pu in 
chlorinated water is soluble to the extent that 
a recommendation  has  been  made that the 
concentration limit be  reduced from 1600 
pCi/1 to 0.16 pCi/1 (26, 27), so these 
concentrations of Pu are of concern (34, 35). 

Contaminated water is a significant 
source of exposure for only a small frac 
tion of the Denver area population  (I). The 
major route of exposure is the inhala tion 
of airborne particles of Pu and other 

radionuclides by people living in the path 
of exhaust plumes from the plant, and (for 
those living near the plant), the inhalation 
of Pu in resuspended surface dust. No 
reports of measured population doses have 
been made, but work in progress confirms 
the presence of Pu from the faci lity 

(identified by isotope ratio) in autopsy 
specimens of persons in the area (36). 

There has been no prior investigation of 
health effects for residents of areas conta 
minated by Pu. (Pu, an alpha radiation 
emitter, has a very slow rate of excretion 
and is thus retained in the body for many 

years.) Although Pu is present in exposed 
persons in higher concentration in bone 
(where the half-life is about 200 years) 
autopsy studies of nuclear plant workers 
have demonstrated Pu in all organs (37). 
Animal studies suggest that effects of Pu 
may include leukemia, neoplasms of bone, 
lung and liver, and genetic injury 
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AREA IV 

Annua l 
  

(a) Federal guideline for maximum permissible air concentrations for such exhaust plumes 1s 0.12 
 

O 03   

 
 

 

Month 19S4(b l 1955 1956 1957 1958 1959 1960 1961 1962 

Jan 0.03 0 11 006 0 36 046 2 84 0 13 2 84 068 
Feb 003 011 0 05 008 0 96 (d) 0)6 1 21 7 79 
Mar 004 0 11 006 0 64 5 59 0 25 008 072 092 
Apr 002 0.12 0 07 008 0 35 018 0 09 1 24 1 24 
May 0 05 008 0 21 0.04 4 97 015 0 40 1 20 0 89 
Jun 0 03 005 009 0 20 566 0 56 0.94 113 0.34 
Jul 007 004 0 23 0 40 3 19 1 87 0 53 0.77 0 54 
Aug 006 0.02 0 20 0 09 080 1 05 1 42 1 21 132 
Sep 0 1.

16 0 12 0 23 lcl 1 73 0 89 0 69 1 20 1 47 
Oct 006 0 05 0 58 664 081 0 57 3 26 0.60 503 
Nov 010 0 06 033 0 50 042 0.19 1 32 0.85 2.44 

Dec 014 0 04 0 15 2 01 1 25 0 12 1 12 0 44 5 33 
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Table 2. Guidelines concerning contamination concentrations of alpha radiation (plutonium) for areas 

that provide risk to human exposure (from Reference 22).  
 

 

(38, 39). Conservative reports suggest that 

served (169.5 dpm/g and 0.05 dpm/g re 
spectively) compared to a maximum con 
centration of 26 times background for the 
AEC survey, which sampled  subsurface soil 
and coarse particles 2 mm in diameter and 
smaller with the windblown material (18). 

Data were retrieved from NCI automa 
ted data processing tapes using a program 
developed by Berg and Finch (50), with an 
approach similar to that reported by Mon 

son (5 I), and most recently utilized by 
Blair, et al (52, 51). Age-specific cancer 
rates for whites (excluding persons with 
Spanish surname , because the population 
of the area near the plant is virtually all 
white, with few persons of Spanish sur 
name) were calculated for the Denver 

Standard Metropolitan Statistical Area 
(SMSA), and expected case numbers cal 
culated by applying the SMSA age-speci 
fic cancer incidence rates to the 11 corre 
sponding age groups in each sub-area, and 
summing the products to obtain a stand 
ardized expected incidence (cases expec 
ted/area population) for each area. The 

number of cases of all cancer or the clas 
ses of cancer in each area divided by the 

maximum permissible doses of Pu for 
workers should be reduced to about 67 pCi 
(trachiobronchial lymph nodes), or about 
170 pCi (bone) (40, 41). Inhalation and 
retention of a few particles of Pu of 
respirable size ( < 5 µm in diameter) could 
exceed this amount (42). Lymphocyte 

chromosome aberrations in Pu workers in 
the lowest exposure group (1-10 percent 
maximum permissible body burden of Pu, 
or 400 to 4000 pCi) exceeded by 33 per 
cent those of workers with no measurable 
body burden (43), further supporting a 
more conyerative estimate of the body 

burdens of Pu having potential health ef 
fects. 

A preliminary study of leukemia and 
lung cancer deaths compared eight census 
tracts around the facility with 19 census 
tracts with a similar population in the rela 
tively uncontaminated part of the county 

(a census tract is a small area designated 
for statistical purposes in certain cities and 
in standard metropolitan statistical areas-
SMSA's-in  the   United  States). A 
higher age-corrected leukemia death rate 

was noted in the contaminated area (p = 
0.01) and  the  age-specific  (45-64 years) 
death rate from lung  cancer  was  more than 
twice as great as for the control area (p<0.05) 
(44, 45). A preliminary study of congenital 
malformations coded at birth found a rate of 
14.5 per 1000 births for a large suburban city 
near the plant com pared with a rate of 10.4 
for the remainder of the county, and 10.1 for 
the state of Colorado, a difference of interest 
(47). 

