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Nuclear Regulatory Commission 10 CFR 20 Release of Solid Materials at Licensed
Facilities: Scoping Process

Dear Secretary:
Vast quantities of radioactively contaminated materials have been and will be generated as a
result of the production of nuclear weapons, clean-up of the nuclear weapons complex, and
operation and deconmmissioning of nuclear reactors. These materials include radioactively
contamninated metals, like nickel and copper.
In the past, radioactively contaminated metals have been released from US nuclear facilities into
the marketplace, both domestically and abroad. The US Nuclear Regulatory Commission is now
considering whether to issue a rule that would officially permit the release of radioactively
contaminated materials from nuclear facilities into the general marketplace, and if so, at what
level.
Releasing radioactively contaminated materials into general commerce poses needless risks to
human health. Moreover, allowing the release of radioactively contaminated materials from
Department of Energy facilities could be especially deleterious given the Department's poor
technical track record of measuring releases of radioactivity and of record-keeping (see Science
for DemocraticAction vol. 5 no. 3 (October 1996) and vol. 6 no. 2 (November 1997), enclosed;
also available at http://www.ieer.org).
IEER opposes the release of radioactively contaminated materials into general commerce. Such
releases should be immediately halted.
Thank you for considering our comments and including them in the official record.

Arjun Makhijani
President

Lisa Ledwi ge
Outreach Coordinator and Editor, Sciencefor DemocraticAction

cc: Potential roundtable participants of the NRC Workshop on Control of Solid Materials;
November 1-2, 1999, Rockville, Maryland
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Health and Environmental Impacts of
Nuclear Weapons Production
A

ssessments of the harm done
by nuclear weapons plants to
both workers and neighbors of the
plant have generally relied on the
radiation data provided by the De
partment of Energy (DOE) and its
contractors. Detailed studies of the
DOE's uranium processing plant near
Fernald, Ohio. (commonly called the
Fernald plant), show that DOE and
contractor assessments are fundamen
tally flawed in numerous ways and
that harm to both neighbors and
workers was far greater than the DOE
acknowledged. Further, preliminary

indications are that the conditions
that gave rise to the DOE's false
reassurances of safety and environ
mental compliance are also likely to
be present at a number of other nuclear
weapons plants.
This issue of the newsletter has
three articles on health and environ
mental impacts of nuclear weapons
production:
N

a case study of the Fernald plant
regarding radiation exposure and
health risk to its neighbors,

U0

a case study of worker exposure

at the Fernald plant, and
*1 a general overview of how
health and dose reconstruction
studies are done
We will continue this series in
future newsletters. Note that these
evaluations only address exposures
for the period when nuclear weap
ons plants were operating. They do
not include risks posed by the wastes
that have been created since, or from
decontamination and decommission
ing operations that are needed at
all weapons plants and test sites.

Radioactivity in the Fernald Neighborhood
by Arjun Makhijani
he Department of Energy's Feed
Materials Production Center
(the Fernald plant), located near
Fernald, Ohio. produced uranium metal
mainly for use in plutonium produc
tion at the Savannah River Site in South
Carolina and at Hanford in Washing
ton state. The plant was operated by
National Lead of Ohio (NLO) from
1951 through 1985. In 1986 it was
taken over by Westinghouse. NLO had
a number of subcontractors, (the Alba
Craft plant in Oxford, Ohio. for ex
ample), who performed a variety of
tasks such as machining of uranium
metal. The Femald plant closed in 1989.
and the site now has a new name: the
Fernald Environmental Restoration
Management Corporation (FERMCO).
It is currently being remediated by
the DOE contractor, Fluor Daniel.

