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Please identify yourself and state your qualifications.
My name is Carl J. Johnegon. I reside at 42 Hillside
Drive, Wheatridge, Colorado 80215. I am an Associate
Clinical Professor of Social and Environmental Health at
the University of Colorado School of Medicine. Previous
to my present employment, I was Director of the Jefferson
County Health Department. Additional background and
qualifications are presented in my resume, attached as

Exhibit 1 to my testimony.

What is the subject matter of your testimony?

My testimony primarily relates to the NRC Staff's analysis
of the environmental (health) impact: of the CRBR and its
fuel cycle as presented in the NRC Staff's "Draft
Supplement to Final Environmental Stztement Related to the
Construction and Operation of Clinch River Breeder

Reactor," NUREG-0139, July 1982 (henceforth "DSFES").

Are Staff's (and Applicants') estimates of environmental
releases and environmental contamination from the proposed
CRBR fuel cycle as reported in the DSFES realistic?

No.

What is the basis for your disagreement?

First, Staff's (and Applicants') estimates of the
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potential releases of transuranics from the proposed DOE
fuel fabrication and processing plants are based on
confinement factors (defined as release/throughput)
proposed by DOE (DSFES, pp. D-9, D-14, D-15). These
confinement factors are unrealistic, as evidenced by the
releases experienced at DOE's Rocky Flats facility.
Second, the DOE cannot be trusted to reliably
estimate and report radioactive releases from its
facilities and environmental contamination as a result of

these releases.

Why do you believe the confinement factors assumed for
plutonium and other transuranics at proposed CRBR fuel
cycle facilities are unrealistic?

The assumed confinement factors at the proposed
fabrication plant appear to be based on arbitrarily

reducing by a factor of 100 a theoretical efficiency of a
bank of three HEPA filters (DSFES, p. D-9). The basis for
the confinement factors at the fuel processing facility is
not stated -- only that they were proposed by DOE (DSFES,
p. D-14).
As is evidenced by experience at Rocky Flats,

accidents and leaks are the dominant release modes. The
theoretical HEPA filter efficiencies and laboratory test

results for these filters are largely irrelevant.
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Furthermore, the methods of measuring the efficiency of
HEPA filters are questionable and the results of such
measurements are not a reliable indicator of the actual
efficiencies.

With regard to the dominant release mode, during a
major fire and explosion at Rocky Flats, all 620 filters
in the main stack were blown out of the stack, releasing
fcur years' accumulation of plutonium and uranium on the
filters. (See Exhibit 2 attached to this testimony,
particularly references 12-14.) Similarly, releases from
chemical processing plants at the Savannah River Plant
have been as large as two curies in a short period of
time.

Further evidence that DOE proposed confinement
factors are unreasonably small is found in the measured
contamination at Rocky Flats, as compared to that

projected or claimed by DOE. This is discussed below.

What is the basis for your view Lhat DOE cannot be trusted
to reliably estimate and report radioactive releases from
its facilities?

I enclose a reprint of a 1976 Science article reporting a
survey that I conducted in collaboration with the U.S.
Geological Survey of plutonium in surface dust around

Rocky Flats, which is similar in many respects to the



proposed CRBR fuel cycle facilities, that is, the
reprocessing and fabrication plants (Carl J. Johnson, et

al., Science 193 488-490 (6 Aug. 1976), attached as

Exhibit 3). Despite the results of the survey, the DOE
persists in using a soil sampling technique that includes
subsurface soil and fine gravel, a sample that yields
misleadingly low concentrations of plutonium. Moreover,
despite recent claims by the DOE plant personnel at Rocky
Flats that air concentrations of plutonium around the
plant were near that of "background," a separate
monitoring system maintained by the Environmental
Measuremenrts Laboratory disclosed that plutonium in air
levels at the plant has been the highest in the western
hemisphere for every month measured. (See Exhibit 4,
attached to my testimony.)

The large release of tritium to a stream that
supplied water for the city of Broomfield in 1973 was not
acknowledged by AEC personnel for three months. During
that three month period, the people in Broomfield were not

informed about the radioactive contamination of their

water supply.

Can the public rely on DOE monitoring efforts to ensure

that future emissions of radionuclides frcm proposed CRBR

fuel cycle facilities will not exceed projected levels,



and to ensure that frank and reliable information will be
promptly released if evacuation of the public must be
considered in case of accident, or to permit precautions
to be taken in case of unexpected releases due to
accidents?

Judging from the prior record of the AEC (whose functions
in this area are now performed by DOE, NRC, and the ORP of
the EPA), the public cannot rely on the monitoring at such
installations. As noted above, during a major fire and
explosion in 1957, large quantities of plutonium and
uranium, accumulated on filters, were released to the
environment. The public was told that "tests after the
fire indicated no release of radiation of consequence,"
despite a survey around the plant by plant personnel
indicating high levels of contamination of soil at two
elementary schools, one six miles away and one 12 miles
away, and on private land. The plant resumed operation
several days later without the benefit of monitoring of
stack emissions. It was operated in this manner until the
8th day after the fire. Internal plant correspondence
indicated that plant personnel were aware that monitors
maintained in the surrounding area were reporting
plutonium in air concentrations at least an order of

magnitude less than actually present.




Did the Staff realistically estimate the radiation
absorbed dose to the public due to gaseous effluents of
plutonium and transuranic elements from the CRBR fuel
cycle?

As far as I can tell, the Staff did not report the dose to
the public from transuranics. The Staff only reports
whole body person-rem dose commitment, which is
inappropriate for plutonium and other transuranic
exposures.

As noted above, DOE plants working with plutonium
(e.g., Rocky Flats and the Savannah River Plant) have had
large releases of radiocactivity in stack effluents.
Excessive releases of radiocactivity have not been limited
to plutonium but include other transuranics and, at least
at SRP, tritium and radioiodine, as well. Transuranics 1in
exhaust plumes from such plants can travel for many miles
and, around the Rocky Flats plant, account for nearly as
much plutonium at 60 km from the p.ant as from worldwide

fallout, according to a report in Health Physics by Poet

and Martell, who also reported several times as much
plutonium from Rocky Flats as from worldwide fallout in
the eastern suburbs of Denver, over 35 km from the plant.
Extremely small doses of plutonium have produced
measurable effects. A study of plutonium workers at Rocky

Flats found that doses as small as 400 to 4,000 picocuries



internally have caused a 33% increase in the rate of
chromosomal abnormalities in circulating lymphocytes.

This effect, compared to similar effects induced in
uranium miners and in survivors of Hiroshima and Nagasaki
who received large doses of radiation, indicate high doses
of radiation at the cellular and tissue levels,

A recent report by Dreyer, et al, (attached to my
testimony as Exhibit 5), supported jointly by the NRC and
EPA, which served as the basis for one or more NUREG
publications, has now been shown to be wrong. (See
Exhibit 6 attached to my testimony.) The Dreyer report
claims that doses for the public from DOE's Rocky Flats
plant in Denver are at least five orders of magnitude
smaller than is actually the case. (See Exhibit 4.)

The current DOE position on population effects
downwind from DOE's Rocky Flats plant is that there would
be less than cne case of cancer expected in the next 70
years in the Denver area. However, my study, funded by
the National Cancer Institute and published by the Royal
Swedish Academy of Sciences last year (Exhibit 2), and
using federal data from the Third National NCI Survey of
Cancer Incidence, fou..d an excess of 491 cases of cancer
in the Denver area attributable to discharges from the
plant for the three-year period 1969-1971. The net impact

of the plant on the Denver area population could result in



an excess of 3,000 to 6,000 cases or more of cancer in the

next 70 years.

Just how toxic is plutonium?

The excretion rate of plutonium from bone is about one-
half in 200 years (see ICRP 2). So, if inhaled or
ingested, it stays in the body for very lcng periods of
time. As little as 400 to 4,000 picocuries, total body
burden, in adults has been shown to cause an increase of
33% in the rate of chromosome aberrctions. Extrapolating
to the fetus and considering differences in
radiosensitivity and body weight (150 lbs./1.5 lbs. x
20/1), a body burden of 0.2 to two picocuries could induce
a similar effect in the fetus and, of course, a smaller
dose would induce a similar effect on a smaller fetus.
Because of the small number of cells in a fetus, the rapid
rate of growth and tha length of life span remaining, and
the multiplicative effect of injuries generated in
chromosomes and to cell metabolism, this dosage level
would not be acceptable. In actual fact, considering
public health principles, and providing a safety factor in
a dose for a fetus, a maximum permissible body burden
could be placed as low as two famtocuries (0.002 pCi) of
plutonium, and similar limits for other transuranics.

A large number of isotopes and transuranics are
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routinely released at the Rocky Flats plant and would be
released by the proposed CRBR fuel cycle. Additive and
potentiating effects must be considered for all

radionuclides in toto. A list of 240 different longer-
lived radionuclides routinely released by nuclear plants

are listed in the April 1980 issue of Health Physics.

Doctors Morgan and Meyers independently suggested
that the current estimate of toxicity of plutonium is
understated by over 200 times. A study in rats found that
five nanocuries caused an increase of 10% in lung cancer
in rats. J. L. Park has found that doses of 80 to 90
nanocuries of plutonium in dogs can cause death. Work by
Cross, et al. (attached as Exhibit 7 to my testimony),
indicates that dogs are about 100 times more resistant to
cancer per unit dosage of uranium ore dust and radon than
man. This may be extrapolated to exposures to plutonium,
in which case less than one nanocurie could induce death
in man.

Barr reports an investigation in which dogs were
allowed to inhale one microcurie of various isotopes of
plutonium, curium, or americium. There were large
differences in the dosage to each organ, i.e., 3250 rem to
bone, 1320 to liver, 170 to kidney, 46 to gonads, 863 to
lung, and 43,700 to pulmonary lymph nodes. Other organs

would receive appreciable doses as well. Such dose
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distributions to organs must be considered in making
comprehensive dose estimates. Every pharmaceutical house
in the world relies on studies with dogs and other
experimental animals in order to extrapolate toxicity to
man. Do the dose models used by the ICRP have an adequate
base in empirical science2? A permissible body burden in
man of 40 nCi (0.040 microcuries) could result in doses of
130 rem to bone, 53 to liver, 7 to kidneys, 2 to gonads,
34 to lung, and 1748 to lymph nodes, based on the dog

studies. But man may be 100 times more radiosensitive to

plutonium than the dog.

Are the estimates of fatal cancers in the work force
population reasonable?

No. First, NRC Staff in the DSFES apparently has failed

to consider the occupational exposure in the CRBR fuel
cycle. Second, although the DOE study of Rocky Flats
plutonium workers (Voelz, et al.) appeared to claim that
there were no measurable effects on plutonium workers,
another study of cancer incidence found the ratio of brain
tumors to all cancer among 3900+ Rocky Flats workers at
the plant to be eight times higher than expected, compared
to all Colorado white males. The rate of malignant
melanoma was three times higher than expected, and

respiratory cancer was 25% higher than expected, compared
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to all Colorado white males. The actual effects may be

higher than these figures indicate, because of the well-
known healthy worker effect, described for persons who are
healthy enough to have a good work record, who are able to

pass security clearance and a higher educatiwunal level.

Do current NRC/DOE guidance limits for radionuclides
provide adequate protection to the public?

No. The NRC/DOE would permit 10,000 picocuries of uranium
per liter of drinking water. Current EPA guidance limits
concentrations of uranium in water to no more than 10
picocuries per liter based on estimates of risk to

health. The AEC (now NRC/DOE) formerly would permit three

million picocuries of tritium per liter of water. This
was later reduced to one million pCi/liter. The EPA,

which obtained authority in 1976 for regulation of
drinking water, has reduced this limit to 20,000

pCi/liter.

The EPA developed maximum permissible soil concentration
limits for plutonium in 1977 (EPA 520/4-77-016). How do
you assess this proposed guidance?