In order to determine if exposure of a 
large population to a small concentration 
of Pu and other radionuclides had pro 
duced a measurable effect on cancer inci 
dence, the following investigation was 
conducted. 
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METHOD 

Cancer incidence data was acquired by 
census tract from the National Cancer In 
stitute's (NCI) Third National Cancer 
Survey (1969-1971) with the assistance of 
the Colorado Regional Cancer Center (48- 
50). The incidence of cancer for each can 
cer class was determined for census tracts 

pre-selected within Pu isopleth areas (Fi 
gure 1) with decreasing concentration of 
Rocky Flats Pu (identified by isotope ra 
tio) in soil, based on an area-wide survey 
(core samples to a depth of 10 cm) made 
by the AEC in the Denver area in 1970 (18, 
24). Census tracts divided by an iso pleth 
were included in the area containing the 

major part of the census tract. 
The isopleths in Figure I are approx imate 

but useable in comparing the inci dence of 
health effects between areas with decreasing 
environmental contamination around a point 
source of  emission  and with populations 
that are similar in size. Area I, within the Pu 

concentration range 40--0.8 millic uries/km2 

(mCi/km 2) , lies be tween 3 and 21 km from 
the center of the Rocky Flats Plant along the 
principal wind vector. Area II (0.8 to 0.2 
mCi/km 2 ex tends from 21 to 29 km and 
Area III (0.2 to 
0.1 mCi/km 2 from 29 to 35 km. 

The Pu content of soil reported in the 
AEC survey was used as a surrogate mea 

sure of exposure through pathways other 
than those that originate from the soil (ie an 
indication of the direction of exhaust 
plumes from the Rocky Flats Plant since 
1953). That actual exposures to radionu 
clides have been much larger is suggested 
by a survey of Pu in surface respirable dust 

to a distance of 32 km around the plant. 
Concentrations of Pu as much as 3390 
times greater than that in Colorado 
"background" concentrations were ob- 

standarized expected incidence provided 
a risk ratio (observed/expected). 

Area IV, the unexposed population 
(comprising the remainder of the Denver 
SMSA) had an age-adjusted cancer inci 
dence (males, 269 and females,  226  per 100 
000) virtually identical to that for the state 
(males, 268  and  females,  227  per 100 000) 
(48). The risk ratio for Area IV was assumed 

to be 1.0 and the exposed populations (Areas  
I-Ill)  were  compared to Area IV. The 
population in Area IV is predominantly 
suburban, as is the popula tion for Area I 
nearest the plant, and these two areas have a 
mean age more similar (Table 3) than those 
of Areas II  and  III, and so those two areas 

provide the most important comparisons. 
Median  income and education levels of the 
study and control populations were 
considered with the aid of 1970 census data 
(Table 3), in order to weigh the possible 
importance of such associated factors as 
smoking,  diet and alcohol. 

The population in  the  eight  census tracts 
in Area I nearest the plant was small and had 
had rapid development and recent in-
migration (an estimated  population  of 16 
000 in 1960, and 44 000 in 1970, during 
which time the population of Denver did not 
appreciably change) (49).  Area  IV, like 

Area I,  is mostly suburban,  and  part of this 
area also had a rapid growth in population 
between 1960 and 1970. The evidence 
indicates heaviest exposures in 1957. Since 
there is a latent period for neaoplasms, many 
persons in the eight census tracts nearest the 
plant would not have had sufficient time in 
residence to exhibit an effect from exposure 

to Pu. An influence on cancer incidence 
would  be first apparent in the large 
population areas with lower rates of in-
migration. The ef- 
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Dista nce  Population Characteristics  
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Table 3. Census tract areas selected by decreasing soil concentrations of Rocky Flats plutonium, Anglo population size, media n income and education, 

and total incidence of cancer for 46 cancer sites, by sex, for the period 1969-1971 (al 

 

 
Area I 
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Table 4. Anglo cancer incidence by sex, and by cancer site, in  the Denver metropolitan  area over  a period of three years (1969-1971)  by areas of census  

tracts with and without plutonium soil contamination by the Rocky Fiats plant (al 

 

feet of the inclusion of the eight census tracts 

nearest the plant with the remainder of Area 

I is to understate any environmen· tally-

related difference in cancer inci dence. 
 

RESULTS 

The total incidence of cancer for the pe· 

riod 1969-1971 is summarized in Table 3 

for 46 cancer classes by isopleth area of Pu 

concentration. Compared to males in the 

unexposed area (Area IV), there was an 

incidence of cancer 24 % higher in males 

in Area I, nearest the plant and 15 % higher 

in Area II, further from the plant. (For 

confidence levels, see Table 3, co lumn 

10.) The corresponding values for females 

were IO% in Area I and 5% in Area II, and 

for both sexes 16% and 10%. The higher 

incidence of all cancer in the 

exposed areas represents more cases than 

expected (both sexes) of cancer of the lung. 

leukemia, lymphoma and myeloma (only 

males), and cancer of the tongue, pharynx 

and esophagus, colon and rec tum, liver, 

(only males) pancreas, only fe males) 

gonads, thyroid (only females) and brain 

(only females). 

The incidence of lung and bronchial 

cancer for males in Area I was about 33 

percent higher than for males in the un 

contaminated area (Table 4). This higher 

incidence persisted in Area II (46% high 

er). In all exposed areas, 497 cases were 

observed where 383 were expected, for 

males. For both sexes in all  exposed areas, 

625 cases were observed where 503 were 

expected. 