The Fernald plant consisted of 10
production operations (called "plants")
as well as other support buildings. In
these facilities, uranium in various

forms, including ore concentrates,
scrap, and recycled material contain
ing uranium, were processed to
See Neighborhood, page 2

Meet BOMAB, or "BOttle MAnnequin ABsorber Phantom." Where does this
phantom get his radiant glow? He's filled with measured radioisotopes, testing
to see if DOE's whole-body counters can accurately detect contamination in
exposed workers. See story regarding Fernald workers on page 3.
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her well was contaminated after she
requested monitoring data in the af
termath of a highly publicized acci
dental uranium release from the plant
in late 1984.
The Fernald plant had, in fact,
released a number of radioactive and
non-radioactive pollutants to the air
and water, but DOE had very partial
data for releases of some of these
materials, and none at all for many
others. Among the pollutants were:
uranium, thorium, radon gas, radium,
technetium-99, ammonia. hydrofluo
ric acid, fluorine, nitric acid, kero
sene, chromium, and lead. The most
important radioactive pollution con
sisted of releases of uranium and radon
gas to the air. Detailed evaluations of
non-radioactive pollutant releases have
not vet been done and few data exist
on which such evaluations can be
based.

Neighborhood. from page 1
produce uranium metal. The six waste
pits at the site contain both radioac
tive and non-radioactive chemicals.
including uranium isotopes. thorium
230 (a waste material from the uran
ium production process), thorium-232,
and barium salts. In addition, the K
65 silos located on the site contain
radium-226, a decay product of ura
nium which emits radon. Figure 1
shows a schematic diagram of ura
nium processing operations at Fernald,
Throughout the history of the plant's
operation the DOE and its contrac
tors consistently asserted that the offsite
residents were not harmed by its
operation and that exposures were
within allowable limits. These asser
tions were challenged in a 1985 class
action lawsuit brought against NLO
by neighbors of the plant. In that year,
Lisa Crawford, the lead plaintiff, had
discovered that the well that she and
her family had been using for drink
ing water was contaminated with ura
nium. She also found out that the DOE
and NLO had discovered the contami
nation four years earlier but had not
informed her. Ms. Crawford realized

Uranium releases
Internal evaluations of the plant's
operations were initiated in 1985 and
they continued until the plant was shut
down in 1989. In early 1985, NLO
estimated that the releases of uranium
See Neighborhood, page 5
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Fernald Workers' Radiation Exposure'
by Arjun Makhijani
Like
workers
at workers
other nuclear
weapons
plants,
at the
Feed Materials Production Center
near Fernald, Ohio (commonly called
the Fernald plant) were routinely
assured that they were being protected
and that, in general, their exposures
to radiation were under the maximum
legal allowable limits. These assur
ances, given by the Department of
Energy and its contractors, have been
based on records of worker doses.
A careful analysis of Fernald plant
data indicates that these claims are
incorrect.
Three categories of radiation data
were collected for workers at Femald:
I.

Direct measurements of worker
external radiation doses. (Col
lected using film badges worn by
workers, for instance.)

2.

Measurements of radioactive ma
terials inside workers' bodies. The
methods included analyzing urine
samples and measuring gamma
radiation emanating from radio
nuclides trapped in workers' lungs
(called "lung counting").

3.

Measurements of radioactivity in
the workplace environment. These
are made by sampling the air in
the general area where the work
is done and in the "breathing
zones" close to workers' faces.

The third category is not a direct
measurement of dose but provides an
indication of working conditions
I

This article is based on the following lEER report:
Bernd Franke and Kevin Gurney, Estinates of Lang
Burdensfor Wl'orkersorthe FeedMoteriali Production
Center. Fernald, Ohio. (Takoma Park: Institute for
Energy and Environmental Research, 1994).
2 Memo firom F.J. Klein to R.H. Starkey. "Subject:
Cleaning Under Burnout Oxide Conveyors-Plant
5," National Lead Company of Ohio. December 7.
1960, p. 2
3 Memo from C. W. Zimber to Leininger, "'Subject:
Employing Rotex Dust CollectorNo, 6018" National
Lead Company of Ohio September 10, 1968. p. 1
4 Memo from J.A. Quigley to C. Dees, National Lead
Company of Ohio. October 12, 1953, p. 3

