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I, Introduction

The transuranium elements include plutonium and the higher
atomic number elements, Many of the nuclides of these elements are
characterized by long radioactive half-lives ani hiqh radiotoxicity.
Unlike most chemical pollutants, (except perhaps for the heavy
metals and certain non-biodegradable toxic compounds) the
transuranium elements tend to build up in the environment by virtue
of their long persistences; Therefore, any release of these
radionuclides must be considered as an irreversible commitment to
the environment and entails a cumulative potential health hazard for
many future generations.

Plutonium is a metallic, radioactive element with atomic number
94, It'was the first ran-made element to be produced in relatively
large quantities, In the Periodic Chart, a general classification
of the elements by similarity of properties, the transuranium
elements are included in the actinide series, which starts with
actinium and extends through lawrencium (Fig. I-1l).

Elements 93 through 103 are synthetically produced by nuclear
reactions, usually starting with uranium. The addition of a neutron
to uranium-238 (mass number 238) forms uranium-239 which by
radioactive decay forms neptunium-239 (Np-239). It decays %o
plutonium-239 (Pu-239). Subsequent neutron captures followed by
radiocactive decay leads to the formation ot other elements. Figure
I-2 is a diagram of the production scheme for important transuranium
elements, starting with uranium-235 and 238.

The nuclear properties of the important transuranium elements
produced are listed in the following table., It is notable that
where short half-lives or beta (ff emissions occur the daughter
product is a long lived alpha emitting radionuclide.

Essentially all transuranium algha emittiny radionucliles are
considered to be extremely radiotoxic 1f inhaled or ingestad,
Plutonium has been studied more carefully than the other
transuranium elements because it is being handled in larqe
quantities in the manufacture of nuclear weapons. However, other
transuranium elements such as neptunium, americium, and curium will
also be present in appreciable gquantities in spent reactor fuel.

Present plutonium levels in the environment have come praimarily
from two sources - worldwide fallout from atmospheric tes*+s of
nuclear weapons, and releases from various facilities and sites
where plutonium is, or has been, used., Fallout over the area of tne
United States represents a large total existing inventory ot the
order of 10-15,000 curies, and is relatively uniformly distributed
with current deposition levels ranging from l-4 millicuries oer
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Table I-1

Particle
Emitted

*Radionuclide on Decay Half-life Daughter
Np-236 B 22 b hr Pu-2306
Np~237 o 2.,14x107 v Pa-233
Np-238 B 2,1 d Pu-238
Np-239 8 2,35 d Pu~239
Pu-236 a 2.85 y U-232
Pu-238 o 87.4 4 Y U-234
Pu-239 a 2.44x19 y U-235
Pu-240 o 6.6x107 vy U-236
Pu~-241 B 14.3 5 Y An-241
Pu-242 o 3.87x10" y U-238
Pu-243 B .98 hr Anc-243
Am-241 a 433 3y Np~237
Am-243 a 7.37x107 y Np~-239
Am=-244 B 26 m Cin-244
Cm—242 a 163 d Pu~238
Cm~244 a 18.1 y Pu~240
kNp-neptunium Pu~plutonium Am—americium

Cu-curium U~uranium Pa-protactiniun



square kilometer., Releases from weapons-related facilities and
production sites represent a local addition to the general
background level.

Indeterminate but large quantities of these elements have heen
produced for the nuclear weapons program and additional very large
quantities {of the order of many millions of curies) will he
produced by the nuclear power program. Releases from these
activities (even at the most pessimistic levels) will not egual or
exceed for several decades the quantities already in the environment
from fallout, but rather could present substantial localized
problems of levels tens or hundreds of times the existing backqgrouni
levels.

In addition, space nuclear power devices may contain from ten
to over a hundred kilocuries of plutonium, and a total ot more than
a half million curies has been used in space missions. Commercial
applications, such as the nuclear powered heart pacemaker, generally
utilize relatively small quantities, but are rapidly proliferatinfy.
Because of the potential for long-term environmental contamination
from all these sources and others, i1t would seem appropriate to
analyze the problem from an overview perspective at this time., It
must be recognized that control measures must be instituted at a
time sufficiently far in advance of when the cumulative effect of
all potential releases of these radionuclides to the general
environment could hecome a significant public h=alth problen,

The principal problem associated with standard setting
activities for plutonium would appear to be that of achieving a
proper persnective for all the material already committed 0 the
environment and that which is likely to follow. As noted above,
most of the current worldwide inventory of plutonium in £ne
environment is due to atmospheric weapons tests. This 1s r=asonably
uniformly distributed, predominantly in the Northern lienispnere, ani
less than 10% remains suspended in the atmospnere. Additional
current releases, resulting from weavons fapbrication overations,
testing of various Jdevic=2s, and other operations contraibute
primarily excess local concentrations. Future additions, 1f
confined to a very small fraction of the total inventory, woulj
essentially continue this situation,

The statutory authority of the EPA for the development of
radiation protection standards is derived from the authorities
tranferred on its inception. Reorganization Plan No, 3 of 1970
tranferred the functions of the Atomic Energy Commission to the
Environmental Protection Agency ". . . to the extent that such
functions of the Commission consist of establishing generally
applicable environmental standards for the vrotection of the general
environment from radioactive material. As used herein, standards
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mean limits on radiation exposures or levels, or concentrations or
quantities of radioactive material, in the general environment
outside the boundaries of locations under the control of persons
possessing or using radioactive material." As a result of this
transfer, Section 161 (b) of the Atomic Energy Act proviiles tnat the
Administrator may, within the above framework, "establish by ruls,
requlation, or order, such standards to govern the use of special
nuclear material, source material, and by-product material as (he)
may deem necessary or desirable to . . . protect health or to
minimize changes of life or property."

Section 274 (h) provides that "The (Federal Radiation) Council
shall advise the President with respect to radiation matters,
directly or indirectly affecting health, including quidance for all
Federal agencies in the formulation of radiation standards and in
the establishment and execution of programs of cooperation with
States."



IT. Hazard Assessment

The physiological effects of alpha radiation are of short range
and essentially limited to only the immediate vicinity of thne
radioactive emitter. Therefore, radioisotopes which emit praimarily
alpha radiation represent a hazard to health only 1f they are
brought into intimate and prolonged contact with human tissue.
Plutonium may enter the body by inhalation, 1ngestion, or through
open wounds. Retention and/or transmigration tend to concentrate
sites of potential damage to the lung and associated lymph nodes,
the skeleton, liver, and soft tissue, as well as to the tissue at
the site of accidental entry.

Evidence to date suggests that the onset of evident radiation
induced damage directly attributable tc exposure to plutonium
apparently has a very long induction period. Animals exposed to
plutonium aerosols or injected with soluble plutonium compounds nav=
developed carcinomas at times ranging from months to years and
approximately related to the total absorbed dose. No human
fatalities due to plutonium exposure have yet keen reported,
although records of exposure date back to 1946. A comprehensive
survey of such occupationally exposed individuals is bheing
maintained by the National Transplutonium Registry, with continuing
medical surveillance and autopsy after death.

For purposes of standard setting, where a large population-at-
risk is involved, the numerical estimates of adverse nealth efrects
due to exposure can be dnoveloped on a statis%ical basis. The heal+n
hazard from a radiation dose has generally been asseised by using a
linear, non-threshold theory to relate accumulated dose to =ffecr,
where the known values at high exposure levels are extrapolated
linearly to zero. While there is no scientific informarion to
definitely confirm this hypothesis, in light of current
uncertainties this should be considared as a prudent and wvrobably
conservative assumption., Thus, 1t 1s assumed that every dose
received, no matter how small, carries with 1t some risx of an
adverse health effect.

A substantial body of information already exists on the long-
term effects of exposure to various types of radiation.
Considerable additional work 1s in progress on the specific
bioceffects associated with continued exposure to the transuranium
elements, Because of limited number of human exposures and apvarent
long induction time, definitive answers to all aspects ot plutonium
carcinogenic effects will not be available for a number or years.
In the meantime, standards and quidelines will have to ke based on
the best available current information and revised as appropriate,



In order to determine the impact af releases of the
transuranium elements, numerical estimates of potential health
effects must be correlated with environmental concentrations or the
elements. This involves the conversion of these concentrations to
organ burdens, organ burdens to doses and doses to health effects.
The models given for determining organ burdens are general in nature
but specific comments refer to plutonium since 1t is the element for
which the most information is available. Dose conversion factors
are given for several elements. Health effects estimates are basea
on exposure to alpha radiation and are not necessarily applicable to
all situations. Each model carries with it a set of assumptions
which introduce uncertainties in its aoplications. As more
information becomes available these models will undoubtedly be
refined and more closely represent the actual situation and permit
more adécurate prediction,

The respiratory tract is the most common mode of entry into the
body. The particles inhaled may be either soluble or insoluhle in
body fluids. Soluble compounds tend to move to other areas of the
body and can concentrate in the liver or bone. 1Insoluble compounds
tend to remain in the respiratory tract for long periois of taime,
For modeling purposes 1000 days is used tor the clearance half-time
from the lung.