There was a significant excess (58 %) of 

cases of leukemia in females in Area III, 

with the largest study population. For  both 

sexes in all exposed areas, 192 cases of 

leukemia were observed where 167 were 

expected. There was a higher inci dence 

of lymphoma and myeloma in males in all 

exposed areas (134 cases observed/ 110 

expected). 

A most unexpected discovery was the 

unusually high incidence of cancer of the 

testis (40 cases observed/IS expected) 

throughout the exposed area (Areas I-III) 

(53-55). The incidence of cancer of the 

ovary was also higher (24%) throughout 

the exposed areas. 

The incidence of cancer of the colon and 

rectum was much higher for both males 

and females in Area I (42 % higher for both 

sexes) and for all exposed areas (812 cases 

observed/711 expected). The incidence of 

cancer of the liver, gall blad- 

AMBIO, 198) 179 

Site obs·expfb)oie l(clobs'exp 010 -1 ole-1 obsiexp ole 1 obs,exp o/e -1 oie-1 obs/exp o,e 1 obsiexp oie-1 ole-1 obs obs 

 

39143 (9°0) 32/30 
1517 114°0  

  66152 

 

http://about.jstor.org/terrns


This content downloaded from 73.78.60. 1 1 6 on Thu, 02 Nov 2017 2 I :39:49 UTC 
All use subject to http://about.jstor.org/terms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

Male  

Age Category 0-14  1!">-44  45--54  55--64  65--74  75 +   

(Population: Area I, IV) 24 825 66.530 31.395 98.521 8.351 24.092 5,750 12,652 3.148 5.683 1,785 3.175  

Cancer Classes olelbl Elcl a e E ale E ote E a e E Ole E  

All classes 20191• 25 52140 126 71164 185 1471127 278 194 149.. 270 1691130.. 230  

Lung and bronchus 010 0 813 5 11 14113 37 37125 54 34 "31 55 1619 6 17  

Leukemia 614 2 11 1312 9.. 9 111 0 3 6'1 8 4 2/1 7 3 211 1 2  

Lymphome , myeloma 1/1 9 5 19 '7.3.. 23 311 4 4 812.7 6 5/1 7 3 311 1 2  

Stomach 010 0 110 3 1 6/2 1 6 313 2 7 8, 6 1 11 415 1 9  

Colon 010 0 312 5 8 615 2 15 15112 26 15194 17 29113.. 23  

Liver 010 0 0/03 1 010 3 1 3,0 0 110 6 1 211 1 2  

Pancreas 010 0 1106 2 313 5 10 6141 9 7,6 6 12 317 3 13  

Test is 110 0 8/3 2 10 110 7 2 0/0.5 1 110 0 010 0  

Breast 010 0 110 3 1 010 0 010 0 110 0 0106 1  

Thyroid 010 0 113 2 10 1114 4 0/1 4 3 1106 1 010 0  

Brain 110 4 1 212 2 7 311 7 5 412 3 5 2/3 3 6 111 7 3  

Unknown 010 0 010 6 2 311 4 4 4 5 5 12 1113 9• 7 512.8 5  

 

Female 

(Popu11t,on Area l, IVI 

 

23.648 

 

64.433 

 

33,113 

 

99.552 

 

8,727 

 

23.379 

 

6,140 

 

12,963 

 

4.031 

 

7,593 

 

3.257 

 

5.273 

 

All classes 517 0 19 103164 253 1061116 310 1301118 249 144 104•• 195 1481144 234  

Lung end bronchus 010 0 211 3 4 2 5 6 15 &15 2 11 9 7 5 14 314 3 7  

Leukemia 0/1 8 5 5113 4 0111 3 710 9· 2 2/1 1 2 1/2 5 4  

Lymphoma, myeloma 110 7 2 1911 o· · 21 1/0 7 2 9'2 4• 5 5 2 1 4 11/3 1• 5  

Stomach 010 0 1/0 3 1 011 1 3 2/3 3 7 2/1 6 3 618 0 13  

Colon 010 0 314 0 12 8/0 9 23 14 8 5 18 1618 5 16 39125· 40  

Liver 010 0 010 7 2 0104 1 010 0 110 0 210 0  

Pancreas 010 0 2/0 3 1 212 2 6 914 3 9 5'3 2 6 314 9 8  

Ovary 010 0 815 3 16 7/7 5 20 9,5 2 13 714 2 8 313 7 6  

Breast 010 0 34134 101 40144 119 37/30 64 46/27· 51 33130 49  

Thyroid 110 0 12183 25 3'2 6 7 4 '0 9 2 012 7 5 411 8 3  

Brain 211 8 5 312 0 6 110 7 2 211 9 4 211 1 2 0/0 6 1  

Unknown 010 0 1/0 7 2 212 6 7 310 9 2 7159 11 816 2 10  

 

Total 

(Population: Area l. IV) 

 

48.473 

 

130.963 

 

64.508 

 

198.073 

 

17,078 

 

4, 7 471 

 

11,890 

 
2&.1116 

 

7,179 

 

13.276 

 

5,042 

 

8.448 

 

All classes 25116 44 155 123• 379 177I17B 495 2771247" 527 338'251.. 465 312/277 464  