leading to exposure. Standards are set
In many plant situations, proper
limiting the concentrations of radio
respiratory protection to prevent in
nuclides in the air so that the radia
halation of this radioactive dust was
tion doses to workers might be kept
not available. IEER's review revealed
below allowable maximum limits.
that workers were not properly trained
IEER performed an independent
regarding when to use respirators, and
assessment of radiation exposure to
consequently did not wear them in
workers as part of a
many situations when
class action lawsuit
air dust concentrations
filed by the plant's
were high. In fact, in
workers against NaIY);l ,
the early years of plant
tional Lead of Ohio,
ui
/'c;
operation, workers
0/ '1
DOE's contractor uni~;'i'J .) .I,1 i.yl
were not even issued
til 1985.
respirators
as long as
JUh ireIf'i
',f
Working conditions
P'iioL
1~
air concentrations of
uI/Ii
at the Fernald uranium
radioactivity remained
processing plant near
less than ten times the
Cincinnati were appall
MAC. In addition, a
uinus.
ing, especially in the
0,It/Oui'J! -W,.•
significant number of
1950s and early 1960s.
respirators cleaned for
They were typified by
reissue remained con
taminated. In some
high air concentrations
of uranium in many areas of the plant
cases, the insides of respirators were
which often exceeded the Maximum
contaminated. A plant doctor on an
Allowable Concentration (MAC) by
impromptu plant tour characterized
tens of times, hundreds of times, and
some of the respirators as "the epitome
4
even thousands of times. One 1960
of filth."'
plant document lists the air dust con
centration in the breathing zone of an
Internal exposure estimates
operator cleaning under a burnout con
Fernald worker dose records are
veyor as 97,000 times the MAC.2
highly misleading because they con
Work procedures also contributed
tain no mention of radiation doses
to the high air dust concentrations in
due to the uranium that workers in
the plants. For example., a 1968 plant
haled which then irradiated their
document described the procedure for
bodies, notably their lungs. These doses
emptying a dust collector:
were not included in worker records
despite the urine sampling that was
The dust is emptied from the col
done throughout the plant's history
lector on the second floor and falls
and the lung counting that was done
down a chute to a nonventilated drum
on the first floor. The operator on
after 1968. Thus. when workers re
the first floor signals to the operator
quested dose records, they were only
on the second floor that the drum is
given information on external doses
full by pounding on a metal beam
with a hammer. Because of the noisy
(see below).
conditions prevalent in the plant, the
The urinalysis program used at
second floor operator does not al
the Fernald plant had several short
ways hear the signal. This results in
an overflowing drum of dusty mate
comings. Twenty-four hour urine
rial causing a cloud of radioactive
samples provide a good indication of
dust to fill the area which also goes3
how much uranium is in a person's
up the stairwell into the second floor.
See Workers, page 4
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body. However, 24-hour samples were
not regularly taken at Fernald. Instead.
the program relied on "Monday morn
ing" single samples. It was not re
corded which workers drank coffee
and therefore possibly diluted their
urine samples.
Another problem with the program
was the infrequency of the samples,
especially in the early years of plant
operation. After uranium is inhaled,
it is excreted from the body in dimin
ishing amounts over a period of time.
The amount of time it takes for an
inhaled material to be excreted de
pends on its chemical form. When
samples are taken only every few
months or even just once a year, as
they were in early years of Fernald
operations, it is possible for large
exposures to go undetected. As a result,
infrequent monitoring makes it im
possible to accurately determine the
magnitude of the exposure.
lEER developed a method to esti
mate radiation doses to the lung from
urine data by calibrating that data to
the direct lung count data that was
available after 1968. The concept was
developed by Bernd Franke in col
laboration with an lEER consultant.