This guidance is inadequate. Although still urged by the
Office of Criteria and Standards of the Office of

Radiation Protection of the EPA (NCS, ORP, EPA), it was
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not signed into law by President Carter and to date has
not been signed by President Reagan. The OCS, ORP, EPA is
administered by a former AEC officer. The EPA report
suggests that below 20 picocuties/cm2 is sufficient that
no remedial action is required of transuranic contaminated
soils around any nuclear facilty in the country (including
the proposed CRBR fuel cycle facilities). However, this
standard is ten times less protective than an Interstate
Commerce Commission guideline limiting contamination of
trucks hauling radiocactive materials to less than 4.4 dpm
(2 picocuries) of alpha radiation per square centimeter.
In other words, a child may play near Rocky Flats on
private land in soil containing 10 times more plutonium
per square centimeter than is permitted for truck drivers
hauling radioactive materials. In contrast, the usual
protection, or safety factor for the public, is to reduce
an occupational concentration limit by up to 100 times,
for very obvious reasons. In other words, the child would
not be permitted to play on the surface of his backyard if
there were more than 0.02 picocuries of plutonium per
square centimeter. Yet the EPA, presumably supportive of
the NRC/DOE, urges a limit of 20 picocuries per square
centimeter. The DSFES is inadequate in its failure to
address the adequacy of the current and proposed

transuranic standards.
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ROYAL SWEDISH ACADEMY OF SCIENCES
Cancer Incidence in an Area Con-

taminated with Radionuclides Near a
Nuclear Installation

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

Anglo cancer incidence for the period 1969-1971 was evaiuated in census
tracts with and without contar-ination by piutonium and other radionuc-
lides f:om the Rocky Flats (nuc 2ar weapons) piant near Denver, Colorado
(1970 population 1019 130). 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 154 170) (nearest the piant), 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 popuiations to small concentrations
of plutonium and other radionuclides may have an effect on cancer inci-

dence.

A nuclear weapons plant (weapons com-
ponents and researchi in Jefferson Coun-
ty. Co'orado has routine!y released pluto-
mun: (Pu) and other actinides and radio-
nuchdes n the exhaust from plant
smokestacks since 1953 (1) Plutomum s a
very potent carcinogen and considered
the most important nisk to health. and so
1S monitored on a regular basis. Release of
other actinides and radionuclides s
checked less frequently (1)

While ¢ xhaust ducting filters—five high
efficiency particulste air (HEPA) filters in
senes—<ffecuvely remove Pu particu-
lates larger than 0 3 micrometers (um) in
diameter from the exhaust stream
(13000 000 m’ daily from the main stack)
leaks do occur (2} and one report (1972)
estimates the number of individual par-
ticles emitted from 776 Building 10 be on
the order of milhons per dayv (3 About
halt the parucles are below 0 lum in
diameter and behave like gas molecules
(31 In addinion. small particles of Pu (Pu
oxde) and other alpha radiation-emitting

nuciides can diffuse through the filter
rangement due 1o the constant trugmen
tanon and seifrcattering effect of the
dipha reconl phenomenon  Tubie 4
176

There i1s a “dissemination of the finest
radionuclide particies throughout the area
over a radius of several miles from the
plant site  and ‘these smallest particles
are not nouceably reduced 1n number by
gravitanonal settling to three miles from
the apparent point of ongin and presum
ably reached much further afield " (S, 6

Sampling stations draw air from the fil-
tered :xhaust stream through a collecting
filter. An evaluation of filter efficiency in
which two millipore filters were arranged
in tandem disclosed a “‘large and vanabie
percent of the particles on the backup fil-
ter 13169 percent). indicating an under-
estimation of Pu releases (£ #)

Routine releases of Pu in exhaust from
the plant ranged from an annual average
concentration of 0 03 picocunes or 1) 06
disintegrations per minute per cubic meter
tpCum or dpmvm ) 1n 1953 10 | 05 pCi or
233 dpmm in 1962 (Table 1) compared
to a guideline imiting Pu in plant eshaust

o less than 0 12 dpm m Plutonium
concentrations in the air at the Rocks
Flats plant are consisient!y the highes
1970<1977 in the LS Depurtment oi
Energy « DOE momitoring netw ork Vhich
Ras nons posstioned throughout the

western hemisphere (8). The DOE station
at the eastern (downwind) boundary of the
plant has recorded an average concentra-
ton of 2072 attocuries'm’ (aCim’) of plu-
tonium over the eight year period. com-
pared to 32 aCim’ for New York City and
5 aCum’ for the station with the lowest
concentration (8)

The air concentrations of Pu obtained
from ambient air monitors are of dubtous
validity. because. as Chapman states
"Although we maintain air samplers in
neighboring populated areas. these are not
visited daily because of the cosi invoived
and because we found them 1o give the
same value as air samplers collected daily
on site. The samplers are visited fortmight-
Iy principally to insure that they are oper-
aung and can be used as a defensive mea-
sure in case of an incident on the plant
site. Consequenrly. dust loading restrcts
the air flow and gives an unrealisticaliv
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 magmitude lower than those re-
ported from the an sampling stations of
other observers 19 In addition 1o prob-
lems with dust loading. incompatible wind
speeds. and the diffusion through filters of
alpha active aerosols. these filters are less
efficient than the industnal HEPA filters
through which the Pu particulates have
already passed

Unusual releases have occurred. espe-
cially n major fires in 1957 and 1969 (7. 8.
10. 111 Average measured concentrations
of Pu in exhaust piumes from the man
stack at the plant were as high as 948
pCim’ for the eighth dav after a fire and
explosion in 1957 which blew out the fil-
ter sysiem (12-14) There are no records
of emussions for the <even-day penod dur-
ing the fire and after. but those unmea-
sured releases may have been 4 10 §
orders of magmitude greater than the re
leases recorded on the eighth day (an est-
mated |2 millicunies. or about 200 mg of
Pu) (12-14) The releases of Pu and other
transuramcs in the 1957 fire may represent
the most important exposure (o the
population near the plant durning the
peniod 1953<1971 The 620 HEPA filters
in the main plenum had not been changed
since they had been installed four vears
carhier and may hasve contaimned mans kilo-

grams of Pu resumates range as high as
250 KE Oor about 15000 Curiest Large
plumes of Pu-contaminated smoke from
the 150 toot high stuch continued throuch
out the mght Evewitnesses reported it to
Be very durk o color. %0 1o 1O feet high
BMowing south. east and southeast 12«
4
ANl
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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
nc 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 plutomum. of which 86
percent was water-soluble. (Pu nitrate)
due to nitrates present in the exhaust (17)
When the stack monmitors were placed
back in operation eight days after the fire.
the guidelines for stack emissions were
exceeded by 16000 umes for that day.
greater than a permitted release over a
50-vear pencd.

An unknown guantity (14=20 kg) of Pu
metal burned up in the fire. Burming Pu
forms submicron-sized partcles of piuto-
nium oxide. According to a report made
by the Atomic Energy Commussion
(AEC). these partcles do not settle out
trom industnal exhaust plumes. and are so
small as 1o move like metal fumes and do
not acgount for the pattern of soil con-
tamination around the plant ( 18)

There was concern about offsite con-
tammnation with piutomum by the fire
However. only three offsite soil samples
were taken (19). All showed contamina-
tuon by the plant. A soil sampie taken at
the Ralston Elementary School 12 miles
south-southwest of the plant contained
12000 dpm/kg of “possible ennched ura-
mum  and a sample taken at the Semper
Elementary School six miles east of the
plant contained 16 000 dpm/kg of ~'possi-
ble ennched uranium’” (Figure 1). A third
sample from pnivate property contained
18 000 dpm/kg of “possible plutonum™
These concentrations are |50 to 225 umes
higher than Pu concentrations in soil from
accumulated worldwide fallout from nuc-
lear weapons testing according (o
measurements of background levels  in
Colorado soil. or between 4200 and 6300
umes higher than the "background level™”
(0.003 dpmvg) measured in South Carolina
(20). These soil concentrations only “di-
cate the passing of a very heavily con-
taminated smoke plume containing very
large amounts of Pu and other actimdes
and radionuclides. An official at the piant
afterward requested a ""crash’ sui -ey as
part of a nationwide AEC Project. repeat-
Ng a request in earlier telegrams for re-
ports “contaiming information relating to
radioacuvity in the atmosphere and the
fallout therefrom. which 1s of direct in-
terest to and must be known by the public
in order to evaluate dangers to hife” 121

A large area Jownwind from the facility
{Figure 11 has been contaminated with 150-
topes of Pu and other radionuchdes (22~
29y Uramum has been released by the
open burming of over 100 barrels of con-
taminated lathe ol (M) In addition. waste
lathe wmil from the milling of Pu metal

AMBIO) s
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| Month 19SAD) 1958 1984 1987 1954 1950 1960 1961 1962
Jan 003 N 008 036 048 284 LRk ] 164 268
Feo 203 an 208 008 098 @ 06 1.1 179
| Mar 30e an 006 084 559 0.28 co8 972 082
! Apr 0.02 a12 997 008 038 018 a08 12 124
| May 008 208 0 004 a9? a8 e 120 289
| Jun 003 308 009 020 588 056 I3 113 334
| Jut na? 204 CF+] 040 1319 187 053 on 254
{ Aug * 002 020 009 080 108 142 124 'R
Sep 3.8 o 023 e 73 089 269 120 147
| Oct 206 008 058 684 081 0s? 128 280 03
{ Nov 010 008 03 0% ca 219 'R 08s 244
| Dewe 0.14 204 218 200 128 012 1.12 04e $13
! Annuai
Aversge 908 0.08 (81 "0 2% o.98 oss 172 EE ]
‘2 Fecerw for - for such exhaust plumes 3 012

dpm/m  Daily exhaust volume from man steck axceeds 13000 000 m'

0.03 gpm/m | ana for 1963 (average 7 83 oCum )

¢! Fire on Septemper 11 1987 Sept 110 088 dom/m  Sept 11-'8. "0 sampie (e@CINCHl Dower farlure
following & maor frel Sept. '9-30. 74 74 apmym and on Sept 19 2086 10 dpm/m

‘@l Al futers changed in the man filter pienum Fet '-13. 537 dom/m  Feb 14-28 021 dpm/m

L ‘0) Estimated. not incluaing Pu relessed during e fire or for six days after

o1 Data incompiete for 1953 (aversge

Table 1| Monthiy average piutonium 239 concentration, in disi

per minute per cubic Mmeter

{dp=. m |, in the air leaving the man axhaust duct of Building 771 (a) (from Reference 7).

Figure 1. Denver area census tracts within
isopieths for 301l contamination with plutomium
downwind from the Rocky Flats piant The offsite
30l contamination was reported on March 13,
1958 to be as follows (19).

(dpmvkg) of “possible ennched uranium

©) At the Reiston Elementary Schoo! 12 200
dpm kg of “possidie enriched uranium

¢) "Possible plutonium 18 000 dpmvkg on
private property sast of the Rocky Flats plant

stored in several thousand corroded bar-
rels outdoors at the plant spilled out on
the ground between [958 and 1968, and
contributed at least S8 cunes to the
offsite contamination  30)

Concentrations of Pu in soil may be
compared (o current . proposed guide-
lines for areas with 1k of human expo-
sure. Only a Soviet standard of 0 44 dpm
cm*. or () 44 dpm/g of suil (by convention)
15 1n the same order as the surface soil
concentrations of Pu in the major part of
the area studied (Table ) (22) An Inter-
state Commerce Commission guideline
for trucks hauling radiwactive matenals
permits 4 concentration 1) nmes greater
14 4 dpmcm-1 but 1s 10 times more pro-
tective than u proposed Environmental
Protection Agency (EPA guideline to
protect the general public 144 dpmicm©). a
guideline that has been criticized

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)
10 2040 percent in airborne soil (31). As
much as 50 pCig of Pu in airborne soil has
been reported in the area. A studv of Pu
particle size 1n the soil suggested that sing-
le Pu atoms and Pu parucles with dia-
meters less than the minimum detectable
equivalent . ‘ameter (0.09 um) accounted

for the majority of Pu 239 and Pu 240

actuivity in the soil (32).