Lung and bronchus 010 0 10 49 15 16119 52 42/30 65 4,3 3 7 69 19114 24  

Leukemia 6159 16 1814 2.. 13 1/2 2 6 13/2 8.. 6 4 '2 7 5 313 6 6  

Lymphoma , myelom1 2/2 6 7 38114.. 44 412 2 6 1715.1.. 11 10/3 8· 7 1414 2.. 7  

Stomach 010 0 210 6 2 613 2 9 516 5 14 1017 8 14 10112 20  

Colon 010 0 6/6 5 20 14 117 48 29 '2 0 44 31118· 33 68138.. 63  

Liver 010 0 011 0 3 010.7 2 3 '0 0 2/0 5 1 411 2 2  

Pancreas 010 0 311 0 3 519 8 18 16184 18 12/9 7 18 6113 21  

Gonads 1/0 0 1s18 5· 26 817 9 22 91e e 14 8 '4 3 8 313 6 6  

Breast 1/0 0 35133 102 40142 8 119 37/30 64 47 ' 28.. 51 33130 50  

Thyroid 1/0 0 13111 35 4,4 7 13 412 3 5 1/3 2 6 413 6 3  

              

Brain 

Unknown 
3'2 2 
010 

8 
0 

513 6 
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13 
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7 
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Table 5. Anglo cancer incidence by sex, age and by cancer class, in the Denver metropolitan area over a period of three years (1969-1971) by areas of census 

tracts with andwithout plutonium soil contamination by the Rocky Flats Plant: Area I compared to Area IV (Control) (a). 

 

der and "other biliary" was higher in males 

throughout the three exposed areas (77 % 

higher in Area II: for all exposed areas, 52 

cases observed /3 1 expected). Cancer of 

the tongue, pharynx, and esop hagus was 

high for both sexes in all three study areas 

(89 cases observed/50 expec ted for 

males, and 41 cases observed /17 expected 

for females). According to the statistical 

test used, the remaining varian ces may be 

random. 

The strongest comparisons can be made 

between Area I, a predomina ntl y subur ban 

area near the plant with heaviest ex posure, 

and Area IV. also predominantly 

suburban with little or no exposure and 

having virtually the same age-adjusted in• 
cidence rate for all cancer as that for the 

state of Colorado. The number of cancer 
cases observed for these two areas in the 
three-year study period are compared by age 

and sex in Table 5. 

For both sexes, the general pattern  is that 

of excess incidence of all cancer in all age 

categories in Area I, with no signifi cant 

exception . The was a n excess of all cancer 

in the age group 14 years (25 observed/16 

expected), 15-44 years {15,/ 123), 55-64 

years (277/247), 65-74 years 

180 

(338/251) and over 75 years (312/277). This 

difference was due principally to an ex cess 

of cancer in males in the age groups 

14 years, 15-44 years, 65-74 years, and over 

75 years. An excess incidence of all cancer 

was also noted in females with no significant 

exceptiort, especially in the age group of 15-

44 years and 65-74 year!L 

The higher incidence of all cancer was 

chiefly due to cancer of lung and bron chus, 

especially in the males, and to can cer of the 

colon in both sexes, The inci dence was 

higher above the age of 55. Exceptions were 

an excess of  cancer  of the lung and 

bronchus in males in the age range I5-44 

years and cancer of the  colon irl females in 

the age group 45-64 years. 

There was a higher incidence of leuke 

mias, lymphomas and myelomas in both 

sexes in Area I. In males there was  a higher 

iflcidente of leukemia in the age group 15-

44 years of age (13/2.9) and of lymphomas 

and mye lom as in the age group 15-44 years 

(19/7.3). In fema les , there was a higher 

incidence  of  leukemia in the age group 55-

64 (7/0.9 ) and of lym 

phmtlii!'i :ind myelomas in the age groups 15-

44  years  ( 19/7.0),  55-64   years  (9 /2.4), 

and 75 + years (11/3.1). 

A higher incidence of brea st cancer was 

found for females in the age group 65-74 

years (46/27). This age-specific excess in 

cidence was obscured when the data was 

age-adjusted. 

The incidence of cancer of the testis is 

again noted , with one case  occurring  in the 

small population (24 825) in the age category 

14 near the plant and none occurring in the 

larger control population (66 530). In the 

next older age category, 15-44, eight cases 

were observed where 

3.2 were expec ted . 

With one exception (ages 65-74), there 

were more cases of cancer of the thyroid in 

females than expected, and an excess of 

cancers of unknown origin, especially in 

the age range 65-74 years. 

Investigation of the ratios of cancers of 

radiosensitive organs to other cancers 

(Table 6) found higher ratios in the 

population ne a r the plant, compared to the 

unexpo sed population in Area IV 

( + 12.2 %, + 9.7 % and + 3.4 %, respec 

tively , for both sexes in Areas I, II  and III). 

Males had a higher ratio near  the plant, 17.6 

% higher, than did the females (11.9% higher 

). Deleting lung cancer changed  only 

slightly   the  ratio of cancers 
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of radiosensitive organs to other cancers 

(11.7% higher for both sexes; 17.9% for 

males and 13.6% for females). 

DISCUSSION 

The incidence of all cancer in the sub 

urban area near the plant (Area 1) was 

significantly higher than that in the unex 

posed population (Area IV) which had vir 

tually the same age-adjusted cancer inci 

dence as the state. Exposed Area II, more 

distant from the plant, had a correspon 

dingly smaller excess incidence of all can 

cer compared to Area IV. Area III, most 

distant from the plant, had an incidence of 

all cancer slightly greater than expected. 

The data were corrected for age, sex, 

race and ethnicity. Other possible con 

founding factors include urban-suburban 

differences, income, education, air pollu 

tion, occupation, smoking habits, and diet. 