The estimates of risk for inhaled radiocactive particles are
based on animal experiments and on human data from two sources, The
first is from total organ or whole body exwosurs to x-rays or gamma
rays, where every cell in the lung receives approximatesly an
identical radiation exposure. This includes data on Japanese
survivors from Hiroshima and Nagasaki, and on patients who have heen
exposed to extensive diagnostic or therapeutic x-irradiation or the
chest' and lungs., The second source of data is derived from person<
exposed to the special conditions found in some mines. These
persons inhaled not only radicactive particles hut also rock Adust,
radon and daughter radioisotopes, diesel engine exhaust and other
materials. The radon daughter isctopes are thouaght to be tne causss
of lung cancer in this cas=, and1 the radiation exposure of cells 1in
various regions of tha lung is different., Data 1s available tor
uranium miners, flurospar miners and others. From these data an
estimate of the risk of lung cancer per rem ot radiation has been
derived.

In the case of plutonium-239, in solid tissue the dose rate at
4oum from the surface of a particle is about 1.5 to 2.0% of tne
dose rate of the source point and by 45Mm distance the dose rate 1s
virtually zero, 1In the lung, which is about 80% air, the
corresponding distances are about 320 Mm and 480 Ay m respectively.
Devending on the numher of particles inhaled, the fraction of the



lung actually irradiated may differ but usually only a small portion
of the lung will be exposed to the radiation.

The use of animal data which may provide-additional support to
hypothesis concerning the relative efficacy of particulate vs
uniform exposure is conflicting and has many limitations. Studies
involving inhalation of radioactive materials have shown increases
in lung cancers in experimental animals. However, these increases
have not been in the type of cancer expected in humans exposed to a
potent carcinogen. Observed species differences have further
complicated interpretation, These experiments have involved
plutonium as well as other elements,

Plutonium microspheres have also been injected into hansters
and single highly radioactive spheres have been implanted in other
animals, The animals have shown little response in either case.

Experiments using uniform alpha radiation of pure radon have
not been any more conclusive, From results of several studies 1t 1s
suggested that "uniform" alpha irradiation of lung tissue may not be
effective for inducing lung neoplasia.

The anatomy, respiratory physiology, histology, and patholoqy
is different to a greater or lesser extent in each species of animal
studied, Because of these differences and the fact that lung tumors
developing in animals exposed to radiation are not the same as those
seen in man, it is difficult to assess the consequences of 1nhaled
radioactive particles in man. There 1s no data on numan exrosure
from which a correlation with animal inhalation experiments can bhe
made, Until an adequate animal model 1s develop=ad thers will be
great uncertainty and disagreement about the relationship of animal
experiments to possible human exposure and risk.

Considerable uncertainty persists in the evaluation of the
biological hazard of inhaled radioactive particles. Altloujn 1t 1is
possible to mare estimates for disposition of inhaled varticles in
the lung, and estimates of tne risk of adverse effects following
exposure of the lung to ionizina radiation, 1t has proven ditficult
to obtain agreement on the risk associated with tne inhalation of
radioactive particles,

The derivation of risk estimates has been discussed above. The
question of how to apply these risk estimates 15 the area ot most
disagreement. Traditionally, dose estimates for internal emitters
(radioisotopes contained within the body) have bheen based on tne
average organ dose, 1.e., the total amount of radiation energy
deposited in an organ divided by the mass of that organ. While thas
is a reasonable method for estimating the risk from x- or qgamma
radiation where all parts of the organ receive the same amount of



enerqy, it has been questioned whether it is adequate for estimating
the risk from the short range alpha or low enerqgy beta radiation in
cases where the radioactive material 1s not uniformly distributed.

The basic question posed by these considerations 1s saimply
whether exposure of a few cells 1n an organ to high levels of
radiation constitutes a greater, simirlar, or lesser risk than
exposure of many or all cells in that organ to a lower level of
radiation., This is often designated as the "Hot Particle Problem."



IITI. Technology Assessment

Commercial Nuclear Power

Immediate future uses of plutonium and other transuranium
elements in the power industry rely on the recovery ot plutonium
from uranium fueled light water reactors (LWR). As the numher of
commercial light water reactors increase, the plutonium produced
will require storage or -use (recycle) in the light water reactors.
The proposed Liquid Metal Fast Breeder Reactor (LMFBR) requires
plutonium as fuel; substantial quantities of plutonium will be
discharged from light water reactors before the fast breeder
reactors are commercially available. The estimates of plutonium
production used here are those reported by the USAEC. Figqure III-1
is a plot of the estimated cumulative inventory of plutonium
recovered from domestic nuclear power fuels without commercial
plutonium recycle in light water reactor fuels. Long tzrm
projections of plutonium recovery and use including the future LMPER
is not included in the above figure. A projection which includes
plutonium recovered trom both LWRs and LMFBRs is shown in Figure
III-2. In addition, the quantities of plutonium available for
recycle are included in the projections. From these tigures the
projected quantitites of plutonium that have been handled would be
200 metric tons by 1985 and 4000 metric tons by 2000, I% was
announced in 1972 that the first commercial recycle of plutonium in
light water reactors was anticipated in 1974, when Big Rock Point
was expected to load plutonium fuel in one third of 1its core.

The major facilities involved in plutonium handling are tho
fuel reprocessing plants, the fuel fabrication plants and th~
reactors, Materials movement between these facilities i1nvolves
transportation and solid waste generation.

A. Power Reactors
1. LWRs

Operations at a typical 64C MWe boiling water reactor
(BWR) indicate that essentially all plutonium and other transuranics
which escape into the primary coolant collect in the solid waste
system,

Liquid waste treatment systems are very effective at
removing the transuranics. Some of them will, of course, find their
way past waste treatment systems and get to the enviroament. The
amounts, however, are evidently extremely small as compared to
transuranium elements released from fuel reprocessing and ruel
fabrication. An exception is Np-239, produced by n, yamnma reactions
on U-238, which has been reported 1n several BWR operating rsports,
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Amounts to date have been small and generally less than 4x10-*% of
current AEC limits.,

2. LMFERs

Average plutoniurm inventories in a LMFBR will be less than
an order of magnitude greater than those of a uranium-fueledi LWR of
the same size, Consequently, the quantity of transuranics, which
are produced in the core by neutron activation reactions ani
ultimately discharged from the facility in the spent fuel, 1s 1ilso
less than an order of magnitude greater. A LMFBR has only about a
factor of two more plutonium and transuranics than a LWR fueled with
recycled plutonium.

There will normally be no transuranics reaching the
environment from an LMFBR, since the LMFBR is desiqned for much
lower leakage of coolant than LWRs during normal operations. Also,
sodium coolant systems have inherent and engineered removal
mechanisms which effectively remove many impurities such as the
transuranic elements, so that the amount of transuranics getting
outside the system even in event of coolant leakaqe would be greatly
reduced,

B. Fuel Reprocessing
1. Industry Description

The economics of the nuclear fuel cycle rejuire the
recovery of uranium and plutonium isotopes from spant reactor tu-l
for re-use 1n new fuel elements., Tnis separation of the uraniam ant
nlutonium from irradidted fuel is carried out at fuel reprocessing
plants.

Table III-1 presents the estimated concentrations of
transuranic i1sotopes present 1n spent fuel. Estimates are shown tor
both uranium oxide and mix2d uranium-plutonrum oxide fu=l.
Calculations of the dannual i1nventory of transuranics 1a repros-ssed
fuel for time periods up to the year 2000 are presesntei 1n Taiole
III-2. These data were calculated using the concentrations in Tabkle
1I1-1 and the projections of amounts and types of fuel to bhe
reprocessed. It was assumed that the average concentrations of
transuranics in LMFBR fuel will be similar to the concentrations in
plutonium recycle fuel. These data do not include fuel trom hiqn
temperature gas cooled reactors HTGRs which for the Th-U fuel cycle
will not add significantly to the transuranic inventory.

Figure III-3 presents estimates of the annual Adischarges
of transuranics from fuel reprocessing plants up to the year 2020,
Three curves are shown (l) the activity of all transuranic 1sotopes,



Table III-~-1

Estimatced Concentrations of Transu.danics in
Reprocessed Fuel (a,b)

Radionuclide Half-~Life Uranium Fuel Plutonfun R-cyele Fuel

(gears) Ci/MT ci/nmr
Pu-238 86 4 0ca 6,0n0
Pu-239 24,400 50G 750
Pu~240 6,580 650 1,000
Pu-241 13 150,0C0 300,000
Pu=-242 379,000 2 S
An=241 458 750 2,00¢C
An-243 7,000 20 200
Cm~242 0.45 35,000 259,000
Cu~244 17.6 2,600 25.00U

(a) Burnup - 33,000 MVD/iTU

(b) Cooling Tiue - 1590 days



Year

1975
1980
1965
1920
1995

2000

{b)
{c)

Table III-2

Estimated Annual Inventorices of Triuruianics
in Reprocessecd ruelf{a,b}

Fuel ()
Metrie Tows

300

(“)Evrnup - 33,000 MwD/ICTU
Cocling timz - 150 dzys
Does not ineclude KRGTR Fuel Reproceroins - Th-U Foel Crele wvill

Transvianics
Curies

5.8x107
6.6x108
2.0.:10°
3.2x10%
s e .9
&7 LO

9.7:1¢?

not contribute additionrl ciwnificrut quantii'sr of tra surondc..
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(2) the activity of all alpha emitting transuranic isotopes, and (3)
the activity of all alpha emitting transuranic isotopes, Figure
ITI-4 presents similar curves for the cumulative environmental
inventory of transuranics from fuel reprocessing operations.