Mike Thorne, who also created the
mathematical formulation of the
method. Kevin Gurney wrote the
computer program to manage the
enormous volume of data and run it
through the mathematical model.
lEER's conclusions were that doses
due to uranium inhaled by workers
were above then-allowable limits
(15 rem per year) in more than fifty
percent of the cases in every year
but one between 1952 and 1962. Sig
nificant proportions of workers
continued to suffer overexposure af
ter that. A chart of the proportion of
workers exposed to more than the
allowable limits due to lung burdens
of uranium is shown below.
The presence of large and variable
amounts of radon during lung count
ing appears to have created measure
ment errors in the records of inany
workers. Fernald's procedure for lung
counting included subtraction of
ambient external radiation readings,
including radiation from radon and
its decay products. However, differ
ences in radon levels between the time
that background measurements were
taken and the time that the lung count
ing was done could mean that the
actual lung burden may have been
higher or lower than reported. Such

Volý 5, No, 3
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fluctuations would tend to cancel out
in population dose estimates, such as
the ones that JEER made, which are
presented in this article. Further, the
result of subtracting high background
readings resulted in many negative
estimates of lung burden, which must
necessarily be rejected as false, as well
as a large number of low values be
low 5 milligrams, which IEER con
sidered to be too unreliable to use.
IEER's work took these statistical
problems in hlng count data into ac
count by omitting all lung burden
estimates below 5 milligrams. Worker
doses from radon and its decay prod
ucts would be in addition to those
from uranium lung burdens discussed
above, These remain to be estimated.

External exposures
In general, external exposures were
also not carefully monitored at the
Fernald plant. For instance, there was
a high potential for some workers to
experience significant external
exposures, especially to their hands.
Hand exposures were not calculated
at all until 1970, when some workers
began to wear wrist dosimeters. In
many cases, external dose records
indicate readings of zero. Without
further records and investigation, its
is not possible to assess
whether these meant that
Percent of Workers with an lnferred Annt.ual. Average 1Uraniu
there was no significant read
Lung Burden Correspondhng to a Lunrg Dose ! 15"
5Rein or i,
ing above background,
whether there were other
90
problems with the data, or
80
even whether some of the
70
data were fabricated (as was
LU 60
the case with some of the
z 50
uranium release data).
LU
40
One example of the
a_
30
problems of the external
20
radiation dose record dates
10
from the early 1980s. when
thermo-luminiscent dosim
eters (TLDs) were introduced
in place of film badges.
YEAR
Contamination of the TLDs
Source: B. Franke and K.R. Gurney, "'Estiniates of Lung Burdens for Workers atihe Feed MIaterials Production
by uranium
prevented
Center, Fernald, Ohio," (Takoma Park: lEER. ]994). p.8
See Workers, page 5
C' W.
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Workers, from page 4
accurate readings and so a "correc

tion factor' was introduced to the raw
dose reading. However, NLO used
the same correction factor for all work
ers regardless of the working condi
tions and duration of exposure during
the month. The result was that some

workers were, after "correction," es
timated to have negative radiation
doses. These records were apparently
referred to the Health Physics section
for further action, but it is still not
known what was done with the esti
mates. One possible outcome is that
a zero was entered into the dose record.
Concluding observations
Just after the presentation of IEER's
findings in court in 1994, the DOE
settled the lawsuit on behalf of NLO,
providing workers with lifetime

SciENCE FoR DEmocRA Tic A cTnON

medical monitoring, and other ben
efits. But the DOE has still not ac
knowledged that worker dose records
are severely flawed and incomplete.
So far as IEER has been able to de
termine, DOE and its contractors still
routinely fail to include estimates of
internal doses in worker dose records.
Therefore, in the nuclear weapons
plants were workers have been ex
posed to conditions that might cause
internal exposures, the dose records
would be systematically incomplete
and underestimate worker exposure.
In many epidemiological studies,
the assumption that film badge data
are a useful proxy for actual total ex
posure may not be valid. Inaccurate
external dose records, lack of dose
records for many high internal expo
sures, and the highly variable condi
tions of uranium dust to which workers
were exposed make film badge data

Neighborhood, from page 2
over the 34-year period from 1951
(when parts of the plant were started
up) to 1984 were about 200,000
pounds. The NLO estimate was in
creased to 300,000 pounds by 1987
after inclusion of estimates of some
of the most serious emissions during
the 1950s. There were a number of
evident deficiencies in these official
estimates. Among the more egregious
1
errors were:
N

An assumption that releases were
zero when there were no data.