Contamination of an aquifer under the
facility to 2.5 picocunes of Pu per liter
(pCul). a stream leaving the plant site to
209 pCi/lt1). and a nearby water distnct to
2.29 pCi/l has been reported (1. 33). Pun
chlonnated water 1s soluble to the extent
that a recommendation has been made
that the concentration limit be reduced
from 1600 pCul to 0.16 pCul (26. 27). so
these concentrations of Pu are of concern
(34 15§,

Contaminated water 1s a sigmficant
source of exposure for only a small frac-
tion of the Denver are. pop lation (1)
The major route of exposure is the inhala-
uon of airberne 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 tidentified by 1sotope ratio) in autopsy
specimens of persons in the area (36)

There has been no prior investigation of
health effects for residents of ureas conta-
minated by Pu. (Pu. an alpha radiation
emitter. has a very slow rate of excretion
and 1s thus retained in the body for many
vears. ) Although Pu is present in exposed
persons 1n higher concentration in bone
twhere the half-life s about 200 veurs:
autopsy studies of nuclear plant workers
have demonstrated Pu in ail organs (37
Amimal studies suggest that effects ot Pu
may include leukemia. neovplasms of
bone. lung and hiver. and genetic imury

/
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Tabie 2 Guidelines 9 concentrations of aipha radiation (plutomumi for aress
that provide risk to o trom Ret 22)
-
Country Mt Micio- Dinntegrat. s Purpose Tyoe
cures cunes per minute per §
per km per m ary s0il Of per cm
| USSR - 1002 744 ~3na8 47°C wors Lnder Oczusanony
clothin g oe‘ore clean
- 3008 'R wOie surtaces ater Occupationd
! cleaning
! - 00 13 work clotring and Qccupationss
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138 39' Conservative reports suggest that
maximum permissible doses of Pu for
workers should be reduced to about 67
pCi (trachiobronchial lymph nodes). or
about 170 pCi tbone) (40. 41). Inhalation
and retention of a few particles of Pu of
respirable size ( < S um in diameter) could
exceed this amount (42). Lymphocyte
chremosome 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 13 per-
cent those of workers with no measurable
body burden (43). further supporting a
more conservative estimate of the body
burdens of Pu having potential heaith ef-
fects

A prehiminary studv of leukerma and
lung cancer deaths compared eight census
tracts around the facility wiath 19 census
tracts with a similar population in the rela-
uvely uncontaminated part of the county
ta census tract 1s a small area designated
for statistical purposes in certain cities
and 1n standard metropolitan statustical
areas—SMSA s—in the Lnited States). A
higher age-corrected leukemia death rate
was noted in the contaminated area (p=
0.01) and the age-specific (4564 years)
death rat. from lung cancer was more
than twice as great as for the controi area
(p<0.0%) (44, 45). A preliminary study of
congenmital malformations coded at birth
found a rate of 145 per 1000 births for a
large suburban city near the piant 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 inicrest (47)

In order to determine if exposure of a
large population 1o a small concentration
of Pu and other radiwnuychdes nad pro-
duced a measurable effect on cancer 1nci-
dence. the following investigation was
condugte
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Cancer incidence data was acquired by
census tract from the National Cancer In-
stitute’'s ({NCI) Thizd Nauonal Cancer
Survey (1969-1971) with the assistance of
the Colorado Regional Cancer Cenier (48—
$0). The incidence of cancer for each can-
cer class was determined for census tracts
pre-setected within Pu isopleth areas (Fi-
gure 1) with decreasing concentration of
Rocky Flats Pu (idenufied by isotope ra-
o) 1n soil. based on an area-wide survey
(core samples to a depih of 10 ¢cm) made
by the AEC in the Denver area in 1970
(18, 24). Census tracts divided by an 1so-
pleth were included in the area containing
the major part of the census tract

The isopleths in Figure | are approx-
imate but useable in companng the inci-
dence of health etfects between areas with
decreasing environmental contamination
around a point source of emission and
with populations that are s:mular in size
Area |. wathin the Pu concentration range
100 8 millicunies km= (mCirkm*) lies be-
tween 3 and 21 km from the center of *he
Rocky Flats Plant along the principal wind
vector. Area Il (0.8 to 0.2 mCikm*) ex-
tends from 21 to 29 km and Area [1110 210
0.1 mCi’km! 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 pathwavs other
than those that onginate from the soil (e
an indication of the direction of exhaust
plumes from the Kocky Flats Plant since
1983 That actual exposures to rudionu-
clides have been much larger is suggested
by 4 surves ot Pu in surtace respirable

dust to a Jdintance of 32 km around the
plant Concentrations of Pu as much an
1390 times greater than that in { wlorado
hackground concentritien vere ub

L e et ———
-
—

served (169 ¥ dpm.g and 0.05 dpm'g re-
spectively ' compared 1o a maximum <on-
centration ot 26 tumes background for the
AEC surves. which sampied subsurface
soil and coarse particies 2 mm in diameter
and smuller with the windblown matenal
(18}

Data were retneved 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 (51). and most recently utilized by
Blair. er al (52. 51). Age-specific cancer
rates for whites (excluding persons with
Spanish surname. because the population
of the area near the plant s virtually all
white. with few persons of Spanish sur-
name) were calculated for the Denver
Standard Metropoiitan Statistical Area
(SMSA). and expected case numbers Cai-
culated by applying the SMSA age-speci-
fic cancer incide. ‘e rates to the {1 corre-
sponding age groug  in each sub-area. and
summung the r/oduc s o obtain a stand
ardized expected inci ence (cases expe-
ted/area population) .or each area The
number of cases of il cancer or the Clas-
ses of cancer in e7:h area divided by the
standanzed expected incidence provide!
a nisk ratio (observed/expected)

Area IV. the unexposed populati
(compnising the remainder of the Denve
SMSA) had an age-adjusted cancer in
dence ‘males, 269 and females. 226 pu:
100 000) virtually dentical to that for the
state (males. 268 and females. 227 poi
100 000) (48). The nsk ratio for Arex I\
was assumed to be 1.0 and the exposc!
populations (Areas I-IlI) were compure
1o Area [V The population in Area IV
predominantly suburban. as 1s the popul.
tion for Area | nearest the plant. and the
two areas have a mean age more simil
(Table ) than those of Areas Il und 11
and so those two areas provide the most
important compansons. Median ncome
and educauion levels of the study und
control populations were considered wii
the wid of 1970 census data (Table 3 0
order 1o weigh the possible importance ot
such associated factors as smoking. Jict
and alcohol.

The population n the eght census
tracts in Area | nearestthe plant was smul!
and had had rapid development and recent
in-migration ian estimated population ot
16 000 1in 1960. and 44 000 1n 1970 duning
which time the population of Denver did
not appreciably change) (49 Area IV
like Area |. 1s mostly suburban. and pan
of this area also had & rapid zrowth in
population berween 1960 and 1970 The
evidence indicates heaviest xposures in
1957 Since there 1s a latent penod fur
neaoplasms. many persons in the cent
census racts nearest the nlant would not
Rave had sufficient tme in residence o
evmbut an effect trom evposure to Py \n
nfluence on vancer incidenee would M
first apparent in the large popuiation .
in-mgration

with lowmer ratgs ot fhe ot
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tracts with and without p so/

by the Rocky Fiats plant (s!

fect of the inclusion of the eight census
tracts nearest the plant with the remainder
of Area | is to understate any environmen-
tally-related difference in cancer inci-
dence.

RESULTS

The total incidence of cancer for the pe-
nod 1969-1971 1s summanzed in Table 3
for 46 cancer classes by isopleth area of
Pu concentration Compared 1o males in
the unexposed area (Area [V, there was
an .acidence of cancer 2477 higher in
males in Area | nearest the plant and 1577
higher in Area Il. further from the plant
tFor confidence levels see Table ¥ co-
lumn 10 The corresponding - «lues for
females were 12 n Area | and 577 in
Area Il und tor both sexes 1677 und 10

I'he higher incidence of all cuncer in the

AMBIO e

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 tonly females) and
brain tonly females)

The incidence of lung and bronchial
cancer for males in Area [ was about 13
percent higher than for males in the un-
contaminated area (Table 4). This higher
incidence persisted in Area Il (467 high-
eri. In all exposed areas. 497 cases were
observed where 383 were expected. for
males. For both sexes in all exposed
areas. 635 cuses were observed where S03
were expected

There was a significant excess (587 of
cuses of leukemia in temales in Area [

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 maies
i 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 I8 expected)
throughout the exposed area (Areas [
($3-55). The incidence of cancer of the
ovary was also higher 1247 throughout
the exposed areas

The incidence of cancer of the colon
and rectum was much higher tor both
males and females in Area [ 14277 higher
for both sexes) and for all exposed areas
(812 cases observed “11 expectedt. The
incidence of cancer of the liver. gall bad-
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der and “othe; bihary was higher in
males throughout the three exposed areas
(77% migher in Area Il for all exposed
areas. $2 cases observed/3l expected)
Cancer of the tongue. pharvnx. and esop-
hagus was high for both sexes in all three
study areas (89 cases observed SO expec-
ted for males. and 41 cases observed 17
expected for females) According to the
siatistical test used. the remaining vanan-
ces may be random

The strongest comparisons can be made
between Area | a predominantly subur-
ban arca near the plant with heaviest ex-
posure. and Ares IV also predominantly
«uburban with hitle or no exposure and
having virtually the same age-adjusted in-
adence rate for all cancer as that for the
state of Colorado The number of cancer
cases observed tor these two areas in the
three-vear study penod are compared by
age and sex in Table £

For buth seves. the general pattern s
that of excess incrdence of ali cancer in all
ake categornies i Area | with no sigmit
cant exnception Therewas an excess of all

caneer 0 the age group O=1d4 sears {24
olserved 16 capectedr 1 5-dd sears 155

1275 2470 ASSTd vears

12%;, S5.ad vears

s

(338251) and over 75 years (312/277). This
difference was due pnncipally to an ex-
cess of cancer in males 'n the age groups
0-14 vears. 1544 years. 65-74 years, and
over 7 vears An excess incidence of all
cancer was also noted in females with no
sigmiicant exception. especially in the age
group of 15-44 vears and 65-74 vears

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 1n 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 1544 vears and cancer of the colon
in females in the age group 45-64 years

There was a higher incidence of leuke-
mias. lvmphomas and myeiomas in both
sexes in Area ! In males there was a
migher incidence of leukemia in the age
group 544 years of age (132.9) and of
Ivmphomas and mvelomas n the age
group 15<44 vears (197 31 In females.
there was a higher incidence of leukerma
in the age group $5-64 (70 9) and of lym-
phomas and mielomas 1n the age groups
1534 vears (197 01, SS63 veoars (9 2.4,
and 78 = sears (11 3 1y

Ares | compared to Area IV (Control) (sl

A higher incidence of breast 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-adjusied.

The incidence of cancer of the tesus is
again noted. with one case occurmng n
the small population (24 825) in the age
category 0-14 near the plant and none
occurring in the larger contro! population
(66 530). Ir the next older age category.
1544, eight cases were observed where
3.2 were expected.

With one exception (ages 65-74). there
were more cases of cancer of the thyrod
if: females than expected. and an excess of
cancers of unknown ongin. 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 near the plant. compared 10
the unexposed population in Area v
(+122%. +97% and + 3.4%. respec-
tively. for both sexes in Areas I. 11 and
I Males had a higher ratio near the
plant. 17,67 higher. than did the females
(11 9% Mhghery Deleting lung cancer
changed only shghtly the ratio of cancers

AMBIO VOL 10NO 4




of radiosensitive organs to other cancers
t11.77% tugher for both sexes. 17.9% for
males and 13 677 for females)

DISCUSSION

The ncidence of all cancer in the sub-
urban ares near the plant (Area 1) was
significantls higher than that in the unex-
posed population (Area [V which had vir-
tually the same age-adjusted cancer inci-
dence as the state. Exposed Area [l. more
distant from the plant. had a correspon-
dingly smaller excess incidence of all can-
cer compared to Area [V. Area [11. most
distant from the plant. had an incidence of
all cancer shightly greater than expected

The data were corrected for age. sex.
race and ethmcity. Other pessible con-
founging factors include urban-suburban
ditfferences. income. education. air pollu-
1on. occupation. smekxing habits. and
diet. Data were not available by census
tract for smoking. dnnking and dietary
habits. but these were assumed to be
associated with income and education.
Area Il in¢cludes the Denver urban core
(Figure |). 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 . a suburban
population near the Rocky Flats plant de-
mographicaily similar to Area [V (Table
31 Area !I has an educational level slight-
Iy migher than Areas | and 1. and shightly
lower than Area IV. This area has the
mighest income level. and has a higher
cancer incidence than Area IV Diffening
levels of income and educaton do not
appear to be important as a cause for the
higher incidence of cancer in areas near
the plant.

Area I] has more air poilution than Area
I. but has lower cancer ncidence than
Area |. which 1s nearer to the Rocky Flats
plant. In considening occupation. the dis-
inbution of Rocky Flats Pu workers
approximates the distnbition of popuia-
tion between exposed and unexposed
populations (1), Old radium mill tailing
sites ure located 1in Area 1. under streets
and parking lots and in commercial and
industrial areas. and may cause an accu-
mulation of radon in rooms n 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 tor the
unexposed population and for the state.
This is partly due to the smoking habits of
men Puimonary rmntants (e cigarette
smoke! can result in a greater respiratory
deposition rate of small inhaled partcles.
such as Pu particies 1§7) Smoking habits
alone can not account for the profile of
clusses of cancer found In excess. except
for resprrators canger

Areu | had a population with o sounger
mean age than Areas Il und [ ithough
Aot quIte as soung as Area [V byt had a
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Table § Anglo cancer ncidence n the Denver metropolitan

(1969-1971). by areas of census tracts with and with

o soil by the Rocky Flats

Plant A comparison of the ratios of of ragd:

exposure 10 plutonium from the piant (b}

organs (al to other cancers by sex and by
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‘ argans cases
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| 78920 8. 196 240 ' 550 - 119%
| ] 103 300 184 728 49 ' 890 -146%
! W 129520 a8 a1 | an ' 566 129%
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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 |1 age groups (NCI) should
correct for these age differences. which
are minor between the principal compan-
son populations in Area | and Area IV
The higher age-adjusted cancer incidence
found in Area | was confirmed by age-
specific companson with Area [V

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. thyrowd. breast.
esophagus. stomach and colon. Cancer of
gonads (especially the tesus) liver. pan-
creas and brain aiso contnbuted 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 ments special attention. One possi-
ble explanation is the demonstrated pro-
pensity of plutomum to concentrate in
gonads (53-55). The higher incidence of
cancer of the ovary 1s also consistent with
this hypothesis

That the age-adjusted rates of all cancer
near the plant are higher 15 confirmed by
an inspection of age-specific cancer inci-
dence tor Areas | and IV (Table 51 This
was due 1n part to higher age specific inci-
dence of leukemia. hhmphoma and myelo-
Ma, and cancer of breast. colon. and can-
Cer. site UNKNOM N TOr certain age-speciic

groups. Cancer of the lung. stomach. liv-
er. gonads. thyroid and bramn also contn-
buted to the higher incidence of all cancer
near the plant. The general trend of all
cancer of radiosensitive organs was clear-
Iy upward near the piant. but in some clas-
ses of cancer the numbers of cancer cases
in each age category were oo smail in the
three-year period of the investigation to
be staustically sigmficant.