Plutonium- 241, a beta emitting isotope, makes up about 8(%»
of the transuranic activity in the environment resulting from
discharges from fuel reprocessing plants., The remainaing 20% of the
activity is comprised of ‘alpha emitting isotopes. Altnough
plutonium-241 is a beta emitter, it decays to americium-241 an alpha
emitter and the resulting Am-241 will eventually represent a
significant portion of the total transuranic alpha activity in the
environment., Since the values for alpha emitting transuranics 1in
Fiqure ITI-3 include the ingrowth of Am-241 from Pu-241, these
values’are prokably the most significant in evaluating the
environmental impact of discharges of transuranics.

There are no commercial fuel reprocessing olants currently
operating in the United States. One plant, Nuclear Fuel Services,
Inc, operated for a 6 year period hetween 1966 and 1972 but 13 now
shut down for plant expansion., TwO other plants are presently in
pre-operational stages. One is General Electrict!s Midwest 1 ton/day
Fuel Recovery Plant (MFRP) which has postponed operations
indefinitely and the other is Allied-Gulf's 5 ton/day Barnwell
Nuclear Fuel Plant (BNFP) which will not he operational until 1976-
1977. Future fuel reprocessing requirements in.dicate that about 1%
plants processing about 26,000 MT/yr (metric ton per year) of fuel
w1ill he necessary by the year 2C0C and tha% by the y=ar 2022 anout
50 plants processing 80,000 MT/yr of fuel will be reguiredi,

Figure III-5 presents estimates of the cumulative environmental
inventory of transuranics which will resul* from the Jdischarges ot
liquid waste from the Nuclear Fuel Services, Inc., plant 1f pres=nt
waste treatment practices are continued when the plant resumes
operation, These estimates are hased cn a relecase frac+ion of
5x10-8,

2. Bffluent _Control

Almost all of th= plutonium and other transuranics
released to the environment from the operation of nuclear truel
reprocessing glants will result from the discharge o©f wparticulates
which have passed through tne oftf-gas treatment and filter systems,
Only one of the three fuel reprocessing plants now under
construction, NFS, will discharge radicactive liquid waste, It 13
not expected that any future commercial fuel reprocessing plant will
discharge radioactive liquid waste.
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The principal method for the control of plutonium and
other transuranics at fuel processing plants 1s the installation of
high efficiency particulate filters in the off-gas discharge lines,
Usually two or more filters are used in series., It is estimated
that the release fraction for particulate transuranics at fuel
reprocessing plants will be less than 109, and 1t 1s expected that
future plants may attain even better particulate control than
reflected by this estimate,

Recycling of condensates from low-level waste
concentrators eliminates the discharge of radioactive ligquii waste
from MFRP and BNFP. The only process water discharged from these
plants is that which is evaporated into the off gas system to
dispose of tritium,

At NFS, the condensates from the low-level waste evarorators
are discharged to the environment after passing through a series of
holding ponds and a waste treatment facility. The release fraction
for transuranics via the liquid waste is estimated to be 5xi0-8 at
NSF.

C. Fuel Fabrication

The estimated number of plutonium recycle fabrication
plants of 150 metric ton (MT) capacity needed 1n 1980 1s hetween U4
and 6 plants, After 1980, the amount of recovered plutonium woulAd
increase an added 3000 to 5000 kg per year. The 1ncr=aasina recovery
would be sufficient to refuel about five additional light watar
reactors ver year which would reguire one additional 15" metric tor
(MT) capacity fuel fabhrication plant per year. The gqrowtn 1n tne
number of plutonium recycle fuel fabraication plants would .decreasc
or stop at the point in time when the plutonium discharced troan
light water reactors 1s required for the initial cores of tne rirst
commercial Fast Breeder Reactors. With introduction ot tne LMIF3R 11
1986 or later the fuel ftabrication capacity reguir23d will hegin to
level off and declin=., However, plutonium recycle £uel fabrication
plants could change to fabrication of LMFBR fuels. Assuning the
major uses of plutonium will be by light water reactors urtil 1485,
the possible numher of plants of 150 MT capacity could he 9 to 11
plants. For fabrication of LMFBR fuels the throughput of a mixe:d
oxide plant designed for LWR fuels would be reduced py abhout a
factor of 4 to 6 because of higher plutonium content. 1In an LHMFRR
economy the number and size of the fabrication plants 1s likely to
increase beyond that expected for fabrication of recycle fuels ot
LWRs.,



Aerospace_Applications

Plutonium-238 oxide is used as a fuel in Radioisotope
Thermoelectrin Generators (RTG). Interaction of the radioactive
decay particles within the fuel matrix produce heat which 1is
converted to electricity., Plutonium fueled RTG!'s have been used hy
the National Aeronautics and Space Administration (NASA) and
Department of Defense (DoD) to provide electrical power anoard
satellites and on the surface of the moon. The plutonium-238
isotope for these devices 1s produced at the AEC Savannah River
Plant 1n South Carolina, The 1sotopes are shipped to other AETC
laboratories such as Mound Laboratory, Ohio or Los Alamos, New
Mexico for processing into a stable fuel form and encapsulation into
heat sources. After 1976, the processing into a stable fuel form 1s
expected to be carried out at the Savannah River Plant,

Plutonium fueled RTGt's have been used i1n space axploration in
the past and present rlans involve use in future space probes and
satellites. Successful space missions using RTG's do not result in
release of plutonium to the environment. However, launch abhorts,
failure to attain orbit or decay of orbit with reentry are potential
events which may result in release of plutonium to tne environment,
In 1964, a transit satellite failed to attain orbit., Burn-up on
reentry released 17,000 Ci of plutonium-238 to the atmosphere.

A launch accident resulted in two 17,000 Ci1 RTGs heing Aropp=i
into the ocean off the coast of California. These were recoverad,
The failure of the Apollo 13 mission resul+ed 1n the reentry of the
L% and impact in tne ocean of the experimental apparatus.
Contained in the LEM was SNAP-27 generator containing 45,000 Ci ot
plutonium which is still in the ocean., Some future mi3sions could
result in earth orbit of a substantially greater quantity ot
plutonium than 1n previous missions. A major guestion anout farth
orbiting plutonium 1S the acceptability of the reentry ot
radioisotope powered satellites on a random hasis,

Present containment idesign should prevent Jissemination of tne
radionuclide under all forseeable conditions such as pre-orbital
abort or uncontrolled atmosvheric reentry and earth impact. The
ceramic fuel matrix has bheen redesigned to minimize formation of
particles in the resvirable range i1n tne unlik=ly event of burnup.

Research and development work 1s presently underway at QOak
Ridge National Laboratory for the application of curium-244 to
radioi1sotope thermoelectric generators.

Medical Uses




Some proposed medical uses of plutonium are research and
development on the implantation of plutonium-238 powered heart
pacemakers and radioisotope powered artifical heart devices. The
radioisotope powered cardiac pacemaker has completed many of the
tests necessary to qualify the unit for implantation in humans.
Early in 1973, ARCO Nuclear Company started production of units for
human implantation. ¥ach unit contains about 5 Ci of plutonium,

The plutonium-238 powered artificial heart devices are under
study at two AEC laboratories, One such study device contain 900 Ci
of plutonium—-238., It has been calculated that this device will
subject the internal organs of the user to abou*t 5C millirem/hour.
The major potential for impact on the environment 1s the possible
uncontrolled ultimate disposal of such pacemakers and other devices.

The present inventories of plutonium in the environment are
primarily from military activities, Plutonium for this purpose 1s
produced in reactors at the AEC Hanford and Savannah xiver
reservations., Fuel slugs are reprocessed to recover the plutonium
which is shipped to a weanons parts manufacturing facility. The
Rocky Flats Plant in Colorado is the major weapons zarts
manufacturer; however, Los Alamos Scientific Laboratory and Lawr=nce
Livermore Laboratory are involved 1n manufacture of special nuclear
devices such as underqround explosives, Assembly of the weavons
parts take place at military contractor sites such as Paintz2x 1in
Amarillo, Texas. From this point weapons are distributed t
military facilities.

Plutonium has been released to the environment on a4 local level
around plutonium testing and production sites. There are kCi
gquantities of plutonium Aispersed at the Nevada Test Sit=2 and curies
to tens of curies at the Trinity Test Site, Alamagordo, New Maxico.
Also 3 to 5 curies have heen released at the Rocky Flats plutoniun
orocessing plant near Denver, Colorado. An estimated 4 cuaries ware
leaked in 1973 from a waste storage tank at Hantord,

A continuing aspect of military applications 13 tue possibility
of plutonium dispersion in the environment due to accirients
involving nuclear weapons on strategic missions, Two sucn accilients
have oncurred in Spain in 1966 and Greenland 1968,

Oother military activities which involve movement ot plutonium
in the environment and oceans are nuclear powered submarines anan
ships. Each nuclear propulsion plant contains some guantity of
plutonium and transuranium elements. In addition missile-launching
submarines carry plutonium in the weapons. By the end of 1971, the
AEC estimated there would be 95 nuclear powered submarines and 4



nuclear powered surface ships. Unknown quantities of plutonium and
transuranium elements may be released during reprocessing of the
nuclear fuels from these ships at the National Reactor Testing
Station (NRTS) or a commercial fuel reprocessing plant. The
releases during normal operation of naval reactors are not availakle
from unclassified sources,

Consumer_ Products

Application of plutonium and transuranium elements in consumer
products at present is limited, However, future availability could
increase the number of 1tems which could be produced for general
population purchase, Manufacture of such items would require
licensing action, but once in the hands of the consumer, control
could be lost. Provisions for waste disposal are not now generally
included with vurchase of the product. Examples of sucn products
include a smoke detector containing 40 mCi of americium-241, static
eliminators at plastics plants, and snow gauges for use at remote
sites.