0
l

signed to remove uranium from
highly acidic exhaust always
operated within manufacturer
specified efficiency, despite in
temal plant data to the contrary.
,•

The use of an incorrect formula
to calculate scrubber releases
under conditions of variable
efficiency.

*

Inclusion of fabricated data that
showed that releases were zero
at locations and times when no
measurements were being made.

*

A failure to account for poor dust
collector efficiency and frequent
problems with dust collector
equipment.

.*

Poor industrial hygiene practices,
such as leaving radioactive ma
terials to dry in trays in door
ways, and operating equipment
that was in poor condition.

An assumption that scrubbers de
For details see Arian Makhijaui Release Estimates of

Radioactive and Non-Radioactive Materials to the
Environment by thelFeed ,darerials rIr'tectionCenter

1951-85. (Takorna Park: Institute for Energy and
Environmental Research. 1988): and Arjun Makhijani
and Bemd Franke, Addendum to rhe Report 'Release
Estimates of Radioactive and Not-Radioactive

Materials to the Fnvirmnnent by the Feed MateriaLs
ProductionCenter 1951-85.' (Takoma Park: Insfitute
for Energy and Environmental Research. 1989).
R.-. Starkey, memorandum
ito A. Meredith. "Estimated
Stack Losses for DecemberI 19551". National Lead of
Ohio. 10 January 1956.

"2
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IEER was retained in 1987 by the
law firm of Waite, Schneider, Bayless,

suspect. Finally, worker records
contain almost no information about
exposures to non-radioactive toxic
materials, such as acids, metals, and
solvents, which are routinely used in
large quantities in weapons plants.
Nuclear weapons production in the
U.S. has involved about 600,000
workers, many of whom worked in
uranium and plutonium processing
facilities, where there were risks of
internal exposures. Identifying those
most at risk by estimating internal
exposures is a matter of elementary
justice and health protection. Efforts
must also begin to find groups at high
risk due to chemical exposure. Such
evaluations can lead to identifying
high risk worker groups. Medical
monitoring may provide early detec
tion for such workers who may
otherwise not suspect that they are at
risk until it is too late for them.

and Chesley to do some of the expert
studies for the class action lawsuit.
IEER's review of the historical docu
ments showed that plant officials were
aware of many of these deficiencies.
For instance, the use of the incorrect
formula for scrubber releases was
pointed out in a 1971 memo by a
plant engineer, who called it "inher
ently deceptive" because it resulted
in release estimates that grew smaller
as the scrubber efficiency deteriorated
the opposite of the truth. Figure 2
(next page) shows the actual releases
of uranium compared to the NLO
estimates for an example in which
uranium in the air going into the
scrubber was 100 kilograms.
A 1955 document pointed to early
problems with uranium release esti
mates: "We realize in most instances
that these estimates [for stack losses
from plants 4 and 7] are far below
your true stack losses." 2 Plant 7 was
shut down in 1956 due to operational
See Neighborhood, page 6
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problems. Plant 4 continued to operate
until Fernald shut down, and the
problem of corrosion of some dust
collector equipment by acidic exhaust
continued for decades.
The following example also illus
trates the poor industrial hygiene
practices at the plant:

Vol. .5, A10, 3
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Probably the worst housekeeping
problem in the facility is the Ball
Mill. The equipment leaks excessively
at practically every joint. All hori
zontal surfaces have a thick cover
ing of dust .... Since the ventilation
is inadequate and there is no proper
enclosure, a bucket was placed un
to help contain
der the largest leak
3
the spilled dust.
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Scrubber effciency %

Source: Makhijani and Franke, 1989
1 This is the amount of uranium in the gas going into the scrubber.