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 (o
other cancers. compared to that ratio for
the unexposed population n Area [V
(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. tomach and co-
lon. These cancers occurred in greater
proportion than expected in the exposed
population (12.2%% mgher in Area | for
both sexes: 17.6% higher for males. and
11 9% higher for females). This ratio de-
creased 1n Areas [1 and [1I for males. but
persisted for females. The exclusion of
lurg cancer (because smoking habits ure
an important factor in lung cancer) makes
little change (11 777 mgher for both sexes
in Area | 17 9% higher for males. snd
13 6% higher for females)

CONCLUSION

A conservative analvsis of cancer ingi-
dence in the Denver SMSA over a three
vear penod ( 1999=197 11 tound 4 higher in-
cidence ot all cancer in areas Jontam-
nated with Pu compured to the uncy
posed ares. The convistency of the in
orease inoancidence ot all cancer and o
certumn categories of vuncer With increas

Nl
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ing concentration of Pu in soil supports
the hypothesis that exposure of the gener-
al public 10 low concentrations of Pu in
the environment mayv have an etfect on
cancer incidence. The higher incidence of
cancer in the areas near the plant were
due 10 more cases than expected of leuke-
mia. lymphoma and myeloma and cancer
of the lung. thyrowd. breast. esophagus.
stomach and colon. a pattern similar
that observed in the survivors of Hiroshi
ma and Nagasaki. Cancer of gonads (espe-
cially the tesus) liver. pancreas and brain
contributed 10 the higher incidence of all
cancer near the plant. Further study s
warranted to pursue the investigation of
pooriy-understood. complex dose-effect
relationships between the concentrations
of many radionuchdes in cells and organs
and the incidence of cancer and other
somatic and genetic effects in general
populations residing near nuclear instalia-

uons
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Plutonium Hazard in Respirable Dust on the Surface of Soil

Abstract. Plutonium-239 in the fine particulate soil fraction of surface dust is sub-
Ject to suspension by air currents and is a potential hiealth hazard 10 humans who
may inhale it. This respirable particulate fraction is defined as particles < 5 micro-
meters. The respirable fraction of surtace dust was separated by wltrasonic dispersion
and a standard water-sedimentation procedure. Plutonium concentrations in this
fraction of off-site soils located dow iwind from the Rocky Fiats Nuclear \Yeapons
Plant (Jefferson County. Colorado) were as much as 380 times the background con-
centration. It is proposed that this method of evaluation defines more precisely the
potential health hazard from the respirable fraction of plutonium-contaminated

soils.

Methods of evaluating Pu inventones
in soils are important because of the pos-
siblity of soil contamination near Pu
processing plants and nuclear generating
stations and areas where Pu has been ac-
cidentally released—for example. at
Palomares. Spain. and Thule. Green-
land. where Pu was released in airplane

18| ——_Development
areas

(
\

accidents in January 1966 and January
1968, respectively. Evaluation of Pu (/)
in the soil is of special importance in con-
taminated areas that are now considered
for residential development. One such
area is in the vicinity of the Rocky Flats
Nuclear Weapons Plant (Jefferson Coun-
ty. Colorado), which is currently oper-
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Fig. | Rocky Flats Nuclear Weapons Plaat and proposed housing development area [sopleths

are labeled in disintegrations per minute per gram of whole soil, calculated from values in (2).

— ._/*]\\

ated by Rockwell Intermational for the
Energy Research and Development Ad-
ministration (ERDA). Activities at the
plant include processing radioactive
chemicals and making weapons from ru
divactive metals (2)

The Colorado State Heaith Depart
ment in 1973 proposed an intenm stan
dard for soil contaminated with Pu. et
ting the maximum allowable concentra-
tion at 2 disintegrations per minute per
gram (dpmvg) (J). Land with Pu concen-
trations in excess of the standard would
require ameliorative treatment before
residential development could be ap-
proved. However. the standard fails «
define ““soil.”" Either single or compositc
samples of the soil at a depth of 0 to 0 ©
¢m from numerous locations in a devel
opment area are required. Because such
samples include soil particles much toc
large to be resuspended or inhaled, the
possible risk to health cannot be proper-
ly evaluated ¢). Further. no provision is
made to prevent the treated soil from
being recontaminated by redeposition of
Pu from more highly contaminated soil-
upwind. This redeposition mechanism
potentially exists because winds in the
area exceed 30 km/hour for 500 to 600
hours yearly Wind speeds commonly
reach 130 km/hour or more. with wind-
blowing predominantly to the east and
southeast toward the Denver metropol:-
tap area (Figs. | and 2).

The plant is located about 16 km north-
west of Denver and about 8 km from the
cines of Boulder. Westminster. and Ar-
vada. Approximately 200,000 people live
within 16 km and 600.000 people within
32 km of the plant. Residential devel-
opment is now proposed within about §
km of the plant (Fig. 1), involving as
many as 3000 homes or a potential popu-
lation of about 10.000 persons (5).

Since the plant began operation in
1953 there have been 'wo major fires
(1957 and 1969). a large release of Pu to
off-site soils from a spill of metai-laden
cutting oil. and an accidental release of
Pu to the air in 1974 The major sources
of off-site contamination are considered
to be emissions from the 1957 fire and the
oil leakage from corroded barrels of con-
tammated cutting oil that were stored




outside beginning in 1958 2. 6). Al-
though leakage of the barrels was first de-
tected in 964, storage in this manner
continded unil 1968, The oil-spill area
has since been partially covered with as-
phait

A survey of Pu inventonies in off-site
soils was conducted by the Health and
Safety Laboratory of the Atomic Energy
Commussion in 1970 (2). The results are
used in Fig. 1. An off-site area of more
than S0 km* had concentrations of Pu in
excess of 10 mekm®. Soil samples were
collected to a depth of 20 cm. which was
considered sufficiently deep to account
for the total deposition of Pu. The Pu in-
ventory was based on the weight of the
whole soil sample. including plant parts
but excluding larger rocks.

Contaminated soils must be measured
sgainst a background of Pu released dur-
ng atmosphenc weapons testing. Of the
3% 1o 500 ke of Pu released worldwide,
about 10 to 15 ke is estimated to be pres-
ent in the <oils of the United States and
less than 10 percent is still suspended in
the atmosphere In Colorado the back-
ground level has been estimated to be
0.04 pciem® or 0.08 dpm per gram of
whole soil (7).

Sampling localities. each about 4 ha in
arca. were selected within proposed resi-
dential development areas downwind
from the plant (Fig. 1). Several sampling
sites were randomly selected within each
locality. In addition, one stream-sedi-
ment sample in section 18 and one
sample of eolian sediment in section 19
were collected. Within a 4-m* area at
cach site, when the ground surface was
dry. a representative quantity of loose,
surficial (about 0 to 0.5 cm deep) soil ma-
tenal was collected with a clean brush
ind a clean plastic container. This area
provided a sufficiently iarge composite
sample. All samples were compared
against a background level estimated
from a control sample collected about 23
km south-southeast of the Rocky Flats
plant

The sample; were analyzed in random
order so chat any systematic laboratory
srror would be converted to a random er-
ror. The objective in sample preparation
was to disperse the so! microaggregates
to expose the Pu as v -h as possible.
Each sample was sieved through a 2-mm
stainless steel screen, only the matenal
that passed through the screen was re-
tained for analysis. Approximately 50 g
f matenal in the size fraction = 2 mm
was place. on & steam bath and treated
with hydroeen peroxide to oxidize the or-
gunic matenal. particularly that present
45 grain Coatings Or cementing agents
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Fig. 2. Rose diagram showing average direc-
ton and velocity of wind at Rocky Flats for
1953 to 1970. Arrows point in the direction of
wind movement. velocity (miles per hour) is
g@ven at the end of each arrow; concentnc cir-
cles show frequency of wind direction (2).

Table | Analyses of Pu in respirable dust
isize fraction s 5 um in soil matenal = 2
mm) and in whole soil. In column 2 respirable
dust 1s shown as the percentage ! whole soil
(= 2 mm). Localities are shown in Fig. | Val-
ues are given as disintegrations per minute per
gram of matenal = S um: for Health Depan-
ment samples these are averages of two analy-
ses. Relative ennchment (RE) is the ratio of

measured value 10 background value.
Health Depart-
Sont smplo Contractor's
Local- Respi- Puinres- samples(/3)

iy rable pirable dust

dust
dpmig RE dpm/g RE

(%)
Section7

7-1 Jo.1 83 180 13.5 169
7-2 414 9 130
7-3 179 120 270 4.1 176
T4 188 170 380
Section 18
18-1 198 36 80 0.2 2.5
182 296 4 3 0.14 1.8
18-3 270 26 58 29 37
18-4 251 &« L] 014 1.8
Section 19
19-1 62.2 1.4° 31
19-2 463 .1 47 023 29
193 36.5 1.3 29
Section8
81 477 Lt 24 005 06
82 512 1.0t 2.2
8.3 42 38t 84
K4 315 2.8t 62
8.5 470 96 21 0.7m2 90
-6 488 81 18
8.7 376 11 24
B8 333 7.7 17
8-9 48 4 3 0.72 90
810 257 19 42
811 M5 94 pd
812 379 69 15
Background
Control 489 0.45 1 0.08 i
*Eohan sediment from ground surface tSample
from recently disturbed sonl

The samples were washed and filtered to
remove soluble salts and dispersed with
a 300-watt ultrasonic probe for 15 min-
utes (8).

Particies were separated according to
size by a standard water-sedimentation
technique (9). Sodium metaphosphate
was added when necessary to avoid floc-
culation. The suspension containing the
desired size fraction was collected and
freeze-dried (/0). The sedimentation
technique is an arbitrary measure of the
“effective’” diameter of particles with ir-
regular shape: that have settling rates
equivalent to those of spheres of the
same diameter and density. The thresh-
old parameters used were based on parti-
cles of plutonium oxide having an effec-
tive maximum diameter of S um and a
density of 11.46 g'cm’. The soil particles
separated include other mineral grains
that have an equivalent maximum set-
tling velocity, but that also have some
combination of smaller density and
larger diameter. The size fraction thus
defined is hereafter called the soil materi-
al = 5 um or "respirable dust™ because
we assume this size fraction to be an ade-
quate measure of the respirable matenal.

Plutonium concentrations are given in
Table 1. The results shown are the aver-
ages of the determinations for duplicate
split sampies by two laboratories (/). Av-
eraging the two determinations is justi-
fied because a r-test indicates no si~ j-
cant difference between determir ns
at P = 05. Analyiical procedures used
for Pu were those described by Talvitie
(1, 12).

Our estimate of background is 045
dpm per gram of soil material = 5 um.
Sam)les from areas immediately down-
wind from the plant show evidence of Pu
contamination considerably above back-
ground in the respirable dust. The sam-
pling area in section 7, which is about 2.4
km immediately downwind from the
plant area, has the largest amounts of Pu:
59 to 170 dpm/g. Sites 7-3 and 74 are on
the flat crest of a low ridge that trends
cast from the plant, and sites 7-1 and 7-2
are on the north-facing slope of the same
ridge but about 12 m lower in elevation.
Section 8. which is on the principal wind
vector but about S km downwind, has |
1o 19 dpm/g. Althoug!: .ample sites in
section 18 are nearly the same distance
from the plant as those in section 7, we
measured less Pu there. perhaps because
section |8 lies away from the pnncipal
win. vectoi . Section © which is farther
fror the plant and from the principal
wind vector, has tic lowest values. Eo-
lian sediment (sample 19-1) that was de-
rived from a freshly plowed field upwind



had only 1.4 dpmvg. The field is located
in a zone of expected contamination
about 3.3 km southeast of the plant area.
Plowing tends to distribute the Pu
throughout the plowed layer and reduce
its probability of entrainment for the
present. but it also creates a more ero-
sive surface until plant cover is reestab-
lished. Stream sediment coliccted in sec-
tion 18 contained 9.4 dpmvg. This sedi-
ment could be susceptible to wind
erosion during periods when the stream
was at low flow or dned up.