Iv, Existing_Guidel ines

Guidance for exposure to the transuranium elements began durinqg
World War II with the first recommendation for maxiumnum permissihle
occupational levels for plutonium, In 1953 the National Committee
on Radiation Protection (NCRP) recommended occupational limits for
americium and curium. Tn 1959 and again in 1962 the International
Commission on Radiological Protection [ICRP) recommended standards
for an expanded list of elements which currently includes i1sotopes
of americium, curium, berkelium, californium, einsteinium ani
fermium,.

The first quidance for plutonium contamination came 1into
existence almost simultaneously with the existence of the first
reactor-produced plutonium. Two months after start-up of the
Clinton, Tennessee reactor, in November 1943, a recommen-dation was
made that 5Mg of fixed plutonium should be the maximum allowable
body burden., This recaommeniation led to major cnanges 1in tne
plutonium handling areas to increase the protection of workers.

By the end of World War ITI the maximum permissikle body burden
was lowered to lMg (.06 Ci) and adopted das the standard tor tne
nuclear weapons program generally., Tolerance values for air
(3x10-11 Ci/cm3}) and water (3xl0wé Ci/cm3} were also adopted, Thesn
standards were set before soecific effects of plutonium were known,
by relating plutonium to substance for which i1nformation was
avairlahle, BRody burden limits and maximum concantrations in water
ware derived by using .1lMJ as a maximuin permissihle pordy nurden rHr
radium and making allowances for assumed differences ketv=2on raaiu-
and plutonium., The criticAal organ was assumed to be bone, an
tolerance limit for air wdas calculated by egquatina conrcentrarions of
olutonium with doses of gamma or x-rays to the lung.

In 1949 the Chalk River Permissible Dose Conference was held an
Ontario, Canada, with the United Kingdcm, Uniteld States and Canadia
particivating, From this conference and subsequent d1srussions 4
maximumn permissible body burden of .04aACr of plutonium was aiop*red,
The change was prompted hy results of animal experimmants wvwhich
indicated a different plutonium toxicity, relative to radium, tnan
had previously heen assumei. New maximum permissihle coacentrations
(MPC's) for plutonium in air {1l.5x10-1'2 Ci/cm3) anid water
(1,2x10-6 Ci/cm3) wére also adopted. A crude lung model was
proposed to show the movement of plutonium from the lung to tne bone
and the MPC for air was based on it.

In 1950 the ICRP gave no firm recommendations for plutonium
citing the lack of sufficient data. The commission did however
publish essentially the same values as the final results of tne
Chalk River Permissible Dose Conference., This gave a maximum



permissible body burden of .04 Ci of fixed plutonium, an MPC for
water of 1.5x10-6 Ci/cm3 and an MPC for solutle plutonium in air of
2x10—12 Ci/cm3, A value for insoluble plutonium in air was also
given based on the lung as critical organ, but i1t was recomm2n:ed
that the MPC for soluble plutonium be used in all cases due to tno
possible transference of insoluble plutonium from the lungs to the
skeleton,

In 1953 the NCRP gave new values for some of the metabolic
constants used in calculating MPC's aincluding a more detailed lung
model, No changes in the recommenied MPC values resulted.

In 1955 the ICRP revised its recommended MPC for water by
employing the changes in metabolic constants proposed by the NCRP in
1953. 'The new MPC for water was 6x10-® Ci/cm3®, There was no change
recommended for the air MPC, Recommendations w2re also made at thais
time for MPC's based on dose to the gastro-intestinal tract.

Current MPC values were recommended by both ICRP and NCRP in
1959, In these reports the metabolic constants given in 1953, waith
some moiifications, were used in calculating the MPC's ror both air
and water. The MPC for soluble plutonium in air was 6x1C=13 Ci/cnm
and for water 5x10-S Ci/cm3, An MPC of 10-1'! Ci/cm3 was recomrenied
for insoluble plutonium in air. MPC values were also comput=sd bhased
on dose to several other organs and a revision was made in the
recommended MPC's hased on dose to the gastro-intestinal tract 1in
the liqght of new aniral data.

The current recommendel MPC's using bone as the critical orgqan
for soluble plutonium and the lung for insoluble plutonium have re~n
adopted by the AEC for use as occupationul limits a* nuclear
facilities. To obtain suitable MPC's for the general nopulation,
the AEC has followed the recommendation of the ICRP and reducea tae
occupational limits by a factor of 30. Current MPC's for air are
given in Table 1IV-1.

At this time there are no values recommended by e1tner the IChe
or the NCRP ror limits on plutonium surface contamination, ThLS
lack of guidance has caused several Federal ajencies an-d
installations to adopt individual guidelines which arc geared to
specific purposes. A summary of current guidelines 1in use 1S yiven
in Table 1IV-2,
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V. Plutonium _in the Environment

Plutonium has heen released to the environment from nuclear
weapons accidents an'l testing, spacecraft accidents, and processing
and reprocessing plants, The testing of fission and fusion nuclear
weapons has resulted in worldwide plutonium-239 deposition ot around
370 to 500 kCi, The Health and Safety Laboratory of ths ALC has
measuraed deposition concentrations in the United States of around 1
to 2 mCi/km2 (Fig, V-1) which results in 19 to 2C kCi heinqg
deposited in the United States.

In April 1964 a satellite, which contained a SNAP-9A (Systems
for Nuclear Auxiliary Pow=r) radioisotope thermoelectric generator,
failed to orbit and re-enter2d the atmosghere over the Indian Ocean,
The SNAP-9A contained about 17 kCi of plutonium-238 and particles
from this hurnup were detected in the Northern Hemisphere 1n late
1965 and have been measurable since that time. Another radioisotope
thermoelectric generator (SNAP-27), winich contairned about 45 kCi of
plutonium-238, was akoard the aborted Apollo 13 mission and re-
entered the atmosphere and is believed to pe i1ntact on the bottom of
the ocean.

Plutonium has also been released to the environment on a local
level around plutonium testing and proiuction sites, The greatest
quantity of plutonium i1s dispersed at the Nevada Test Site, and
apnreciable amounts remain at tnhe Trinity Test Site, Alamagqordo, lew
Mexico, wnere the first atomic poomb test occurred. Ahou+ 3 +0 5
curies have heen released beyond tne site limits of taz Rkhavy Flacs
plutonium processing plant near Denver, Colorado. An ostimata21a 4
curies were leaked in 1973 from a waste storaqjge tank at Fantori, anl
similar quantities have heen releasad at tne Savannah ii1var
Laboratory site in South Carolina and at the Mound Labhoratory 1in
Miamisbhurg, Ohio,

There have been two major accidents i1nvolving nuclear w21pons,
The first occurred in January 1966, near the Spanish villiage Oor
Polomares i1n an aerial refueling explosion involving a £-52 homner
carrying four plutonium-bearing nuclear weapons. One of *he weapons
was reccovered intact rrom the ocean floor and anotaer recovareid
intact from a dry river bel near Palomares. The high explosive
charge on the other two exploded on imgact, and the plutonium was
dispersed into the air and subsequently, deposited on agricultural
areas. Extensive decontamination procedures, including ¢the removal
of vegetation and soil, were used to lower the concentrations to
safe levels.

The other major accident occurred in January 1968, when a 3-52,
with four plutonium-bearing nuclear weapons, crashed while making an
emergency landing at Thule Air Force Base in Greenland. Th= hiqh
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explosive charge on all four weapons exploded and the plutonium was
dispersed into the burning fuel. Decontamination included removal
of the top layer of ice over about 15 acres.

Surveillance proqrams are routinely carried out at plutonium
handling and processing facilities. A summary of these proqgrams
along with available data on plutonium concentrations at each
facility is given in Appendix I, Data is also provided for the
Trinity and Nevada Test Sites.