Data were not available by census tract for 

smoking, drinking and dietary habits, but 

these were assumed to be associated with 

income and education. Area II includes the 

Denver urban core 

Table 6. Anglo cancer incidence in the Denver metropolitan area over a period of three years 

(1961971), by areas of census tracts with and without plutonium soil contamination by the Rocky Flats 

Plant: A comparison of the ratios of cancers of radiosensitive organs (a) to other cancers by sex and by 

exposure to plutonium from the plant (b). 
 

 

(Figure 1), much of the low-income hous 

ing, and a lower educational and income 

level (usually associated with a higher in 

cidence of cancer) but has a lower inci 

dence of cancer than Area I, a suburban 

population near the Rocky Flats plant de 

mographically similar to Area  IV  (Table 3). 

Area III has an educational level slight ly 

higher than Areas I and II, and slightly lower 

than Area IV. This area has the highest 

income level, and has a higher cancer 

incidence than Area IV. Differing levels of 

income and education do not appear to be 

important as a cause for the higher incidence 

of cancer in  areas near the plant. 

Area II has more air pollution than Area 

I, but has lower cancer incidence than Area 

I, which is nearer to the Rocky Flats plant. 

In considering occupation, the dis 

tribution of Rocky Flats Pu workers 

approximates the distrib11tion of popula 

tion between exposed and unexposed 

populations (I). Old radium mill tailing 

sites are located in Area II, under streets 

and parking lots and in commercial and 

industrial areas, and may cause an accu 

mulation of radon in rooms in a small 

number of non-residential buildings. This 

would appear to have no noticeable effect 

on the results of this investigation (56). 

The higher incidence of cancer in males 

accentuates a sex difference noted for the 

unexposed population and for the state. 

This is partly due to the smoking habits of 

men. Pulmonary irritants (ie cigarette 

smoke) can result in a greater respiratory 

deposition rate of small inhaled particles, 

such as Pu particles (57). Smoking habits 

alone can not account for the profile of 

classes of cancer found in excess, except 

for respiratory cancer. 

Area I had a population with a younger 

mean age than Areas II  and  III  (though not 

quite as young as Area IV), but had a 
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higher cancer incidence than those two 

older urban areas. The method of age 

adjustment (see footnote for Tables 3 and 

4) across the 11 age groups (NCI) should 

correct for these age differences, which are 

minor between the principal compari son 

populations in Area I and Area IV. The 

higher age-adjusted cancer incidence 

found in Area I was confirmed by age 

specific comparison with Area IV. 

The age-adjusted incidence of all cancer 

was significantly higher near the plant, due 

to more cases than expected of a num ber 

of individual classes of cancer, includ ing 

those noted to be in excess in the survivors 

of Hiroshima and Nagasaki: leukemia, 

lymphomas and myelomas and cancer of 

the lung, thyroid, breast, esophagus, 

stomach and colon. Cancer of gonads 

(especially the testis) liver, pan creas and 

brain also contributed to the higher 

incidence of all cancer in the areas near the 

plant. The classes of cancer found to be in 

excess are for the most part those 

developing in the more radiosensi tive 

tissues of the body. There was not an 

excessive incidence of bone cancer, 

perhaps because of its longer latent period. 

The remarkably higher incidence of 

cancer of the testis in the three exposed 

areas merits special attention. One possi 

ble explanation is the demonstrated pro 

pensity of plutonium· to concentrate in 

gonads (53-55). The higher incidence of 

cancer of the ovary is also consistent with 

this hypothesis. 

That the age-adjusted rates of all cancer 

near the plant are higher is confirmed by 

an inspection of age-specific cancer inci 

dence for Areas I and IV (Table 5). This 

was due in part to higher age-specific inci 

dence of leukemia, lymphoma and myelo 

ma, and cancer of breast, colon, and can 

cer, site unknown for certain age-specific 

groups. Cancer of the lung, stomach, liv 

er, gonads, thyroid and brain also contri 

buted to the higher incidence of all cancer 

near the plant. The general trend of all 

cancer of radiosensitive organs was clear 

ly upward near the plant, but in some clas 

ses of cancer the numbers of cancer cases 

in each age category were too small in the 

three-year period of the investigation to be 

statistically significant. 

Further indication that the populations in 

the path of exhaust plumes of the Rocky 

Flats plant have been affected is provided 

by an examination of the ratios of cancers 

of radiosensitive organs to other cancers, 

compared to that ratio for the unexposed 

population in Area IV (Table 6). These are 

the cancers found in excess in the survivors 

of Hiroshima and Nagasaki; leukemia, 

lymphomas and myelomas, and cancer of 

the lung, thyr oid, breast, esophagus, 

stomach and co lon. These cancers 

occurred in greater proportion than 

expected in the exposed population 

(12.2% higher in Area I for both sexes; 

17.6% higher for males, and 11.9% higher 

for females). This ratio de creased in 

Areas II and III for males, but persisted for 

females. The exclusion of lung cancer 

(because smoking habits are an important 

factor in lung cancer) makes little change 

(11.7 % higher for both sexes in Area I; 

17.9% higher for males, and 13.6% higher 

for females). 