The distribution of Pu in respirable
dust may be compared with previous de-
terminations by other methods in the
same areas (/3). However, the different
denominators used to express concentra-
tions make it inappropnate to draw di-
rect compansons between Pu in respi-
rable dust and in whole soil. The present
maximum allowable level in Colorado. 2
dpm per gram of whole soil. represents
an enrichment of 25 times the back-
ground level for whole soil (0.08 dpnvg).
Corresponding ennchment factors based
on respirable dust are given in Table 1:
for example, sample 7-1 contains |80
times more Pu in the respirable dust frac-
tion than is contained in our background
sample.

The surficial soii matenals at different
locations contain different percentages
of material = S um (Table 1). The Pu
concentration per _ram represents a po-
tential dose rate. This concentration is to
be distinguished from a total inventory of
respirable Pu. The greatest long-term
hazard, expressed as the largest total in-
vemtory. occurs at sites where both the
concentration per gram and the per-
centage of matenial = S um are high.

Several sampling sites appear to have
been disturbed recently by land-devel-
opment activity. [n particular. sites 8-1
through 84 lie in a zone where elevated
levels of Pu could be expected. These
samples have Pu enrichment factors of
no more than about eight times back-
ground, compared with 15 to 40 times
background only 0.6 km closer to the
source (samples 8-5 through 8-12). Dis-
turbance of the ground surface may ac-
count for this diminished concentration,
or the iocal topography may have pro-
duced a fallout **shadow.”

Estimates of health hazards from Pu
have been made on the basis of air-moni-
toring data (/4). measurements of total
soil inventones of Pu (2, 6), and measure-
ments of Pu concentration on the surface
of the soil (/3). Air-monitening date re
of importance 1n esumating human e >0~
sure through inhalation. and have been
used with soill-contamination data to esti-

mate resuspension factors (/5). These
tactors are influenced by the moisture
content of soil. wind speed. elevation
above ground. type of ground cover. and
presence of paved surfaces. Mechanical
disturbances such as those produced by
plowing. vehicular traffic. construction
work, or street sweeping can resuspend
surface dust. However. air-monitonng
data and resuspension factors do not ac-
count for the total Pu hazard in residen-
tial areas (/6). Some examples of other
types of potential exposure t. Pu in the
respirable dust on the surface of the soil
are listed below.

1) Children playing on the ground or
adults working outdoors can pick up
mud and dirt on their shoes and clothing
and thus introduce dust into their homes.
Washing and drying of contaminated
clothes can release significant amounts
of dust through the exhaust of the dryer.
Such a mechanism of exposure has been
demonstrated by the finding of character-
istic neoplasms in the wives of asbestos
workers (/7. /8). Dust can also enter a
house through windows and ventilating
systems and be resuspended by house-
hold vacuuming and other cleaning oper-
ations (/9). Pets track in fine particu-
lates, which may eventually become air-
borne. These conditions can occur even
if a developed area has grass cover.

2) Children playing outdoors may eat
food with soiled hands and in other ways
ingest or inhale unusual amounts of dust.
Heavy-metal intake by this method was
found to be important in children with
lead poisoning who lived near a smelter
at El Paso, Texas (20).

3) Heavily used playgrounds tend to
be dusty. and strenuous playground ac-
tivity can result in suspension and in-
halation of dust by children.

4) Local resuspension of dust may oc-
cur in the preparation and maintenance
of domestic gardens. Plutonium that has
been plowed under before residential de-
velopment may again be exposed by dig-
ging for gardens.

The present regulatory code in Colora-
do requires that soils with radiation con-
tamination that surpass the interim stan-
dard of 2 dpm per gram of whole soil
must receive special treatment to reduce
the hazard to acceptau.~ levels (7). Mix-
ing the soil by plowing is presently ac-
cepted as one technique for treatment of
contaminated land. We believe that this
is an insufficient treatment because (1)
plowing tends to displace the Pu parti-
cles from the ground surface to some po-
sition at depth. but the Pu is sull in the
sotl: (1) o treated area can be recontaini-
nated either from untreaicd land upwind

.A-——.a'-d—

or from subsequent accidental releases
of radioactive matenal: and (i) subse-
quent disturbance of the soil by construc-
uon activity or cultivaton by home
gardeners may expose Pu particies at the
surface again.

Useful data for evaluating the heulth
hazards of Pu contaminaticn of soil may
be obtained by determining the amount
of Pu in the respirable-dust fraction (ma-
terial = § um) on the surface of the soil
It would be more realistic to base intenim
standards on the respirable-dust fraction
because the very small particles in this
fraction have the greatest poiential for
suspension and inhalation.

CARL J. JOHNSON
Jefferson Countv Health Department.
Lakewood, Colorado 80226
RonaLp R. TioBAL!
RoNALD C. SEVERSON
U.S. Geological Survey, Federal Center
Lakewood, Colorado 80225
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I c. RADIONUCLIDES AND TRACE METALS IN SURFACE AIR

by Herbert W. Feely, EML
Lawrence E. Toonkel, EML
Richard J. Larsen, EML
Since January 1963, the Environmental Measurements Laboratory

(EML) » formerly the Health and Safety Laboratory (HASL), has been
conducting the Surface Air Sampling P?oq;am. This study is a direct
outgrowth of a program initiated by the U. S. Naval Research Lab-
eoratory (NRL)'in 1957 and continued through 1962. The primary ob-
jective of this program is to study the spatial and temporal distri-
pution of specific natural and man-macde radioisotopes, and of trace
metals in the surface air. Other special studies 6! surface air

contamination have been performed during the course of the program.

sampling Sites and Collection

Many of the original NRL sites, which are grouped roughly along
the 80th Meridian (West) ., have been continued in the current program.
Since 1963 a number of other sites have been added to investigate the
possible effects of longitude, elevation, proximity to coastlines,
over-ocean effects and localized contamination. As specific studies
are completed, or as data appear to become redundant, stations are
terminated. It is expected, however, that the continuity of sampling
will be maintained at most of the sites. The present network extends

£rom about 71°North to 90°South. Table 3a lists the sampling stations




e - . - . . ——— - —

along with their coordinates and elevations, and indicates whether .

or not each is currently active in the program.

For the routine program, approximately 1400 cubic meters of
ambient air per day are drawn through a 20 centimeter diameter
Microsorban or glass fiber filter at each land station. At the
ocean stations, about 2200 cubic meters of air per day were filtered
by 20x20 cm Microsorban filters. Most filters are changed on the
1st, 8th, 15th and 22nd of the month, or more frequently if the
filter becomes clogged. At stations where filter loading is minimal
because of the low concentrations of particulates in the air, filters
are changed only once a month. Such monthly changes were begun in
September 1974 at Thule, Kap Tobin and Mauna Loa Observatory. The
filters are returned to EML at the end of each month. Currently
each filter is cut in half, and one half is included in a monthly
composite sample which may be sent to a contractor laboratory for
radiochemical analysis. A two-inch diameter circle is cut from the
second half of each filter and month.y composite samples prepared
from these circles are set aside, eventually to be analyzed for
trace metals using x-ray fluorescence. The remainder of the secund
half is incorporated into a monthly composite sample for gamma

counting and spectrometric analysis and subsequent retention for

possible future work.
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NOTES

The Fm‘tﬂlydﬁpﬂw&-‘hd Population Fxposure to Radiation
Cancer in Residents Near the Rocky Flats The Environmental Measurements Laboratory
Plant (FML. formerly HASL) of the Department of

Energy © sene '

ements involving siles as much as
(Received 12 Jamuary 1981: accepted 21 Apnil ’von QL plant (K70, Ki76A) The results of these
1981) studies yielded the isopleth maps (c s ol
%’,‘_’?M in soil) shown in Fig
e acmoﬁm were determined (o be
Introduction the ac source of contamination which began in
THE ROk 50 . PrLanTisa government-owned,  about 1967 Krey later utilized mass spectrometiic
contractor 4 Depariment of Energy faci- analyses 1o separate plutonium due to global fall-
ity. s prima., unction in support of the US.  owt from that originating from Rocky Flats and
Nuclear Weapons Program is the construction of reporied two further contours at 03 and
n

P comp from plutomum, uranium, 02mCikm *
stainless steel, beryllium and other materials. In maintained four ambient air u&r

the spring of 1969, a serious fire occurred at the m,a&mumu;.my . second  (fallowing  the
plant. Concern that the fire had resulted in the these silgs were maiptai 1979 and are "nzzl‘:: pﬁ;mk llt.“'
release of significant amounts of plutonium ! W L vy
prompled a series of ' ] . alats &ni pathway for ﬁﬂﬁ‘ M&e Boconcentration con-
ments. These data indicated measurable levels of b exp 10 phu Juoﬁam wun of Recly .F“T‘\:m .
1Py in the soil immediately east of the plant  Therefore, airborne jum must be estimated o—‘zmz W-'.‘. o mCijkm o ;:rmnd-‘r:
(Ma70). i there were substantial ’opuhtio: from 1967, the & e nitial cm:o.- o reflect 'l‘:d'mmw center
exposure lo onmm, the most likely health mental contamination Prior to won of air , , L :
eu':m would :.M bone and lung cancer mZm “sampling. aw concentration levels can be estimated Fig | 'H-T;-':;-:_nz from 310 ll:"-f‘.':" e;v-'-.l;‘s:ev;‘i;mom!m 9
Residents of Jeflerson County, cast of th= plant lro%ig#tgr%gmm%:k. AE ' Source y ardy, 233, Source: Krey, in
are concerned about potential health effects from  Hardy ef al deriv two iadepealnt meth, of Health vhysics
- releases of radioactive substances from the Rocks dating the sections in this sediment core using the 30:209 (1976)
Flats Plant. Historically, the area surcounding the deposition rate of "'Cs from giobal fallout and . .
plant has been sparsely settled. In 1940, only Py from the SNAP-’Q satellite (Ha78). Fron Table |. Measured ™ **Pu deposition rate o Standiey Lake and calculated ™ Py air
31,000 people lived in Jeflerson County. Within a  their date profik and their measurements of the concentration 4 EML site 4°
decade the population size has nearly doubled, and  “"**Pu in strata from the core, it is possible to —
by 1970. the county had approx. 235,000 residents.  estimate the air concentrations from 1967 1o 1974 .m..u ks -
This rapid growth has led 1o increasingly vocal (Tabie 1) . e ijom rgte ."”‘. ‘mu
demands for assessment of the potential health These data may then be used 1o estimate S ot nl g 1) (2000 w1 w? yr contour)** A
risks from ex to ph and other Nt ’13'—-3‘““4%*1%!.”'“ 1987 0 66 measured 0.27 calculated \
radwactive substances 7 CHat ooe dud bons suyieces S 9) SRR, 1968 4.9 measured 180 caleulated r
An evaluation of cancer incidence could be assume that persons living n mm e s - oot -
obtained  through an epidemiologic  study taminated soil inhale the calculated ¢ -~ 190 i T 1,42 cotculated -
However, before such an investigation is initiated, onium on a ¢ A s wn 2.90 weasured 1.21 cadeulated M
it 15 important 1o evaluate the feasibility of obtam- _ ing a S0-yr a-dose it is assumed i ik P -_._
ng an unambiguous answer of high siatistical cer- [ that the an concentrations as measured at site * weasured o A
“m“'",' N B2 My S v qaee> ::' mc'o: i.u”” g | : %%ﬂ.‘ :::: :::-._..m 0.47 calculated Wa
om radiation exposure. Feas y/" reduction for . ’ v —_—
::::.::r:?::cd by reviewing "l:c ude of may be scaled from sampling site m R : 978 0.09 ceasured |
tion exposure and estimating {a) how many other sites according to the ratio of the measur “Tes Pottors of OFF-Site ™
€30 idiation Induced sancens el s eﬂs : kmﬂ: ’ m:v::"h‘:'u:u Plant by Lake Sediment Analysis,*
io &’cﬁ‘fu&fmmfﬁ;ﬂﬁ? the ceils n the . USO0E Report (M- M2, | .
“Occurrence of these exira cancers could be surface cells are shown in Table 2. These assump K= aiiiss o SUodiaiet & SulSRINAeG e ssii
detected tions probably overestimate exposure by an order 1 1975 by the ratie of the depasition rates
68
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NOTES