EPA and its predecessors bejan monitoring the plutonium-233 an.i
-239 levels in the atmosphere in 1965 following the burnup of the
SNAP-9A. The current air concentrations in the United States as
measured by this network are 0.2 to 4 aCi/m3 (aCi = attocurie =
10-18 curie) for plutonium-238 and 2 to 40 aCi/m3 for plutonium-239,



VI. Environmental Transport

Plutonium released to the environment 1s transported to man viAa
major ecosystem components {air, soil, water, microorjanisms,
plants, and animals) by a variety of environmental (physical) and
ecological (food chain) processes. Analysis of the environmental
pathways provides estimates of plutonium inhalation and ingestion
rates by a real or hypothetical person living in the contaninate-
ecosystem, These estimates of olutonium input rates tu man provide
a basis for calculating potential radiation doses and dose
commitments to critical organs. The resulting dose estimates than
serve as a basis for evaluating the hazard to man due to releases of
plutonium to the environment,

Details of the environmental pathways analysis will vary witn
respect to the characteristics of: (a} plutonium releases, (b) the
environment contaminated by the releas=s, and (¢} the dietary habits
of the population living in the contaminated environment. The major
environmental transport pathways for a typical terrestrial ecosystoem
include (1) exchange between air and water or vegetation hy
deposition and resuspension, (2) exchange bhetween soirl and water hy
erosion, leaching, adsorption and precaipitation, (3) uptake from
so1l by plants, animals and man, (4) inhalation by animals and man,
(5) ingestion of food and water by animals and man, ani (6)
redistribution within glants, animals, and man.

Cnough 1s presently known about the pathways tv conceive
preliminary mathematical models for the cenvironmnental *ransnort of
plutonium. These usually taxe tne form of systems of ordinarv
differential equations which describe the trans»ort herwe=n sajor
ecosystem compartments, Values and functional forms of th=
coefficients and parameters 1in tnese equations depend on th2 datairls
of the pathways, In order to compensate for the curren* lack ot
knowledge for certain processes, the mathematics of the rnoi~ls 1s
qreatly simolified ani conservative coefficient values w~nich will
tend to overestimate the potential plutonium hazard are us=?,

The environmental pathways of tan2 transuranium elemsnts are
outlined in Figures VI-1 and VI-2. Air and water are the oHrivary
transport pathways in the environment, while «tne soil and tane uceans
are considered primarily as storage reservoirs from which smail
amounts of tnese elements hecome incorporated into food. The
primary pathway of human exposure has generally been assumed to be
by way of inhalation of air containing the transuranium elements,
The air concentration results from air releases from the source or
from resuspension of these elements from the soil back into the air.
In areas with much plant cover or as the elements mijrate downwar+i
in soil, the inhalation pathway may become less important than the
food pathway.
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Air_ Transport

When transuranium elements enter the environment via the air
mode, they are rapidly and widely transported by aiLr currents to a
more-or-less permanent distribution in the soils and oceans.
Deposition occurs hy both wet and dry metnods. Many computer
programs are available to describe the spreadiny out within the
first 50 to 100 km of radioactive material released from a point
source, These take into account wind speed, direction, and other
meteorological parameters, and some account for cloud depletion by
surface deposition,

Surface deposition occurs both by washout from the air by rain,
and by dry deposition as the contaminated air touches the around,
The deposition rates for each of these methods are not verv well
known. For dry deposition the concert of deposition velocity 1s
used. The deposition velocity 1s the ratio of the surface
deposition over a given period of time and an average air
concentration during that time, Values tnat have been measuresd for
various radionuclides generally fall between 0.1 ani 2, cm/sec.

For wet deposition the ratio or the concentration i1n rainwateoer
to that in ground level air is used to aetermine total reposition,
Most observed values of this ratio fall in the range of 130 to 1£0%,

A considerable fraction of the released rardiocactive miterial
still remains in the air at distances of 5C to 100 km trom +he
source., Very little has been done to study the fate of tnis
miterial, However, several matnematical models have been Jdevelou=-
to follow this material. The most simplistic moiel assumes tnat 574
of all air releases of transuranium elements in the U.5. are surodl
uniformly over the Zastern half of the U.S. The rest 1s Jenosited
over the Atlantic Ocean. A more dctailed mod=l ntilizes wearhnr
patterns and the wet and dry deposition technigques mentioned
previously to calculate, with the air of a computer, -depositio
natterns around a specific source., Using a deposition velocity of
0.1 cm/sec and a rain-to-air ratio of 5920, 1t wis found that f»Hr a
sourc2 in Morris, Illinois, the amount deposited on *he Castern U.S.
and Canada amounted to between 50 and 70 percent or that roaleased
with the remainder heing deposited 1n the Atlantic Ocean, Thus tho
predicted patterns of deposition for the two independent modisls ars
consistent,

Ground Pathways

Transuranium elements deposited on the surface of the ground
may expose the population through several pathways: resuspension of
the deposited material back into the air, plant uptake througn
leaves and roots, animal uptake and subseguent i1ncorporation into



the animal products, or incorporation into drinking water., The
principal uncertainties associated with a determination of pathways
to man are those of long-term transfer mechanisims. The extremely
long persistence of these nuclides makes 1t necessary to predict
ecological processes for decades and centuries, Very little 1s yo+
known to permit accurate predictions of such parameters and amore
research will be required to refine current estimates.

Resuspansion is generally considered to be the major pathwav ot
exposure, The resuspension ftactor, the ratio of air concentration
due to resuspension to surface contamination levels, for freshly
deposited material 1s estimated to range from 10-3 m—1 to apout 1G—8
m!, and decrease to 10-? m—1 to 10-11 m—! or less some time after
deposition, Estimates fo this ratio are extremely variable with
respect to time and numerous environmental factors (such as wind
speed and direction, rainfall, disturbances affecting aerodynamic
properties of soil surfaces) as well as the aerodynamic properties
of plutonium-kearing particulates and their susceptibility to
saltation and resuspension.

Plant and animal uptakes are very small, with tne concentration
in plants being generally less than 10—-* of that in soils and the
concentrations i1in animals being about 10-5 of that in the plants
they eat. There is some evidence, however, that the lnnger
plutonium remains in soil the greater the plant uptaxke hecomes.

Eventually much of the transuranium =2lements may di:cfuse far
enough into so1l so that resuspension and plant uuvtake will no*
occur. The soi1l would then be considered a "sink", or >»nvironaental
removal mechanism, for these elements. Mathematical molels to
describe this diffusion mechanism are under develooment.

Water Pathways

One possible water pathway model for the movement of
transuranics through the environment to man 1s given in Fiqur= ¥I-2,
While the model 1s not meant to be Jdefinitive, 1t does 1ndicats +ne
major pathways currently recoqnized an.d the complex interactions
which can occur. The figure alsc shows the interrelationshiv of 1
water pathway model with an air pathway model.

Contamination of the Arinking water supply represents the
critical pathway for population exposure immediately af-er a liquad
release, and movement 0of the transuranics througn the complex oc=an
ecoloqgical systems may well represent the critical pathway for lona
term exposures. A study of the California coast indicated that
fish, invertetrates, and plants will concentrate plutonium. some
very preliminary, unpublished data of plutonium concentration
profiles in marine animals, plants and waters surrounding the



British Isles indicate that plutonium may remain in hiqgh
concentrations near the shore, It is not rapidly lost or dispersed
to the open oceans as was once thought, Additional preliminary data
would seem to indicate that plutonium deposited i1n bottom sediments
may hecome resuspended rather than remain fixed with the sediments,
These early reports and the reconcentration effect of maraine
organisms reported above would suggest that the ocean may not bhe an
infinite sink for liquid releases of transuranium, but 1t may indeed
be a critical pathway for long-term population exposures.,



VII._ _Health Effects

Plutonium and many of the transuranium elements emit alpha
radiation, which has very low penetrating powers and 1s etfectively
damaging to tissue at only very shOrt ranqe, Thererore, these
elements must be in i1mmediate contact with a receptor to he harmrul,
Transport of these elements into the human body 1s generally vaia
inhalation, ingestion, or contamination of an open wound, Once in
the body, the elements may be retained by the lung or deposited at
various sites including the liver, skeleton and soft tissues. The
long half-lives of the elements involved makes them espmcially
dangerous bhecause of the possibility of cumulative damage over a
long period of time.

To determine the effects of exposure to the transuranium
elements, models have been developed to estimate the retention of
these elements by various organs and to convert the resultant tissus
exposures to doses. A more detailed discussion of these modzsls 1is
given in Appendix II. Most of the modeling and risk estimatas
developed have been based on experience with plutonium and thirs
information extrapolated to the other transuranium elements.

The respiratory tract 1s the most common mode of entry into the
body., The particles inhal2l may be either soluble or insolunle 1n
bodidy fluids. Soluble compounds tend to move tOo othor areas ot the
body and can concentrate 1n +the liver or bone. Insoluble convounis
tend to remain in the respiratory tract tor lonjy pariods of tine,
For modelinqg purposes 11000 days 1s used tor the clearance hilf-tane
from the lung.

Considerahle uncertainty persists in evaluation of the
biological hazard of inhaled radioactive particles, althougb 1t 15
possible to make estimates for desgosition of i1nhaled particles in
the lung, and estimates of the risk of adverse effects followinn
exposure of the lung to ioniziny radiation, 1t has proven ii1tricul:s
to obtain agreement on tne risk associrated with *he inhalition ot
radioactive particles.

The estimates of risk for inhaled plutonium are based on 31111l
data and on human data from two sources. The first 1s from total
organ or whole body exposure to x-rays or gamma rays, where every
cell in the lung receives approximately an identical radiation
exposure., This includes data on Jaganese survivors trom Hiroshima
and Nagasaki, and on patients who have bpeen exposed to extensive
diagnostic or therapeutic x-irradiation orf the chest and lunas. The
second source of data is derived from persons exposed to the special
conditions found in some mines. These persons inhaled not only



radioactive particles hut also rock dust, radon and daughter
radioisotopes, diesel engine exhaust and other materials. The radon
daughter isotopes are thought to be the causes ot lung cancer 1in
this case, and the radiation exposure of cells 1n various regions of
the lung is different., From these data an estimate of the risk of
lung cancer per rem of radiation has been derived.