 

CONCLUSION 

A conservative analysis of cancer inci 

dence in the Denver SMSA over a three 

year period (1969-1971) found a higher in 

cidence of all cancer in areas contami 

nated with Pu, compared to the unex 

posed area. The consistency of the in 

crease in incidence of all cancer and for 

certain categories of cancer with increas- 
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(a ) "' Cancers of rad1osens1t1ve or gans''  defined  as  those  found  1n  excess  1n  survivors  of  Hiroshima and 
agasak1, l eukemi a, lymphoma and myeloma. and cancer of the lung, thyroid, breast, esophagus , stomach. 
and colon (from Reference 59) 

lb) Cancer 1nc1dence data from the Na1,onal Cancer lns11tu e's Third Nal1onal Cancer Incidence Survey. 
Incidence Data The population in Area IV is considered  a  control  populat ion  with  no  exposure  to plutonium 
and other ac11nides and rad1onuclodes from the Rocky Flats plan!  The populaJ1on  ,n  Area I has the greatest 

exposure to these ra,d  onu  clldes,  those  in  Area  II  have  less  exposure ,  and  those  in Area Ill have the least 
exposure (from Reference 481 
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ing concentration of Pu in soil supports the 

hypothesis that exposure of the gener al 

public to low concentrations of Pu in the 

environment may have an effect on cancer 

incidence. The higher incidence of cancer 

in the areas near the plant were due to 

more cases than expected of leuke mia, 

lymphoma and myeloma and cancer of the 

lung, thyroid, breast , esophagus, stomach 

and colon, a pattern similar to that 

observed in the survivors of Hiroshi ma 

and Naga saki. Cancer of gonads (espe 

cially the testis) liver, pancreas and brain 

contributed to the higher incidence of all 

cancer near the plant. Further study is 

warranted to pursue the investigation of 

poorly-under stood, complex dose-effect 

relationships between the concentrations 

of many radionuclides in cells and organs 

and the incidence of cancer and other 

somatic and genetic effects in general 

populat io ns residing near nuclear installa 

tions. 

 
References and Notes 

1. Draft En vironme ntal Impact  Statement,  Rock y 
Flats Plant Site , 1545-D (United States  Energy Resear 
c h a nd Development Administration,  Gol den , Co 
lo rado , 1977). In proportion to Pu  239 (taken as 1 .0, 
on the basis of radio acti vit y) the amoun ts released 
of some of these  are  americium 241 (0.62), Pu 238 
(0.02), Pu 240 (0.22), Pu 241 (8.25), protoactinium  
234  (0.96),  thorium  231 (0.05), thorium 234 (0,96), 
uranium 234 (I .49), ura nium 235 (0.05) and uranium 
238 (0.96) (]). The progeny of these nu clid es will also  
be  prese nt. Other radionuclides likely  to  be  emitted  
from  time to time incl ude uranium 233 and 239, 
curium 244, neptunium 237, thorium 228, radi um  
226,  cesium 134 and 137, iodine 129 and 131, 
ruthenium 103, rhodium 103, niobium 95,  zirconium  
95,  strontium 89 and 90, zinc 65, cobalt 60, potassium 
40 and phosphoru s 32  and  their  progeny.  An  
estimated 100 curies of tritium are  also  released  
annually  in the exhaust plumes from the plant, along  
with  an unkn ow n quantity of other radioactive gases 
and volatile substances. 

2. J A Hayd en, HM Baker, RA Link, Particle size 
analysis, pluto nium oxide in Building 776 ef fluent air, 
using the fission track method, Dow Chemical Report 
No. 317-72-165 (Dow Chem ical Company , Rock y 
Flat s Pla nt , Golden , Co lorado 8040 1, 1972). 

3. J A Ha yden , Particle size anal ysis in Building 771 
effluent air, Dow Chemical Compa ny report No. ES-
376-84-118 (Dow Chemic al Company, Rocky Flats 
Plant, Golden, Colora do 80401, 1974). 

4. W J McDowell, F G Seeley, MT Ryan, Health 
Physics 32, 445 (1977). 

5. J A Hayde n , Particle size analysis in Buildin g 776 
effluent  air  (Dow  Chemical  Compan y,  Rock y Flats 
Plant , Go lden , Colorado 80401, 19 72). 

6. H Nichols, Some aspects of organic and inorga  nic 
particulate transport at Ro cky Flats, in Trans 
actions of Meeting on Rocky Flats Buffer Zone , 
Ecologic a l and Environmental Research Meeting , 
Rockwell International, Rock y Flats Plant (P.O. Box 
464, Golden, Colorado 80401, 1977). 

7. Re view of the Ex haust Air Filtering and Air Sam 
pli ng, Building 771 (Rocky Flats Environmental 
Master File, The Rocky Flats Plant, Golden , Col 
orado 80401, 1963). 

8. LE Toonkel , HE Feely, R J L arsen , Radionu clides 
and tra ce metals in swface air, in Environ mental 
Quarterly of the Environmental Measure ment s La 
bora tor y (United State s Department of Energy , 
New York, New York 10014, 19 79). pp C/1- 16 0. 

9. T S Chapman, Correspondence to Dr. Nathan 
Woodruff conce rning plutonium sampling in air 
(The Rocky Flats Plant, Golden, Colora do, 
Feburary 17, 1960). 

10. M A Thompson , DD Ho rnbacher, Monthly and 
Annual Environmental Monit or ing Reports, (Un 
ited States Energy Research and Development 
Administration, Rock y Flats, Golden , Colorado 
80401, 1970-1975). 

11. Denver Post, September 12 , 1957 (Denver, Col 
orado). Also reported in the Rocky Mountain News 
(September 13, 1957). 

12. S Chinn , H Holme, Pre-Tria l Statement, Civil Ac· tion 
No s. 75-M-1111, 75-M-I 162, and  75-M-1296 (in the 
United States District  Court  for  the  District of 
Colorado, Denver Colo rado, 19 78). 