Table 2

Absorbed alphs dose in

Location by trachevbrgechis
1))

ontour tree

’.".hm CLN )
om

o

b0

o 003
0 002
0 0008

0 0008

40 Yr a dose beginning 8 1967 to critical cells = the tracheobrenchial iree and
i >
bone surface from conlinuous mhalatwoa -

of the '™ “Pu concentrations

yoars

ells In

surfaces

Calls on m

00}

Ipha dose 1o shallow basel celly 27 um balow the sorface
heobroachial epithelium ot weibe! gemevation & (segmental
The whole lung (puisonery parenchyma ) slpha dose s

approximately
ole lung My been vhows ot
Induc thon

19 times the br sechis) #use calculated here
s be & critical alte for lung cancer

Howe ver

Absorbed slpha dose 1o osteoprogenitor cells 10 oo from trabeculer

pone surface

of magnitude. Ihn 5 wwg-talion 18 offsel some
what by potential a dose trom “Pu_and " Am
which are not X juded in the Calculations but
would increase the dose by aboul 10%

As evident in Table 2. even at the location of
highest _plylonum concentration in the sod
{2 alim '), estunates of the S0y doses
received by the basal cells n the tra heobrondhial
tree and cells on bone surfaces are only 03 and
1 8 mrad respectively

In addition 1o exposure from Rocky Flats, area
yesidents are also exposed o plutonium from glo
bal fallout. Krey estimated the mean plutonium
levels from fallowt 0 the Denver area o !wvl LE:
05 miikm 1 (Kr76B) Considering the vanation
fallowt plutonium levels, an equal of grealer
exposure from the Rocky Flats Plant would be
necessary before one could distinguish the cause
of any increased discase occurrence in the popu
A level of SmCikm ' may be a more
limit of the minimum exposue level
fer study. This define the area with
measurable exposure from Rocky Flats as within §
miles of the plant boundanes ’

Furthermore Colorado has one of the highest
levels of natural  bac kground radiation in the
United States due to the high altitude and geolo
gical composiion of s terram. Ovey 50 yr, the
segmental bronchi of the lung receive an a dose of
7ead (140 rem) from inhaled naturally

lathon
reasunable
would

about

“han one additiona

occurring radon daughters. The $O-yv background
dose 1o celis on bone surfaces would be about
3 rem (Na75). The corresponding absorbed o -dose
from the Rocky Flats Plant (0006 rem and
00V rem |¢\|-¢Unrly) is very low n COmPparnson
1o that of natural background over » 50.yr period

Feasibility Evaluation

The number of excess jung and bone cancers
can be estimated using BEIR models for cancet
mortality from high LET radiations (Be80) and
cancer incidence data from the National Cancer
fnstitute's Surveillance F pidemilogy and End
Results Reporting Program (AmB0). Using the
generous assumption that half of the 248 000
residents in Jeflerson Counly and s neighbot to
the east, Adams County reccived “he maximum
organ doses of plutomum described previously and
were followed from ages 1075 yr, 4400 lung
cancers and 70 bone cancers would be expecied 1o
occur spontancously n the exposed Ac cording o
BEIR absolute risk projection models, a dose of
0.3 mrad 10 the lunr over 50 yr would resull in less
n O ase of Tung cancer; similarly »
dose of 1| 8mead 10 the bone surface would result
in less than one additonal bone cancer case The
expected excess aumber of cancers using BEIR
celative risk models would be no different Jh

statistical power for detecty | _extra cancer
agams! 8 bac kground enther ﬁlil or 10 would be

NOTES

) chm than 6% (Ro79) Ggnerally, an epude
miologic study would not be indicaicd unless the
siatistical power was at least 75%

In conclusion, rmdruuulu'i studies of cancer
residents near Rocky Flats are nod warranted due
to the extremely low population exposure levels
The increment in population adiatwon exposure
from Rocky Flats far below that from natural
background and from global fallout in *hat area
Even il the BEIR risk estimales were too low by
an order of magnitude  the statistn al power of an
eprdemiol gy study of lung or bone cancer would
be insufficient

This work was performed w
™olo
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Introduction
THE POTENTIAL loxicologi hazard from particles
depositing within the alveolar region of the fung s
dependent to some exteni upon the pathways and
rates of clearance from this area Specific charac
teristics of the partk les themselves may be
determinants of the mec hanisms and efficacy with
which they are cleared For example paghly solu
ble particles may be rapidly removed. while rela
tively msoluble ones may be retained in the lung
for long permds of time. Unfortunately, the rela
tionship between clesrance and most particle
characteristics, ¢ § . S2¢ shape, density chemwcal
composition, is rot clear
Recently, Halpern ef al (Ha8 1) described a pilot
study of the longterm clearance of neutron
activated magnetite (Fe, 0, FeO) from the lungs of
donkeys as measured both with a new magneli
detection  and with an established radiologx
detection techmque As another asy ¢l of that
study. the donkeys were Si wltancously exposed
10 an aerosol consisting of V'S tagy

April

ystyrene
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Investigations of Health Effects in Populations Living
Near Nuclear Installations

Carl J. Johnson, M.D., M.P.H.*

Recent American Journal of Public Health reports address health risks from "low-dcse
ionizing radiation", and refer to the controversy about the relationship between popula-
tion exposures to radiation and subsequent health effects. (1,2) Similar reports were
prepared for the Nuclear Regulatory Commission (NRC) and the Government Accounting
Office. (3-5) Nine "candidate populations" for investigations of radiation effects are
listed (1) but the authors judge that "no single population can be recommended for study
on purely scientific grounds since the largest group offers only a small chance to obtain
a definitive result", but "if social pressures and regulatory agencies mandate that such
studies pe attempted we would recommend prospective cohort studies of occupational popu-
lations". Such recommendations may have the effect of doctrine when supported by several
federal agencies, and the field of radiation protection is too young to be burdened with
doctrine. Epidemiological investigations must continue to be initiated in popuiations
around nuclear plants, even if on an empirical basis.

One such "candidate population" lives in the Denver area and actually comprises the
Denver Standard Metropolitan Statistical Area. (6) Most of the people in this area live
downwind of the Rocky Flats nuclear weapons plant (RFP), which reprocesses plutonium and
uranium and manufactures weapons components. This "candidate population” is inaccurately
depicted and the exposures sustained are underestimated by at least five orders of mag-
nitude by Dreyer, et al, who calculate an alpha radiation dose of 0.3 millirem (mrem)
over 50 years to the trachiobronchial tree on which to base their feasibility estimates.
(1) They later explain the chain of assumptions behind this calculated population dose
in some detail (7), basing their estimates of population exposures downwind of RFP on an
average air concentration of 0.37 femtocuries per cubic meter (fC1/m ) of plutonium 239
measured in 1975 at the Department of Energy (DOE) Environmental Measurements Laboratory
(EML) sampling site #4, east of RFP. (8) The authors overlook a number of important ref-
erences which add information essential to such estimates. (9-29) The Energy Research
and Development Administration (now DOE) Environmental Impact Statement (EIS) states
(2-175) “as of 1975 the total site releases from RFP have been reduced nearly 1,000
times from 1965 levels". (9) Thus, the concentration of plutonium 239 in air at site #4

* Associate Clinical Professor of Social and Environmental Health, The University of
Colorado School of Medicine. Medical Care and Research Foundation, 1565 Clarkson St.,
Denver, CO 80215
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was about 1000 times higher in 1965 and would be a more realistic data base for esti-
mating exposures to people in the Denver area than would the air concentration of
plutonium in 1975 selected by Dreyer, et al.

An internal official report indicates that alpha radiation releases from the main
exhaust stack alone may have been five times greater than indicated in the EIS report,
suggesting that air concentrations may actually have been 5000, not 1000 times greater.
(6) EML site #4, selected by Dreyer, et al for their data base, is more distant from
the usual direction of the exhaust plume from the plant than site #1, which was monitored
for a longer period (1970-77) by EML and consistently had much higher concentrations of
plutonium in air, over six times higher than the average concentration at site #4 se-
lected by Dreyer, et al. Further, the air sampling filters are less efficient than any
of the four to five individual industrial filters through which plutonium has already
passed, and because of dust loading and other pioblems may actually understate plutonium
concentrations in the air by an order of magnitude. (6) The exhaust plumes routinely
emitted from the Rocky Flats plant in 1965 passing through the Denver area (the most
common direction for such plumes) may have contained concentrations of plutonium 300,000
times greater than the air concentrations selected by Dreyer, et al as a base for their
extrapolations of population radiation doses downwind. One investigation (1977) reported
concentrations of 50,000 fCi of plutonium per gram in air-borne soil. (10) With a con-
servative assumption for this dusty, windy area of 1 gram of soil/m3, this is about
135,000 times greater than the concentration used by Dreyer, et al for their population
dose estimate. (1,7) A three hour exposure to this concentration of plutonium 239 in
air would equal the 50 year exposure estimated by Dreyer, et al.

The accidental releases of plutonium are more important than the routine releases.
(6,11) Dreyer, et al refer to "plutonium-contaminated cutting oil that leaked from a
storage area within the plant" after 1968. (1) In a subsequent report, Dreyer, et al
state "Leaking cutting oil drums were determined to be the actual source of contamination,
which began in about 1967". (7) Actually, this source of contamination began in 1959 and
was a problem until 1968. (12) Much more serious was a fire and explosion in 1957 which
blew out all 620 industrial high-efficiency particulate air (hepa) filters in the main
exhaust system at RFP. (13-16) The filters had not been changed in the four years of
the plant's operation. The rate of accumulation of plutonium on the filters was de-
scribed in several RFP reports and a single filter could accumulate more plutonium than
the EIS acknowledges RFP releasing throughout a 24 year period of the plant's operation.
(15,16) Most of the plutonium on the filters was water-soluble plutonium nitrate (17),
which would not be represented by a core samgle of sludge on the bottom of a nearby lake,
upon which Dreyer, et al depend for air concentration estimates. (7) The plutonium
monitors in the main stack were reported to be not operating during the fire or for one
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week after, but for the eighth day following, recorded an average of 948,000 fCi/m3 (the
usual daily volume from the main stack is about 13,000,000 m°). (15)

A clandestine survey by RFP personnel after the explosion and fire found over 5400
fCi of "possible enriched uranium" per gram of surface soil in the schoolyard at the
Ralston Elementary School, 12 miles southwest of the plant, about 7300 fCi per gram of
surface soil in the schoolvard at the Semper Elementary School, 6 miles east, and about
8200 fCi per gram of surface soil of "possible plutonium” on private land (plutonium
concentrations were not reported for the schools). (18) This 1957 survey was unknown
outside the D.0.E., N.R.C. and the Office of Radiation Programs of the Environmental
Protection Agency until a report was published last August by the Royal Swedish Academy
of Sciences (6), and is not cited in the reports by Dreyer, et al. An additional 12-20
kg of plutonium in glove boxes were burned in the fire. An RFP report notes that burning
plutonium forms sub-micron sized particulates in air, that these particulates do not
settle out reacdily from industrial exhaust plumes, and do rot account for the pattern
of soil contamination around the plant. (19) The same comment would apply to the accu-
mulation of filtered uranium, plutonium and americium on the exhaust filter system which
blew out in the explosion, and to the routine releases of plutonium, uranium, americium
and other radionuclides in the plant exhaust. These actinides and other alpha radiation
emitters are subject to the alpha recoil phenomenon, described in 1977. (20) The highly
energetic projection of alpha particles from alpha emitters produces an energetic recoil
which drives off single atoms and groups of atoms from the surface, with the effect that
small particles of plutonium, uranium and other alpha emitters are continously sub-divid-
ing and self-scattering, can migrate through banks of hepa filters and do not settle out
to any great extent from industrial plumes, but can provide a risk of inhalation to per-
sons in the path of those plumes.

Dreyer, et al take inhalation as the only significant pathway for human exposure to
plutonium and state "therefore, air-borne plutonium must be estimated from 1967, the es-
timated time of the initial environmental contamination" (7), in contrast to their earlier
reference (1) to complications by "other sources of radiation including radium and uranium
in drinking water, radium waste deposits in Denver, global fallout, high levels of natural
background radiation and tailings from radium mills and uranium mines". These possible
sources of radia. n have been shown to be not significant, except for two census tracts
with about 7,000 people who have had drinking water contaminated with high levels of
uranium from a uranium mine for nearly 20 years. (6,21)

Dreyer, et al report "considering the variation in fallout plutonium levels, an
equal or greater exposure from RFP would be necessary pefore one could distinguish the
cause of any increased disease occurrence in the population”. (7) The EML report on
concentration of plutonium in air utilized by Dreyer, et al also gives data for New York
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City (NYC). The NYC data probably approximate levels for plutonium in world-wide fallout
from nucicar weapons testing, although there is more precipitation there than in more arid
parts of the U.S. such as Colorado. (8) The average concentration for the 8 year period
reported by EML for NYC (1970-1977) was 0.03 fCi/m3. The air concentration of plutonium
relied on by Dreyer, et al for their dose estimate is over 12 times higher than from
world-wide fallout and would appear to satisfy their criterion for exposure. The average
concentration for plutonium 239 at EML site #1 near the usual direction of RFP exhaust
plumes was 2.37 fCi/m° for the years reported (1971-1976), about 80 times the fallout
level.