Such discharges of radioactive
instance, unmeasured losses over the
materials were not measured and were
plant's entire 37-year history were
disregarded in the official release
estimated at about 700
estimates and public
pounds, while an inter
reassurances.
:1'
V;
nal plant document
('
.
Under the glare of
stated that unmeasured
0 1 .
,.h 1)1t'cb"'
public scrutiny and the
losses were more than
!"
-/,S
4;"
class-action lawsuit,
that in a single month.
Westinghouse, the
During work on the
K 6-0.,
he
new contractor (and
t
lawsuit in 1988 and
th"; n?'.•i •1 's'().i / ,"(
not named as a defen1989, IEER focused its
/51/f,' ',./ 1
dant), revised the of
on estimating ura
work
( ?
ficial figures for the
losses, since that
nium
"" s'Kf
period
1951-1985
was the main material
.f
I
again and stated that
processed and data on
in
the releases were
other materials released
the range of 395.000
to the air were scarce or non-exis
to 552,000 pounds. While these esti
tent. We re-estimated losses from
mates were higher, they still disre
several important sources, notably
For
facts.
known
garded many
,:7!

3 K.N. Ross to J.E. Becketheimer. -Thorium Metal
Production Housekeeping," National Lead of Ohio, 8
Jlne 1970.
4 Unfortunately, the CDC did not ask for an evaluation
of exposures to non-radjoacise materials inits request
for proposals.
5 RAC prepared a number of draft and final reports
leading up to the draft 1996 report. The ones most
relevant to this article are: Voitllequ et aL, Femald
Dosimeon- Reconstruction Project: Tasks 2 atnd 3:
Radionuwlide Source Terms mad Uncertainties,Draft
Report (Neeses, South Carolinai Radiological
Assessments Coporation, 1993). and Killough et al.,
Fernald Dosimneot3 Reeonssrieciion Project: Taisk 6:
Radiartion Doses and Risks to Residents from FMPC
Operations jfrom 1951-1988. Draft Report (Neeses.
SouthCarolina: Radiological Assessments Coporation.
1996i.

scrubbers in the scrap recovery plant
(Plant 8). We also made an estimate
of uranium releases based on mea
surements of uranium in the soil around
the plant. Our work was admittedly
very preliminary, mainly since JEER
was unable to obtain most of the crucial
documents regarding plant operation
and pollution control equipment effi
ciencies. Moreover, the quality of the
data that we had was poor and some
of it was internally inconsistent.
Still, we concluded that the offi-

cial estimates were almost certainly
wrong. that the releases were higher
than the upper end of the official
estimate of 552,000 pounds, and that
uranium air concentration standards
had been violated on at least some
occasions. IEER estimated that ura
nium releases were in the range of
600.000 to 3 million pounds, with a
middle estimate of 900,000 pounds.
IEER also recommended further de
tailed work, since these estimates were
of a very preliminary nature.
The DOE, which defended the
lawsuit on behalf of the contractor,
NLO, settled the suit for $78 million
in mid-1989, but admitted no wrong
doing, or even any technical prob
lems in its own or its contractors'
work. (Under the terms of its con
tract with the government, NLO
was immune from all liability, includ
ing that arising from negligence or
violations of regulations.)
But the Centers for Disease Con
trol and Prevention (CDC) initiated
an independent study of the radiation
doses to the public arising from
Fernald's operation.' The final draft
report of that $4 million study, pre
pared by Radiological Assessments
See Neighborhood, page 7
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Corporation (RAC), was released in
August 1996.5 It corroborated IEER's
critique of the official estimates of
uranium releases to the air and greatly
narrowed the range, estimating it to
be 660,000 to 880,000 pounds, with
a best estimate of 750,000 pounds.
The table below summarizes the
various estimates for uranium releases
from Fernald. Only the best estimate.,
or middle estimate, made the by source
is shown,