13. Operationa l a cciden ts and radiation expos ure ex 
perienc e with in the United States Atomic Energ y 

Commis s ion , 194 3- 1970. WASH 1192 (United 
States Department of Energy , Washington, DC). 

14. The report of investigation of serious incident in 
Building 771 on September 11, I 957 (Dow Che 
mical Company. United States Department of 
Energy, Washingto n, DC , 1958). 

15. J B Owen , Re views of the exhaust air filtering and air 
sam pling , Building 771 (Rocky Flats Plant , 
Golden , Colo rado, March 14 , 1963). 

16. R W Wood a rd, Plutonium particulat e studies on 
Boost er Syst ems No. 3 (Building 771) filter ple 
num. (The Rocky Flats Plant, Go lde n , Colorado, 
January 27, 1971). 

17. PG Hagan,  F  J  Miner,  Wat er-solub le  plutonium on 
plenum filters. CROL  950355-4  (The  Rock y Flats  
Plant ,  Golden ,  Colo rado ,   November   11, 197 0). 

18 . P  N  Krey ,  E  P Hardy,  Plutonium  in  soil around the 
Rocky Flat s Plant. HASL-235, United States Atomic 
Energy Commission. (The  Rocky  Flat s Plant, Golden 
, Colorado, August I , 1970). 

19. S E Ham mond , Determination of cont aminati on from 
Rocky Flats Plant in the environs Interim Report. (The 
Rocky Flats  Plant ,  Golde n,  Colora do , Mar ch 13, 
19 58). 

20. H R McLenden , 0 M Stewart , A I Boni, J C Carrey, 

KW McLeod,  J  E  Pinder,  (Proceedings of the Int 
ernational A tomi c Energy Associati on SM- 
199/85). 

21. P Ager, in a telegram to F H Langell requesting a 
crash survey. (The Rocky Flats Plant, Golden , 
Colorado, Apri l 16, 1959). 

22. JR Seed , KW Calkins , CT Illsley , F J Miner , J B 
Owe ns , Commillee evalua tion of soil levels within 
and surrounding United Stat es Atom ic Energy 
Commi ssion Installation at Rocky Flats, Colora do. 
Repor t RFP-INV-10 (Dow Chemical Com pany, 
Rocky Flats Plant, Golden , Colo rado 1972). 

23. S E Poet , E A Martell, Health Physics 23, 537 

(1972). 
24. P N Krey, He alth Physics 30, 209 (1976). 
25. CJ Johnson , RR Ti dba ll, R C Severso n , Scien ce 

193, 488 (1976). 
26. CJ John son , RR Tidball, RC Severson, Scien ce 

196, 1126 (1977). 
27. CJ Johnson , Jou rnal of American Medical Asso 

ciation 237, 2286 (1977). 
28. C J Jo hnson , Offsite distributi on of plutonium in 

the respirable dust on the .mrface of the soil in the 
vicinity of the Rocky Flats Plant (The Je fferso n 
County Board of Hea lt h, Lakewood, Colorado, 
1977). 

29. C J Johnson , Distribution of Cesiu m 137 in the 
surface res pirable dust in the vicin ity of the Rocky 
Flats Plant : Final Report . (The Jeffers on County 
Board of Health , Lakewood , Colorado, 1978). 

30. Omnibus  en viro nmental   assess ment   for   the Rock 
y Flats Plant of the U nite d S ta tes  Energy Rese arch 
and  Development  Adm inist ration, (Rocky Flats 
Plant, Golden, Colorado, 1975). 

31. GA Sehmel, in Transactions of M ee ting on Rocky 
Flats Buf fer Zone, Eco lo gic al a nd Env ironmental 
Research  Meeting,   (Rockwell   Inte rnationa l, Rocky 
Flats Plant, Golden , Colorado, 1977). 

32. L M McDowe ll, SW Whicker , Heal th Physics 35, 239 
(1978). 

33. Colorado Depa rtme nt of Health, United States 
Atomic Energy Commission , R ocky Flats Plant 
Environmental Surveillance Summary Report (The 
Colorado Department of Health, Denver, Colorado 
19 73). 

34. R P Larsen , R D Oldham , Science 201, 1008 (1978). 
35. K J Mor gan , in a letter to the Rocky Flats Monito  

ring Committee, (!27 State Capito l, Denver, Colo 
rado , 19 79). 

36. J Cobb, University of Colo rado School of Medi 
cine, Denver, Colorado (1978) . Persona l commu 
nication . 

37. W D Norwood , CE Newton , Health Ph ysics 28, 
669 (1975). 

38. Proceedings of Public Hearings on plutonium and 
other tran s-uranium elements , Volume I-lll, No. 
ORP/CSD-75-1 (United States Environmental 
Protection Age ncy, Washingt on, DC, 1975). 

39. J Vaughn , Pluto nium- A pos si /Jle leukemia risk (The 
Bon e Research Laborat ory, Nuffield Ortho pedic Ce 
ntr e , Oxford, England , 19 76). 

40. D S Myers , Health Physics 22,905 (19 72). 
41. K Z Morgan , American Indu strial H ygiene Asso 

ciation J o urnal, p 567, (1975). 
42. C J Johnson , in Proceedings of th e !Vth Interna  

tional Con gress of the Int ernationa l Radiati on 
Protection Association , pp 2, 243 (Paris, 1977). 