Another key 1ink in the chain of assumptions required to develop risk estimates is
the radiotoxicity of plutonium, which has arousad controversy. Two leading experts in
the field independently suggested that permissible exposures to plutonium be reduced by
over 200 times. (22,23) Their viewpoint is supported by the results of a chromosome
study conducted of nuclear plant workers. (24) If permissible 1imits were to be so
reduced, 156 fCi would be the maximum permissible body burden for the public and the
maximum permissible lung burden would be only 70 fCi, (allowing a protective factor of
100 in relation to permissible limits for workers).

The clinical data at the bottom of the chain of assumptions on which dose estimates
are made must be carefully reassessed from time to time. Animal studies are important.

A study of radiotoxicity in which dogs were allowed to inhale one microcurie (1 uCi) of
plutonium 239 produced the following doses: 863 rem to lung, 43,700 rem to pulmonary
1ymph nodes, 3250 rem to bone, 1320 rem to liver, 170 rem to kidney and 46 rem to gonads.
(25) Similar doses were produced by the inhalation of one uCi of americium 241, plutonium
238 and 240. Assuming that a person absorbed the sub-micron plutonium in air inhaled at
the concentration on which Dreyer, et al base their estimate (0.37 fCi/m3). and assuming
an annual ventilation volume of 7,000 cubic meters for 50 years, a person would inhale
130 x 103 fCi or 130 picocuries of plutonium. Applying the organ doses from dog to man
(being conservative) from 1 uCi of plutonium 239 x 130/106, a person would receive about
112 mrem to lung, 5.7 rem to pulmonary lymph nodes, 422 mrem to bone, 172 mrem to liver
and 22mrem to kidney. However, the 0.37 fCi/m3 data base grossly understates actual
exposures.

Though Dreyer, et al focus on exposure to plutonium 239 in air as a basis for their
dose estimates, in fact uranium 234 alone accounts for a greater proportion of alpha
radiation released in the plant's exhaust. (9) Americium 241 and plutonium 238 from the
plant may be more important than plutonium 239. Plutonium 241 accounts for more than 8
times more radioactivity in the main exhaust plume than does plutonium 239. In addition,
a number of other radionuclides other than actinides are released routinely and
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accidentally. Higher relative activity may make certain radionuclides of greater im-
portance in air exposures than their concentration relative to plutonium in stack exhaust
might indicate. Thus, plutonium 238 released from the main stack in a ratio of 2/100 to
plutonium 239, 240 has been reported to account for 20 to 40% of plutonium in air-borne
soil. (?21)

A conventional approach to studies of health effects around a point source like a
smelter or nuclear plant is the selection of study populations within concentric circles
at arbitrary distance intervals from the plant site. A better approach selects one of
the toxic substances releasec by the plant and utilizes isopleths drawn cn the basis of
the measured sdoil concentration of that contaminant in order to select aggregates of
census tracts for study. (6) However, the concentration of the single contaminant
measured in soil cannot somehow be taken as a measure of actual inhalation exposures of
persons who at times are within the plant's exhaust plumes, and breathing contents of the
exhaust plumes. The Atomic Energy Commission measured soil inventories of plutonium to
a depth of 10 centimeters and published an isopleth figure indicating contamination of
the Denver area with plutonium extending across the city of Denver beyond its southeastern
limits. (26) Such core samples which include fine gravel do not get at levels of con-
tamination of plutonium in surface dust or windblown material on the surface of soil, as
described by reports in Science. (27,28) Studies of surface dust on private land found
concentrations of plutonium to be as much as 3,390 times higher than background levels
in an area where A.E.C. soil samples indicated plutonium 239 concentrations only about
30 times higher than fallout levels. (6)

Estimated exposures of Denver area residents to plutonium 239 from the plant were
compared by Dreyer, et al to alpha doses to segmental bronchi of the lung alleged to be
about 140 rem over 50 years from inhaled naturally-occurring radon daughters, and a
dose to cells on bone surfaces of about 3 rem. (7) However, EPA estimates those doses
to be only 300 mrem to the whole body for 50 years (6 mrem/year) and to endosteal cells,
1.2 rem for 50 years (24 mrem/year) for the average person in the U.S. (29) The ambient
levels of uranium 238 and its progeny in air are really not much higher in Colorado than
elsewhere, according to the EPA. For the year of July 1974-June 1975, the average con-
centration of uranium in air-borne particulates in the Denver area was 0.08 fCi/m (29)
The national FPA network summary for uranium was 0.05 fC1/m3. (29) Some of the uranium
may have come from world-wide nuclear weapons fallout and some from nuclear installations
such as RFP (as described by the RFP EIS). This view is supported by the measureable
levels of fissionable uranium 235 in air-borne particulates, which in Denver accounted
for €.005 fCi/m3. (29) These leveis of "naturally-occurring radionuclides" in air are
not important in comparison with the much more radiotoxic plutonium and americium, but

are part of the rationale for a local control population.
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Discucsion of feasibility and statistical power of proposed investigations of health
effects in populations around nuclear plants and other point sources rest on a chain of
assumptions, and the assumptions which provide the foundation for dose estimates are
absolutely critical in any evaluation of the feasibility of such studies. The weight
of evidence indicates expusures of the Denver area population to radionuclides from
RFP are more than five orders of magnitude greater than those assumed by Dreyer, et al.

I urge that an attitude of rigorous and critical scientific inquiry be applied to each
link of the chain of assumptions upon which risk estimates of radiation exposure are
developed, and upon which nuclear agencies place reliance in the promulgation of their
doctrine concerning radiation hazards.
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fung cancers observed among wamiem  Radiation  Council report (FRC67),
A maore recent review of these and  experimental work prior to the 1970s had not
shown that it was possible 1o produce pul
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way from controlled exposures to radon and
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CARCINOGENIC EFFECTS OF RADON
DAUGHTERS, URANIUM ORE DUST AND
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Abstract - The development of pulmonary leswns in beagle dogs as studied follow ng
Chronic whalation expesores 1o radon (at 108 © 2000, radon daughters (a1 605 -
H69 WL ranimm ore du.! (at 129+ 6 7 mp/m') and ciparetie smoke Chronk evposures
to mixtures of these apents caused significant hifespan shortening when compared with
controls: Survival imes of controls and smoke exposed dogs were equivalent during the 4
10 S yr mean survival ime of the dogs exposed 1o radon danghter and ore dust mivimes
fwith or without added cigaretie smoke)

Ammals with tumors of the respuatory tract gencrally had cumulative radon daughter
exposures exceeding 1V DWIE M. and thew survival ime was longer than the survival
time of nontumor bearing ammals Under the conduions of the cxpeament. ¢ xposie 1o
cipareite smoke was found 10 have a mitigating effect on radun daughter induced tumors
11 uncertain whether this would he a peneral finding apphicable 1o other levels of
exposure o tadon daughters, wanium ore dust and Ogarette smoke

Exposures 1o smoke from 10 cigacettes/d. 7 d/wk produced no sigrificant respuatory
tract desions However, eaposwre 10 20 cgaettes/d. 7diwk resulied in pulmonary
cmphysema fibvoss and chionic bronchitis and bron okt

Fmphy sema and fibrosis were much more prevalent and severe m the fogs exposed 1o
muntuies which included radon davghicrs and wamium ore dust These oogs also had
adenomatons lesions which progressed to squamous metaplasia of aleveolar epsthelum
eprdermod carcmoma and bronchioloalveolar carcinoma Pathologu  changes i the
anrways of these dogs were most prominest n the nasal mucosa, and inchuded 2 few
squamons Carcmomas in the nasal cavity

We conclude that the heagle dog is & useful animal for modehing pulmonary lesions
produced by wanum mine an contammants Tumors were produced at levels that did not
greatly exceed some exposwres reported for wanivm miners These tumors. found alter
Approxn. Mmoo of exposwe. might partially account for the absence of tumors in
experiments where exposmes termimated before S0 mo

INTRODUC TION

refated  cxpermmental studies  through 1970
appeared m the final report of subgioup | 1

o CARCINOGENIC FFFFCTS IN BEAGEE OGS

g concols (Growp 4), were i apparcntly
norm. " R alth following the deaths of Groups
Fand 2 ammals. The follow up on the Groups
Voand 4 dogs, mcluding subsequent pul
monary funchion tests, will be published
separately

We have no explanation for the very high
cumulative exposuies thal were necessary to
induce tumors in the dogs The exposures
were nearly two orders of magmitude greater
t'_um those reported 1o cause lupg cancer in
man (A7) A possible explanation is asso
Clated with exposure 1ate Although 120159
WI M may be suficient to cause hung cancer
n_man (Ar73b), the longer human hife span
alfords morg time o CACINOgEnESs to pro
ceed Higher exposure rates may be neces
sary in experimental animals in order to in
crease the probability of lung cancer over
thew shorter life span. As a result. much of
the radiation may be “wasted”, ie not util
wed i the formation of subsequent tumors
Nevertheless, this radiation s included in the
ammals’  cumulative exposure.  The i
portance of lifespan to carcinogenesis is
supporied by the data in Table 8 which n
dicate that the mean sourvival time for animals
with tumors s greater  than the mean
survival tune of non tumor bearing
amimals  Thas is 1o be expected. since tumors
are scored when they reach a size sufficient
for deiection and animals that live longer are
more apt to have tumors large enough to
detect. Not considered in the explanation
above, however, is the suspicion that other
factors have not been adequately taken into
account in the companison of ammals with
man Respiatory  tract  tumeors among
wanmm miners are hronchogenn
(speaifically, in the larger bronchi). but n
animal experiments they are broncholoal
veolar in origin and also ocour n the nasal
epithclinm  There is some evidence that the
wdividual radiation dose 10 the respective
tissues may be lower in amimals than m man
therehy  necessituting o higher  exposine
Ggnocing any differences in tissue sensitivg
tics) to produce tumors i animals (De78) tn
whiition,  the  dogs  were  somnltancoushy
cxposcd 1o high concentiations of wamum
ore dust tapprox. S 10 times the levels com

monly encountered by avncrs (Co?i) This
additional burden 1o stressed hangs resulied 1o
a lower efficiency for tiamor production by
producing fibro-is and death from prlmonay
msuliciency  (Ammals that survived were
sacoificed when they evidenced severe res
pratory distress ) This wlea receives support
from  theee  recemt pubhicatons  (Has ™
T8O, CrRO) In the thisd work (% rals
were exposed 1o varymg concemtrations of
ueanmm ore dust and fived comulative levels
of radon davghter exposme. o 1o Vi ying
rates of radon davghter exposure amd fived
weamum ore dust concentrations and Cunm
lative radon daughter exposmes  The preh
mimary  histopathologic  data  from  these
erperments suggest a trend toward increased
lung tumor risk as radon danghter exposure
fale and wranmm ore dust concentration
decreased  Finally, the actual exposme of
Uramum  miners may have been  under
estimated For these reasons a meaningful
comparison of buman and animal e xposures
required 1o produce tumors is not possible at
this time
A follow up study is now in progress Dugs
are bemg exposed (dh/day, Sdiwk) 1o car
notite ore dust (at 1S mg/m") 10 determine
the caurcimogenic potential of wraninm ore
dust alone. and to clarify the role of ore dust
n the production of the massive pulmonary
fibrosis observed in the dogs of Groups 1 and
2 (These lesions were not observed w the
studies by Morkin (Mo73), who did not utilize
wanmm ore dust as an associated carrier
acrosol for the radon daughters)
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A PLEA FOR CONSISTENT LUNG BURDEN CRITI RIA FOR
INSOLUBLE ALPHA EMITTING ISOTOPES®

DAVID S MYENRS
University of California, Lawrence Livermore Laboratory Fave vmmene, Califorma 915%

(Presented by Davn S Myras)