Hot Particle Problem

The question of whether the dose, and the associrated cancer
risk estimate, resulting from inhalation of a particulAar juantity of
an alpha emitter, such as plutonium, should be derived trom the
average exposure of all cells in the organ or tor only thos> cells
within the small volume intensely irradiated was first raised in
1949 and has been the subject of debate ever since. Tradi*ionally,
dose estimates for internal emitters (radioisotopes contained withain
the body) have been based on the average organ dose, 1.e. the total
amount of radiation energy deposited in an organ divided bv the mass
of that organ. While thlis is a reasonable method for estimating the
risk from x- or gamma radiation where all parts of the organ r2cerve
the same amount of energy, it has been Jusstioned whether 1t 1s
ardeguate for estimating the risk from the short ranqe alpna or low
enerqgy heta radiation in cases where the radioactive material 1s nnr
uniformly distributed. This 1s often designated as tne "“liotr
Particle" problem,

In the case of plutonium=-239, 1n solid tissue the dos2> ra~e at
40 qm from the surface of a particle 1s anout 1,5 to 2.7% or the
dose rate of tne source point and by d54m distance +*ho .l03~ rat? 15
vartually zero, In the lung, which 1s about 80% air, tie
corresponiing distances are about 320 m and W3la\m resuvectivalvy,
Dapending on the number of particles inhaled, the triction of the
lunqg actually irradiated may he juite large or small hut usualiy
only a small portion of the luny will be exwvosea to tae radiarion,

Animal data which may provide additional suponort to the
hypothesis concerning the relative efticacy of particulate vs
uniform exgosure 1s conflicting and has many limitations.

The anatomy, respiratory physiology, histology, and patholoqy
is different to a greater or lesser extent in each species of aninal
studied, Because of these differences and the tact that lung %umors
developing 1n animals exposed to radiation are not the same as those
seen 1n man, it 1s difficult to assess the consequences or 1inhalel
radioactive particles in man. There 1s no data on human exposure
from which a correlation with animal inhalation experiments can be
made., Until an adequate animal model is developed there will b=



great uncertainty and disagreement about the relationship of animal
experiments to possible human exposure and risk.

Ingestion

Although inhalation is considered to be the most important
route of entry into the body, recent experiments with cattle
indicate that the fraction going trom the GI tract to blood may he
as high as 10—-3, Although absorption from the 1intestinal tract into
the bloodstream is poor, it should not be ruled out as a skeletal
hazard, especially when those exposed are extremely young.

Plutonium entering the bloodstream will distribute itsclt between
bone and the liver in varying proportions depending upon tne
chemical state of the contaminent and whether the 1individual expose i
is an adult or child. The potential ingestion hazard to man,
especially over the long periods of time these elements may remain
in the'environment, is indeterminate. Short term exposures are
reduced by the fact that the amount of plutonium deposited on
external parts of plants 1s usually much greater than tne amount of
uptake, and this external contamination is removed by washin7g.
However, over longer periods of time, reconcentration may occur in
certain plants and the availability to man through the food cnain
may increase. Similarly, reconcentration in animals may occur over
a number of years of exposure,

Wound _Contamination

Plutonium deposited in a wound will react witn rhe constituent s
of the tissue and the body fluids and bhe apsorbed 1nto the blooi
stream where experim2nts have shown 1t to eventually .deposit 1n the
skeleton,



APPENDIX I

MODELS FOR PLUTONIUM DOSIMETRY
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APPENDIX II

ENVIRONMENTAL SURVEY RESULTS



ARGONHE NATIONAL LAB, 1973 (ANL-8078)
Sampling Techniques
Media Sampling Program and Analysis Results Reported Remarks
Air: Monthly filter samples: At one location filter was Error is between 5 and 20% Similarities betyeen
-9 on-site changed daily, all others for most results but samples co]]ecteoLby
6 off-site were changed at weekly approaches 100% at the other labs indicate
intervals. detection limit. that tne plutonium
in Argonne samples
is primarily frem
fallout.
Average on-site concegtration
Pu-238: 0.85 aCi/m
Pu-239: 12.5 aCi/m3
Average off-site concentration
Pu-238: 0.46 aCi/m3
Pu-239: 9.9 aCi/m3
Water: Argonne waste water Plutonium & neptunium Principal radionuclide was Plutonium is
discharged into analyses were performed tritium. attributed to
Sawmill Creek which on 10-liter samples by a Average Pu concentration: fallout.
flows into the Des Pu separation method, Sawmill Creek: 5.1 fCi/liter
Plaines River. followed by alpha spectro- Des Plaines River: 1.0 fCi/
Sarples collected metry. Titer
below outfall on
continuous basis
and individual samples
collected five times
weekly.
Soil: Samples collected Each soil sample consisted Average on-site concentration Results for Pu

downwind of Bldg. 205.
Samples collected near
buildings in which
plutonium had been
used.

5 on-site samples

9 off-site samples

of two cores totaling 173
cm? in area by 30 cm deep.

Pu-238: .17 nCi/mé
Pu-239: 2.68 nCi/m2
Average off-site congentration
Pu-238: .22 nCi/m2
Pu-239: 2.64 nCi/m

within fallout
concentrations as .
measured by other
laboratories.




ATOMICS- INTERNATIONAL, 1973

Sampling Techniques

Media Sampling Program and Analysis Results Reported Remarks
Air: On and off-site locations; | Automatic continuous sequential Average gross alpha at
number not specified. samplers, filters analyzed daily| Headquarters and NDFL
for gross a and 8. Sample - was 7.5 and 7.2 fCi/m3,
20 m3 per day. respectively.
Water: | Various reservoirs and One liter sample collected. Values averaged
creeks. 500 ml evaporated and counted <.26 + .26 pCi/liter
for gross o and B.
Soil: | 144 on-site samples Top 1/2" of undisturbed soil Gross Alpha Also provide summary of

48 off-site samples.

collected (no area specified).
Two-gram aliquot placed in
planchet 'and counted directly

for gross a and .

(pCi/gm of soil)

On-site 0.57
Off-site 0.51

soil radioactivity data
from 1964 thru 1973,
broken down to on-site
vs off-site.




BATTELLE COLUMBUS LABORATORIES, 1973

Media Sampling Program P Sampling Techniques & Analysis Results Reported Sz-arvs
Water:. {Effluent stream monitored at releaseiOne-liter samples collected weekly.| None included in report. .76 05 0fF 2"z
point after filter bed. Analyzed for alpta and beta by ectivisy release-
Eberline Institute Corp. | 2eom gt =
—— Jefforing site,
Air: Exhzust stecks sampled with contin- |Samples counted :cr "appropriate None included in report. J -
uous air monitors. Samples changed {radicnuclides" and gross alpha
veekly. (No ambient air monitoring |and beta.
retwork.)
Foliage:Semples collected at 14 locations, {Samples composited and ashed. Plutonium (pCi/gm of ash):
(grass) {spring and tall. Analyzed for grgss alpha and beta, ‘ v .
Pu, and gBSr - 86Y, and reported 238pu 5%%35 0“635 0A6%§
as pCifgm of ash. (No surface area 239, 0.018 ) n
relationship given.) u U 0.005 0.0n7

{(Results of 14 composites)




HANFOSD, 1673 (Bi.L-1811)

Sampling Techniques

T
Madia Sampling Program and Analysis Resuits Repcried ; Sz-zeovs
Weter Serples drawn quarterly from Extraction with diethyl ether. Less than 0.091% of thipha concen-
two Celumbia River locations. Count dried residue with gas radiation concentration ‘“ratizn 13 1.6
A) Vernita flow alpha proportional guide. ;1‘ CELTETILA
B) Richland counter. yToncentration
Lirtng,n
}n1yture of
i2lgha enittars,
Air: 21 off-site stations--loca- Analyses mece cuarterly on Averags concentrationr i
tions not defined. composited filters counted of alpha plutonium wes i
for gross alpha and beta 1.5 pCi/m2,
concentraticns.
Sgil Thi+tesr stations for Samples of rhe tep inch of Average cencentration in f The oluti-tu-
and routine searpling around soil and native vegetation s0il: ccntertrezicrs
Vegetation: the perimeter of the (perennial) were taken at Pu-222: <3 fCi/gm ar: tyoicsl of
Hanford Reservation. each station. Pu-239: 10 fCi/gm cerzral
Annual determination. Average concentration in | reticnzl le/2%s
vegetation: for the zvid
| Pu-238: 1 fCi/gm and w2starn
| Pu-239: 2 fCi/gm stetes




LAH#RENCE BERKELEY LABORATORY, 1973 (UCID-3651
[
Sampling Technigues '
Yedia Saanling Program and Pnalysis Results Reported REZATCKS
Air:. 10 stations on site 4 cfm through 4" x 9" HV-70, Gross alpha average Based on stack sa~ 3I1.,,
4 stations perimeter continuous sampling, changed cn site- 0.4 fCi/m3 0.5 uCi of alpha ectivity
weekly. perimeter: 0.6 £Ci/m3 re!eased during reporiing
ettt ttebb e et B e el i period.
Deoo- 9 staticns on site 15" diameter cylinder. Average alpha |

sition: 4 stations perimeter Rinsed with water if dry. on site: 0.04 nCi/m2
perimeter: 0.08 nCi/m
Savage T.o cutfalls to muni- Assayed wieekly. Average concentration of -Tota) of <€2 .71 of aizhz
cipal systen. alpna: 0.20 pCi/liter. activity giscnz-zed to
| Samnled by continuous severs (153topes not
progortional samplers. specified).
t.vfzce Trrge cr~-site and tuo One quart grab sample Average alpha
and Teép | crvi-site streams weekly. on site: 0.34 pCi/liter
Weter: scrioied weekly. off site: 0.52 pCisiiter
One tap water location | One quart grab sample tap water: 0.08 pCd11ter

ariplad weskly -

.ocat1on rot given.

weekly.