43. W Brand on, A Bloom, G Saccom a nno , P Archer , 

V Archer , R Bistli ne , A L ilien feld , Somatic cell 
chromosome and sputum cell cytolo gy changes in 
humans exposed to 222 radon and 239 plutonium. 
Progress Repo rt , Department of  E nergy  Contact No.  
E  (2902)-3639,  (Rockwell   In ternat io nal, Rock y 
Flats Division , Health Sciences Group , Golden , Co lo 
rado. 19 76). 

44. CJ Johnson , in Proceeding.1 of the 105th Annual 
Meetin g of th e American Public H ea lth Associa tion, 
Washingt on, DC (1977). 

45. CJ Johnson , in Proceedings of the 145th National 
Meeting of the American Association for the Ad 
vancement of Science (Houston , Texas, 1979). 

46. JP Fo x, CE Hall, LR  E lveback  , Epidemiology, Man 
and Diseas e, (The MacMillan Compan y, Collier-
MacMillan Limited , London, 1970 ). 

47. CJ Johnson, in Pro ceedings of th e First Int erna 
tional Con gres s on Human Ecology (Vienna, 
Austria, 197 8). 

48. Third Nati o nal Cancer Surve y: Inci dence Data , 
National Cancer Ins titute Monograph 41, Depart 
ment Health Education and Welf are No. (Natio nal 
In st itut es of Health) 75-787. U nited States 
Departme nt of Health Education and Welfare, 
(Public Health Service, Natio nal Institutes of 
Health, National Cancer Institute, Bethes da, Ma 
ryland, 1975). 

49. Census tract s initially contained abo ut 4000 inha 
bitants , but now are often much larger. The boundaries 
of the census  tracts  are  establ is hed jointl y by loca l 
co mmi ttees and the US Bureau of the Census to ac 
hieve some hom oge ne ity of such population 
characteristics as economic status and living conditions. 
Detailed demographic data are available from the US 
Bureau  of  the  Census  for each census tract.  Data  
used  here  were  published in: United States  Bureau  of  
Cens us ,  Population and Hous ing: 1970 Census Tra 
cts, Final Rep ort PHT (/) - 56 Denver, Colorado 
Standard Metro politan Statistical Area , ( United  
States  Govern ment Print in g Office, Wash ingto n , 
DC, 1972). (Book) 

50. J Berg, The Colo rado Regional Cance r Center, 
Denver, Colorado, National In stitutes of Health 
grant No. CA 25729-01 (1979). Personal commu 
nication. 

51. R R Mon son, Com pu ters and Biom edical Re search 
, 7, 325 (1974). 

52. A Bla ir , P Decoufle,  D  Granman,  American Journal 
of Pub lic Health 69, 508 (1979). 

53. DD Smith, SE Black, Actinide concentrations in 
tissues from cattle grazini near the Rocky Flat s 
plant, NERC-Lv-539-36. (National Environmen tal 
Researc h Center , Env ironment al Protectio n 
Agency , Las Vegas, Ne va da , 19 75). 

54. D Green , GE Howells, ER Humphreys, J Ven 
nart, Natur e 225, 17 (1975). 

55. J J Russe ll , A Lindenbaum, D Grahn, Non-homo 
genous distribution of plutonium in mouse testes, 
(Division of Biological and Med ica l Research, Ar 
gonne National Laboratory, Argonne , Illinois, re 
ported to the Radia tion Researc h Soc ie ty , 1976). 

56. K Ne wman, Ro cky Mountain New , Denver , Col 
orado (March 18 , 19 79). 

57. GA Fairchi ld , S Stulz, D L Coffin, Sulfuric acid 
effects on the deposition of radi oactiv e aerosol in 
the respirat ory tract of guin ea  pigs, (United States 
Environmental Protection Agency,  Nation al 
Environm ent Research Center , Research Triangle 
Park, No rth Carolina , 19 75). 

58. G W Snedecor, W G Coch ran, Sta tistical Meth ods 
(Sixth Edition , Iowa State University , Press , Ames, 
Iow a, 1976). 

59. SE Finch , in Radiation Research , Proceedings of 
the Sixth Internat ional Congress of Radiation Re 
search, (Topp an Print;ng Company , Limited, To 
kyo, 1979). 

60. The author wo u ld like to acknowl edge the assis 
tance of the Colo rado Regio na l Ca ncer Center staff 
(Dr John Berg and Dr Jack Finch) , National Cancer 
In stitute grant CA 17060, who developed the compu 
te r program to retrie ve , collate, and age-adjust 
cancer incidence data by census tract from the 
computer archives of the National Can cer Inst itut 
e's Third National Cancer Survey of 1969-1971 ; the 
Division of Vital Stat ist ic s of the Colo rado 
Department of Health : Kathryn Van Deusen , who 
assis ted the author with the analysi s of the data ; Mr 
James T Mart in , who provided statistical support; 
James J Doyle of the United States Geological 
Survey, who assisted with the figure; and Ors 
Caldwell, Zack, Stutzman, Ehren berg and others 
who reviewed the manuscript. The work was suppo 
rte d by grant CA 25729 from the Nation al Ca nce r 
Inst itute , National Ins titute s of Health . Th is paper 
was or igi na lly presented at a session sponsored by 
the Occupational Health and Safety, Environment, 
Epidemiology and Ra diological Health Sections of 
the American Public Health Association, at the 107th  
Annaul  Meeting in New York, N Y, on November 
7, 1979. 

182 AMBIO VOL IO NO. 4 