Abstract  Lhere appear (o bhe cortam inconsstencics in o3t ablishang appeopreate bane buadens

for certam usoluble alpha cmuting rotaopes

will be made for gwdance i establishing o

I he maximum permissible dose 10 the h
1S vew
wsoluble %Py

1 hese v onseste o w

stent bung |

However, the new hung model specifies that 15% ol the wehubile TP

ool b hese

wedd and 3 plea
weh

v detmed by exsting radiation standarnds o

cenena

year. The igure of 16 nCi s aquoted widcly the hterature a8 beme the hang tnaden foe

whah

n cleared from the pulmonary region of the tune with 3 500.dav hall e, o deposited in the

pulmonary lymph nodes. The new |

ny

Jtoniam deposited wmn the pulmonary lymph
U ¥

If one consders the pulmonary lymph nodes

mowible dose rate of 15 rem/yr,

whed funther specihes that 00 of

semebyibabe

odes remams there permanenth
s the crascal organ, with 3 mavimm per

suble TPy de posited i the pulmonary region

of the lungs during a single mhalation cvent » hach lead 1o 3 mavimum permssbile respiratony

Iy mph node burden n 1.1 n For chronic ihalation situations, the permisible acowmulated

tung burden afier 50 yr which will producs 3 mavi

burden is 0.07 oGy

at the crnical organ for exposure to insoluble

Thus. unless it 1 decided that the lymph nodes she

v g rmressbibe reypera I inph node

I

By, becanse of their apparent relative in

ot e consubored

sensitivity to radiation dose, perhaps the masunum o eminbile amount of wndubile *™Py

depasited n the lungs should be signibicantly reduced

INTRODUCTION
Tue saxisuy permissible annual dose to an

wdividual’s  nes as defined by existing radha

non » sards is 15 remfye '™ In the case of
lung doses resulting from slpha-emitiing iso
wpes, the assmmption s made that the alpha
envrgy s deposited untformly i the fung tisse
and that the mass of the lungs » ) g '®
1 he amount of alpha actiaiy in the lungs which

Ml e whuce a dose rate of 1 remjyr s on the

wier of 1020 0 depending upon the effective
encrgy of the dpha enntiing otope

For the purposes of ths discusaon and assoo
ated calounbations, insolubile Py with a maw
wm pernnssible lung burden of 16wt will
be wsed as representative of long h ed alpha
Fhe MPC for msolubile it K1)

10 M ke ™

NN 1sotopes

for radhiation thers s

Ihis value 1 based on the “"Onginal fung
Vel whach assnes that 12.5%, of the
nspared PP i retamed an the low e resprratary
wact and s cleared fiom that reguon with an

e hall-hfe of 170 davs

el

* Waork pecformed under the avspues of the us

Atoonie Encigy Commession

In 196 a revised lung mwwdel was prom
wleated by the TORTPs 7 Fask Goow
L [T khinon 10 m

detiming the deposion compartments i the

p on Lung

I ooy’

e clearly

svatemn,  the
eflest of particle size on
deposition, (2) the chenncal form of the mhaled
material, and 3

FeSpItaton revised |

L4
comadered (1) the

the specihic clearance path
wars from the vanons deposition compartments
Muble
wotopes that the revie d hung mendel supulates
that 15%, of the acnamn
It

arv Somph wodes aed that 'm

Teoas of speoial anterest an the case ol &

deposited an the

fmonary region 8 climmnated o the pulmon
Cof thes actvny
w retained i these hmph nodes peomanently
Pased on s resised lupng nedel, the dose
peoened In o

poabmonary fomph meddes s

psiderably gee ver than the dose recrned by
the pulmonany regemn ol the langs b enther

wote of Chrome inhalanon of meoluble *™

ACCUNMULATED ACHIVETY AND
INTREGRATED DOSE COMPARISONS

The two topes of anhalation cxposures con

adered are acute and o bor cauh ol

w6 A PLEA FOR CONSISTENI

these two exposure categories the following
mformation 13 computed

(1) Amount of activity remaining in the
tungs after 50 vr,
(2) Inegrated dose to the hungs at 50 yr,
1 Amount of activity in the pulmonary
Iy wph nodes afier 50 yr, and
1) Tntegrated dose 1o the pulmonary lymph
nodes alter 50 vr

liute imhalation

tor purposes ol this discussion, the acute

exposure will be defined as an inhalanon
mordent which deposits 26.7 nCi of wmsoluble
I'v oxide n the pulmonary region of the
lunes \ccording to the revised lung model,
i *, cor 16 aCi) of thes deposited actiaty w il
be retamned with a 300-dav half-hfe;, the re
maiming 107 nCi being cleared 10 the G
wact with a 24-he half-hife ¥

(hromic inhalation

In this discussion the chromc exposure will be
defined as the inhalation of | MPU of insoluble
Py for the entire working lifetime (50 vo) ol
an individual

The parameters for each of the exposure
categ
are shown in the Appendix and the results are
shown in Table |

ies and the corresponding computations

MAXIMUM PERMISSIBLE LUNG BURDEN

If the pulmonary by mph nodes ar - conmdered
as the comical organ with & mouwmum per
ible dose rate of 15 remjye, then the “max
m permissible lung bu den’” whe h would
deposit sufhicient activity into the pulmenany
lymph nodes 1o deliver 15 remfyr w
on whether the inhalatons wees of an acute or

dd depend
chrome nature

Table |

detoonty 2¢

Tahalation Amount in lungs  Accumulated dose to
maode at 50 1 (ny) lungs a0 e’

Acute® 0 29 o

Chronw * 's 66 e

LUNG BURDEN CRITERIA

Viavimum permessible lung burden™
¢ acwie 1mhalation

As decived in the Appendix, the dose rate 1o
the pulmonary lymph nodes is 6 9 x 10'Q,
(w4} remfyr for imsoluble Py Thus, for a
mauvmum perimissible lymph node burden

15 x 0 remjve
Q= 6.9 x 100 rn;u\v,‘l;! )
Q. 0.23 nCa

Substiroung the value of 023 0t for @,
#5 (Appendix), scrung o SO vy
the value of Qpo obamned s 170 n()

cquats

Since
60 %, of the deposited acuvity » vetamed vwath
a half hife of 300 days, then (60%,) (1 7 n€ ) o
102 o1 13 the “maximum permisible lung

burden'' which will produce 4 maximun

petmissible pulmonary lymph node burden of
W2l for the acute mhalation exposine
This is less than 8 of the currently accepied

maximum permissible lung burden of 16 nta

“ AMavemum permusible lung burden”
for chromu inhalation

I'he annual ntake of insoluble ™ Py required
1o produce a

ananm

1 permassible lvmph node
50 vr can be derermuned from
equation #l6 (Appendin) " Q, 023 ath
and ¢ = 50 yr, thea solving for 1 yields 0033
Then from cquaton HH
burden after 50 yr of inhalavon of 0 034 ntajye
vields a value for Qp of 0067 nCs 1 hus, the
“maximum  permasible
mhalavon  of

burden alwer

nlifve

the lung

lung  burden”™  lor

chrome oy which  would

produce a3 maximam permssible pulmonary
Iy mph node burden’™ of 023 a1 VO6T nta
This value is less than 0.5°, of the currenty

accepred maxy

rwm permissible lung barden
MPC, FOR CHRONIC INN ALATION
> EXPOSURE
I we assune as shown i the previous secthon
that the

aximum permssible lung burden’”

ateons and Jose compariven)

Amount m Ve e dene 0
prtmonary homph nodes  pubn b endes
at M vr gt st ) vr (remn)

o 13 w
51 « » L ] o




HISTOGRAMS OF TIE }AEVALENCE OF STRUCTURAL C!RCMOSOME ABERRATIONS
IN ROCKY FLATS CONTROLS AND PLUTOHIUM WORKERS
ARRANGED BY CHROMOSOME ABERPATI(N CATEGORIES

N = 274 MEN (PLUS 57 REPEATS)
NUMBER OF CELLS = 31,838

10.0__,
Contrcls, N = 33 (3385 cells
9.0 1 - 10%, N = 76 (B66L cells
2% - 506, N =39 (5123 cells :
; Structural
8.0 51 - 100’. H = 15 2110 cells Aberrations
v >100%, N =15 13126 cells
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BEFORE THE
UNITED STATES NUCLEAR REGULATORY COMMISSION
ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

UNITED STATES DEPARTMENT OF ENERGY
PROJECT MANAGEMENT CORPORATION
TENNESSEE VALLEY AUTHORITY

(CLINCH RIVER BREEDER REACTOR PLANT)

DOCKET NO. 50-537

Affidavit of Dr. Carl J. Johnson

)
City of Wheatridge, Colorado ; $S:

I, Dr. Carl J. Johnson, being duly sworn, depose and
say that the foregoing testimony is true and correct to the
best of my knowledge and belief.

() [ Mo,

Carl J. Johnson, M.D., M.P.H.
42 Hillside Drive
Wheatridge, CO 80215

Subscribed and sworn to
before me this 28th da
of October, 1982

“on expivas Aprit 18, 1384

My Commi

‘ ]
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ATOMIC SAFETY AND Lxcwsm BPARE 19

In the Matter of

UNITED STATES DEPARTMENT OF ENERGY
PROJECT MANAGEMENT CORPORATION
TENNESSEE VALLEY AUTHORITY

(Clinch River Breeder Reactor Plant)

oy NG & SERVICE

M grANCH

Docket No. 50-537

CERTIZICATE OF SERVICE

I hereby certify that copies of TESTIMONY OF DR. THOMAS B.

COCHRAN, PARTS III,

IV, AND V, and TESTIMONY OF CARL J. JOHNSON,

M.D., M.P.H., were served this lst day of November 1982 by hand

upon:

Scott W. Stucky, Chief

Docketing & Service Section

Office of the Secretary

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Raymond J. Brady, Director
Division of Security

Office of Administration

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Following classification review by the Division of Security,
copies of the TESTIMONY OF DR. THOMAS B. COCHRAN, PART V, will be
forwarded by the Division of Security to the following service

list.
AND 1V,

Copies of TESTIMONY OF DR. THOMAS B. COCHRAN, PARTS III
and TESTIMONY OF CARL J. JOHNSON, M.D., M.P.H., have been

served today by hand upon:

Marshall E. Miller, Esq.

Chairman

Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
4350 East West Highway, 4th floor
Bethesda, MD 20814

DN



Certificate of Service - 2

Gustave A. Linenberger

Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
4350 East West Highway, 4th floor
Bethesda, MD 20814

Daniel Swanson, Esq.

Stuart Treby, Esq.

Bradley W. Jones, Esq.

Office of Executive Legal Director
U.S. Nuclear Regulatory Commission
Maryland National Bank Building
7735 0Old Georgetown Road

Bethesda, MD 20814

Atomic Safety and Licensing Appeal Board
U.S. Nuclear Regulatory Commission

1717 H Street, NW, Room 1121

Washington, D.C. 20555

Atomic Safety & Licensing Board Panel
U.S. Nuclear Regulatory Commission
1717 H Street, NW, Room 1121
wWashington, D.C. 20555

Docketing & Service Section

Office of the Secretary

U.S. Nuclear Regulatory Commission
1717 H Street, NW, Room 1121
Washington, D.J. 20555 (3 copies)

R. Tenney Johnson, Esqg.

Leon Silverstrom, Esq.

Warren E. Bergholz, Jr., Esq.

Michael D. Oldak, Esq.

L. Dow Davis, Esq.

Office of General Counsel

U.S. Department of Energy

1000 Independence Ave., SW, Rm. 6A245
Washington, D.C. 20585

George L. Edgar, Esq.
Irvin N. Shapell, Esq.
Thomas A. Schmutz, Esqg.
Gregg A. Day, Esq.
Frank K. Peterson, Esqg.
Morgan, Lewis & Bockius

4320 RgBERTeh T 286367 100"
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and by first class mail upon:

Dr. Cadet H. Hand, Jr., Director
Bodega Marine Laboratory
University of California

P.0O. Box 247

Bodega Bay, CA 94923

Herbert S. Sanger, Jr., Esq.
Lewis E. Wallace, Esq.

James F. Burger, Esq.

W. Walker LaRoche, Esqg.
Edward J. Vigluicci, Esq.
Office of the General Counsel
Tennessee Valley Authority
400 Commerce Avenue
Knoxville, TN 37902

William M. Leech, Jr., Esq.,
Attorney General

William B. Hubbard, Esq.,
Chief Deputy Attorney General

Michael D. Pearigen, Esq.
State of Tennessee

Office of the Attorney General

450 James Robertson Parkway
Nashville, TN 37219

Lawson McGhee Public Library
500 West Church Street
Knoxville, TN 37219

William E. Lantrip, Esq.
City Attorney

Municipal Buiiding

P.O. Box 1

Oak Ridge, TN 37830

Oak Ridge Public Library

Civic Center
Oak Ridge, TN 37820

Joe H. Walker
401 Roane Street
Harriman, TN 37748

Commissioner James Cotham

Tennessee Department of Economic and
Community Development

Andrew Jackson Building, Suite 1007
Nashville, TN 32219 A
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