LURENCE LIVIVGRT LASORATICRY, 1973 (LCRL-51547)

Sampling Techn.ques

Meda Sarrpling Program and Analysis Resuits Renorted RC~27KS
Air: 6 perimeter samplers: 25 cfm leekly saaples analyzed for Perinecar average Cempared to LG of
11 off-site samplers: 4 cfm gross alpha. Fontnly Pu-238: 4.3 aci/mg 1 pCi/m> for 1nsoludle Pu.

ccpesite analyzed for Pu-239: 1.2 fCi/m
Pu-235 and Pu-239 at peri- Ain-241: 63. aCi/m3
meter sites. Selected
corposites analyzed for
r-241 Jan-May.

Soil: 28 sites in Livermore Valley. Samples collected to a depth | Pu-228 average:

18 si1tes in San Joaquin
Valiey.

14 sites in surface drainage
drtches and crasks wnich
aram Lauwrence Livermore
Lah.

of 0-1 cm.

Sermples collected to a depth
of 0-25 cm for total depo-
sition.

Some samples collected to
1 cm and others to 25 cm.

0.43 fC1/gm
Pu-233% average:

5.9 7Ci/gn

Pu-228 average:
0.026 nC1/n¢

Pu-239 average:
.65 nC1/me

Pu-223 range-
0.025-4.1 fCi/gm

Pu-239 range.
0.62-68. fCi/gm

Sevaqe:

—

es of 4 sites
2 trestirent

Gross alpha, Pu-238, Pu-239,
and Am-241 analyses on
monthly ccnipasite.

Pu-239 1n effluent
averaged 13 and 410
fCi/Yiter 2t 2 plants.

N.20 rCi of Pu-236
released to Sse.er.

SITE 200 SURVEILLAICE {13 miles SE of Livermore)
Rir: 10 on-site senplers: 25 cfm lleekly samples except twice Pu-238 average:
" T ofr-sife sapler: 1 cia per week during the summer. 1.6 aCi/m
Pu-239 averege:
17 ati/=3
Water: 13 on-si1.e wells, off-sile Gross alpha analyscs at A1l grcss alpha results

springs, ponds, and creeks.

different frequencres.

below detection limit
of 1.2 pCi/liter.




L0S ALAMOS, 1973 (LA-5586)

Medra

Sampling Program

Sampling Techniques
and Analysis

Results Reported

Remar ks

Are

16 off-s1te, 10 perimeter,
&nd 10 on-site localions

Samplies operated continunusly,
chanqed wieckly  Composited
monthly for Pu-?38 and i'uy-239
12 sytes composited quartorly
for Am-241

Off-si1te averaqe
Pu-238 15 aCi/m
Pu-239 21 aCri/m3
Am-241 8 aCi/m3

Perimeter averarne
Pu-238 18 aCi/m3
Pu-239 26 aCi/m
Am-241 5 aCi/m

On-site average
Pu-238 10 aCi/m3
Pu-239 15 aC1/m3
Am-241  § aCi/m3

8 7 mCr of Pu-2310, My-239,
and An-241 released Lo the
atmospher¢ wn 1973

Hater:

13 regional water
sources within 75 km

40 permmeter surface
and ground water sites
within § km

Los Alamos water supply -
16 wells and 1 gallery.

30 on-s1te surface and
ground waters

Inauctrial wastes fron
2 plants.

Domestic wastes

Composite of ecach week's
of flue .t znalyzed

Semiannually anatysis of
effluents from technical
area and municipal sewage
plants

Pu-238 average

40 fC1/1ter
Pu-239 average
149 fC1/11ter

Pu-238 average
20 fC1/i1ter
Pu-239 average
10 fCy/Trter

Pu-238 average
20 fCi/11ter
Pu-239 average
20 fCi/Tater

Pu-238 range

0 01-8 2 pCyv/Iter
Pu-239 ranqe

9-10 1 pCi/l1ter
Mn-261 range

0 03-65 6 pCi/lter

Site TA-50-1 average.
Pu-238 1610 pCi/lzter
Pu-239
Am-241 25 oCi/liter

Site TA-21-257 average
Pu-238 40 pCi/iater
Pu-239 30 pCi/later
Am-241: 20 pCi/l1ter

Jechnical area average
Pu-238 08 + 08
pCi/Titer
Pu-239 09 + 26
pCi/Titer
Municipal sewvage
average
Pu-238

Py-239

na6 + 008
pCi/1iter
03+ 10
pCi/11ter

3
11 pCi/1ter E

Pu analyses performed on
water samples are highly
suspect because qf cross-
contamination and/or
effluent-contamnatign
problem

released
released
released

released
released
released

So11 and
Sedwment

So1l and sediment
samples collected
at sare sites as
regional water
sources

Samples collected
arpund the Laboratory
and Los Alamos County

So11 samples collected by h
taking 5 plugs. 75 mm diameter!
and 50 mm deep at the center
and corners of a 10 meter ,
square area and combined for
i@ composite sample  Sediment
samples collected behind
boulders of flowing strcams
or 20 mn deep across the main
channel of intermittent
streams

Special
Studics

Sedunent , veqetatfon.
and rodents

Study of 3 canyons receiving
waste from Los Alamos since
1941

Y pu-238 15+ 2 fC1/g

So11 average (7
locations)
Pu-238 8+ 6 fC1/g
pPy-239 10 ¥ & fC1/g
Scdment averaae (9
+ locations}
Pu-239 17 ¥ 4 /g
On-site so11 & sediment
range
Py-238  6-120 fCr/gm
Pu-239 13-13MCy/aqm
pff-s1te smil & sedwaent
range
Py-238
fu-239
Reeglts veported for ot
saaple individually

5-25 fC1/qm
5-650 {C1/4m




TRINITY SITE, Alamagordo, MM (UCLA-4056)
Report of Periodic Surveys, 1947 - 1956

Media

Sampling Program

Sampling Techniques
and Analysis

Results Reported

Remarks

Soil:

Numerous samples collected
in fallout arca, up to 95
miles dowrwind (NE) of GZ.
Samples collected at
different times during the
10-year reporting period.

Nitric acid leach with
chamical separation of
plutonium from other
alpha emitiers.
Extract counted with
alpha scintillation
counters.

Concentration of Pu in soil =~
dpm per gram and pgm per sq.
ft. Up to several hundred
nCi/m¢ in off-site areas. At
85-90 miles from GZ, values
as high as 45 nCi/m2 vere
found in 1950.

Serial samples at
same locations did
not always decrease
with time - may be
due to sanpling
variability.

Some profile samples
collected, mostly
surface samples--1/2
or 1 inch depths.

Highest values were found on
Chupadera Mesa,-- 30 miles
NE of site.

Vegetation:

Samples of grass, Jjuniper,
and pine at various
locations.

dpm/gram: Results incon-
clusive -~ probably surface
contamination.




PIUD LASSALTORY, Y970 (en-21a32)
Sarpling Technicuos
redia Sanpling Program ad Araiysis Results Repcrted Pemarts
Air 21 oit-site sampling Concinuous veoxkly high volune Po-210 avarege: 1.2 fCi/m? 2CG for 7;-210:
locations. air samwples of 40 ft3/n1n Pu-238 average: 18.1 aCi/m? 2 p:: -3
thru Microsorban disk. Po-210 PCG for Pu§233:
woekly analysis at 2 sites; 20 fCi/m
monchly composite for Pu-238
at 21 sites.
5 cn-s1te sampling Continuous weekly hich volue P6-219 average: 1.1 fC1fm3 PO Toe “2-273
locations. air samples of 40 Ttd/tuin thru | Pu-238 average: 534 aCi/ad 7 pLifee
Microsorban disk. Po-10 and RCS for Pu=233:
Pu-238 analysis weekly 70 fCi/
68 .C1 of P5-219 anz
24 1C1 of »u-23% wzre
(5 sc' rced 19 the
atrosonere.
Water: 5 sites on the Great | Samples collected 5 days per Pu-238 average: 1.3 pCi/ RCG for Pu-223:
Hiami Rver. wcek and conposited for Titer 2 nCi/liter
ronthly Pu-233.
§ 31575 of ponds Quarterly sampling and Pu-238 cverag 0.355 pCi/
and streza's. analysis for Pu-~-233. Titer
Foodstuffs Locoliy gro.n food- Evapcrate samples to drynoss Pu-233 averase:-
ang stuff; a~d nege- and analyze for Pu-238. Milne 0.9 fCi/gm
Vegatation: tes0e 53a01ng Fruits a:d vegatzbles:
including 1114, i.6 fCi/gn
frurts and vege- Grass® 7 iCi/mm
tables, grass and Aquatic 1i1fe: 4 fCi/gm
azuetic  Tife.
Soil: Onz leccation r each 10 core samples (3.5" diaseter Pu-228 average
guadrant plus back- by 12" dzep) at each location <4 mles: 1.17 nCu/m
ground location. and composited. Pu leached >20 miles: 1.27 nC1/n
from samples. i
Sitt: B8 situs In ponds and |Pu leached from samples. Pu-238 average: 38 fCi/anm

o - -

streams (same ag
surrace waser).




NEVADA TEST SITE, 1973 (NERC-LV-539-31)

Sampling Techniques

Media Sampling Program and Analysis Results Reported Remarks,
Hater: 59 sampling sites from Pu-238 and Pu-239 analyses Pu-238 range: <0.016-<.61 pCi/liter

community water supplies, annually on selected surface Pu-239 range: <0.012-<.74 pCi/liter

vells, springs, streams, water samples.

lakes, and ponds.

Long-term hydrological NTS samples analyzed Range of averages

monitoring program at quarterly for Pu-238 and Pu-238: <0.014-<.083 pCi/liter

all active and inactive Pu-239. Pu-239: <0.010-<.048 pCi/liter

test areas.
Air: 8 selected sites from Pu-239 analyzed on composite No results reported yet for 1973. Previous

the Air Surveillance of 5 days sampling each month. results

Network. r2ported for

18A5-1872.

Soil: | Part of continuing Ten 10 x 10 cm cores 5 cm deep | Results plotted as contours along

program started in 1970.

were compos$ited. Samples
taken at theiintersections
of a 5 x 5 mile grid.
Analyzed portion that passed
thru a 10 mesh screen.

with previous results.




OAK RIDSE NATIONAL LABORATORY, 1973 (UCC-ND-280)

tampling Techniques

Results Repnorted

Ramaris

Media Sampling Program and Analysis
Soil: Nire locations near Perimeter Air Four samples, approx. 3" diameter and Plutonium (fCi/gm)
Monitoring Stations. one centimeter thick, collected from Maximum 67
a one-square-mater area and composited. Minimum 12

Analyzed for plutcnium (Note: Not
clear whether includes 238 & 220 gr
Jjust 239).

Average 29




PANTEX PLANT, 1973

Sampling Techniques

Media Sampling Program anc Analysis Results Reported Rerarks
Yater: Samples collected monthly from Samples enalyzed for gross Total plutcnium (pCi/1) [Compzred to
one off-site lake and wells alpha and beta, tctal ¥s - 0.72 ' RCG for uncon-
on-site. uranium, plutonium and ground water - 0.38 trolled arez
tricium. of 2 nCi/
liter.
S5il1 and Semples collected monthly at So1l - tcp 5 centimeters.. Total plutonium concen-
Vegetation: 25 cff-site locations Vegetaticn - native grasses.| tration
surrounding plant. So1l enalyzed for total pCi/agm dry soil
plutonium by radiometric Minimum 0
analysis. Meximum 1.39
Average 0.50
No results for vege-
tation.
Air: Alr samnling network Samples analyzed for gross Plutonium (fCi/m3) Comnared to-,

consisting of ripe cff-site
continugus Saimiers surrounding

plant. Sa~dles changed weekly.

alpra and beta, total
plutonium, and uranium
CONTENT.

Minimum 0
Maximum 3.53
Average 1.26

RCG 20 fCi/m®




RUCKY FLATS PIANT, 1973 (RiP-Ttv-73)

Med1a

Air

Sapling Fyogram

11 arr s*3twns on <ite
operated continonuy iy

12 air sialions of f~site
between 2 ang § mle
radius.

9 ai1r stations 1n popu-
lation centers around
Rocky Flats.

Sannlirg Techniques
and Analysis

Results Reported

Remarks

2 ofta throuch L dman Tyne £
qlass tiber Tiltors.
tor altha Jn-uung ara rrontnly
composite analyzed tor Pu
July-tiee

Contrruouy sawnhing throuch

1201039 Ficrusorban falter

media al 2/ cfm, composited
ranthly

Alpha averaqe for

Beginnig 1n 3773, contin-

tuously s¢ plina Lhrougn

Gelmen T,pe € glass fiber
filters  Analyzed uecrily
for alnha  Laminpinn 7/73,
samples composited manthly
for Pu

Anan 2ood

Alpha average for Jan-June
69+ 37 fli/m3

Pu aver iye for July-Dec.

1 214 4 99, fCv/m

Pu average:
<0 053 + 53% {C1/m’

an-June*
<26 129 fCy/m

Pu average for July-fec

<0 264 + 163% fCifu3

Total alpka relcaaed Jan-
June ang Pu relersed Juive
Dec. from nlutvanr facil-
1ties was <77 49 i,

RCG for Pu-239 1s 20 FC1/m3

Hater

Effluent “-on 3 holding
poids

Pe]ﬁut Creek (main
efflvent stream of f-site)

7 reservotirs and 9 tap
nier locations around
Rocky Flacs.

Wdehtiony) area
rescrvoy 5, lales, and
L Lrcams.

Suwepled continuously and
coliected darly end compositea
for weekly analysis

darly, composited for weekly
analysis

monthly

30 sanples collected 9/73 out
to aboul 20 mnles.

Sampled continuously. collected

Collected weekiy and composited

Pond A-3
U + Pu average

5.01 + 26% pCa/lrter
Pu average

< 29 + 37% plr/1rter
Pond B-4
U + Pu average

16 58 + 36; pCi/liter
Pu average

7 37 + 479 201/ )ter
m-24" average

<1 79 + 1225 pCi/irter
Pond C-1
U + Pu average

1.96 + 355 pCi/later
Pu average

<.18 + 42% pCr/Nater

U + Pu average

11 43 4 60. cCr/hrter
Pu average

3 ) 432 pCi/Nater
Am-241 average

<1.31 + 817 pCr/lter

Reservoir
U + Pu average

3.32 pCy/Niter
Pu average,

<.06 pCi/liter
An-241 average:

< 18 pCi/later
Tap Hater
U 4 Pu average®

<3.87 + 54% pCri/later
PJ average

< 07 ¢ 34% pCi/later
U 4 Pu average:

182 + 515 pCi/titer
Pa average..

< 31 4 765 pCy/Iater

RCG for soludle Pu =
1800 oCi/lter

RCG for arericium-241 =
1300 pCi/1rter

So1i.

onlinuaton of progiam

60 satples collected each 18
degrers ol arc on circles of
1, 2 ond b male radius

-—

fesults displayed on map.




SAVANNAH RIVER PLANT, 1973 (0OPSPU 74-30-1)

we waa o -

Sampling Techniues

. —t —

i

Media Sampling Program anu nnalysis Results Reported Remarks
Air: Weekly anaiysis of air Beta activity, gamma Alpha activity Concentration Guide for
filters collected at measuremnents and gross Plant per1%eter: alpha em}tters is
2 monitering slations alpha (uranium and 0.7 fCi/m 20 fCi/m>,
near plant perimeter plutonium) activity 25-mile radius:
and ten stations determinations for all .8 fCi/m3
around a 25-mile samples. Distant S}teS'
radius from plant. .9 fCi/m
Four additional Maximum reported 3
stations at Savannah, value was 3.8 fCi/m
and Macon, Georgia at plant perimeter.
and Columbia and
Greenville, S.C. serve
as background levels.
Vegetation: Grass samples collected Samples composited for Gamma emtting radio-
at seven locations monthly analysis. nuclides were from
along plant perimeter fallout. Alpha
and at seven other emitters averaged
locations along a 25- 0.16 pCi/gm (dry wt)
mle radius route. at plant perimeter and
.12 pCi/gm (dry wt) at
25-mile radius.
Food: Farm produce repre- Sixty samples analyzed Alpha emitters in food
senting four food by gamma spectrometry. stuffs averaged between
categories collected Radiarchemical analysis 2-10 fCi/gm (wet wt).
at 14 localities. for ““5r and alpha Maximum concentration
‘emitters. of 240 fCi/gm (wet wt)
in plums.
Water: Four sampling points River samples collected | prinking water alpha The higher specific
on Savannah River. continuously and emitter concentration |activity at Jackson
Fourteen samples of analyzed weekly. Public| yarqed between nonde- 3.7 pCi/liter is attrib-
public water supplies. supplies saripled in tectable to 3 7 pCi/ uted to thorium-228.
April ard Qctlober. liter with an average
of 0.8 pCi/l1ter. ;
-
Seil: Four samnling locations Depth profiles at each Total nlutomium b
naar plant perimeter, site for 238py and average in top 5 cm
and 3 locations up to 3%y, of soil 1s 15.2

100 miles.

fCi/gm at plant peri-
meter and 17 8 fCi/gm
at distant locations.

Deposition-10 sampling
locations at plant
perimeter.

Core samples taken to
15 cm.

239y at plant peri-2
meter was 1.78 ,nCi/m
and 1.69 nCi/m€ at
distant locations.