Radon releases
The

RAC study also
estimated
releases of other radioactive materi
als. The most important was radon
222 releases from the K-65 silos used
for storing high radium-content waste
from Belgian Congo ores. The radium
226 in the silos decayed into radon
gas (as it continues to do). The dete
riorating structures and poor storage
conditions and practices (which were
partly rectified in 1979 and then again
in the 1990s) led to huge radon re
leases from the silos, notably in the
period from 1953 to 1979. There were
a few environmental measurements
of radon made in 1979. 1EER's pre
liminary work, which was focused on
uranium releases and plant compli
ance with regulations, missed this
significant source term. RAC's esti
mate of the radon source term for the

The K-65 silos at Fernald were used to store radium-bearing wastes which
emitted large amounts of radon gas, exposing both residents and workers to
radiation.

period up to 1979 is several thousand
curies per year. The cumulative ra
don source term estimate is 170.000
curies for the 1951-1988 period.

Radiation doses
While official DOE and contrac
tor reports claimed that no harm had

been done and that exposures to the
neighbors of the plant were well under
allowable limits, IEER's work found

SUM1MiAR-Y OF E2STIMATES 0OF URANIUM R!EL.EASES
Institution
NLO, early 1985
Westinghouse 1987
Westinghouse, 1989
lEER 1989
RAC 1993
RAC 1996

Uranium releases
to the air, pounds

Uranium releases to
surface water, pounds

200,000
300,000
400,000
900,000
1,000,000

160,000
160,000
160,000
not made
180,000

750,000

180,000

Sources: For discussion of all release estimates and detailed references,
except RAC 1993 and RAC 1996, see
Makhijani 1988 and Makhiijani and Franke 1989. Note that RAC published
draft estimates in 1993. which it
revised in 1995 and again (slightly) in 1996.
Note: Figures are rounded to one or two significant digits, as indicated.

that hypothetical maximally exposed
individuals near the site boundary were
likely to have been exposed above
allowable limits, especially during
accidents. Because LEER lacked the
documents regarding pollution con
trol efficiencies, particle sizes, and
chemical composition of the pollut
ants, as well as other factors, a reli
able detailed evaluation of population
risk could not be made. Moreover,
the main goal of IEER's work was
compliance assessment rather than
population risk assessment.
In August 1996, the Radiological
Assessments Corporation made
public its estimates of exposures to
various hypothetical individuals in sce
narios designed to typify living and
working patterns of people in the area.
The findings were that radon expo
sures due to huge releases of radon
gas from the K-65 silos were the main
source of increased radiation risk
to the population, especially for
people who lived there prior to 1980.
See Neighborhood, page 12
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Radiation Exposure at Fernald: The Dirty Details
his centerfold examines condi
w tc
~~~~Y i. Yft~f
Stions at the Fernald plant which
eleases.........
airborne
led to off-site releases of uranium and
other pollutants to neighbors of the
plant. As is evident from internal
memos by plant personnel (some of
which are quoted here), maintenance
of pollution-control devices was sub
was the most
oo)
important pathway
standard, poor record-keeping on ura
nium releases was common, and large
releases
aidUorne
off-site releases were known to have
occurred.
Airborne and liquid releases resulted
in exposure to neighbors of the plant
through inhalation, uptake through
crops, ingestion of milk from live
stock grazing on contaminated grass.
ingestion of fish or drinking water
from streams and rivers contaminated
with radioactive releases, and through
Source RAC 1996 Sup r
other pathways. Inhalation was by far
the most impor
tant pathway.
z
"ve
Effe'UfeDos C'mntrbvfimns From URWdýWlffl antd
analysis
An
Z;a~on Decay Pvcrmsj
of inhalation
doses to hypo
Scenarios:
1. realistic maximum inhalation ex
thetical popula
posure (within 1 mi. NE of site)
tions resulting
2. resident close to K-65 silos (1.2
EDI Uranium
mi. W of site)
from these ex
14
of uranium-contaminated
ingestion
3.
products
decay
SRadon
posures appears
The doae is the
well water (within 1.2 mi. S of
largeat for
site)
in the chart
scenario I1... 12
1%
average inhalation expo
realistic
4.
below. Radon
10~
sure from 1960-1988 (2.4 mi. NE
from the decay
of site)
2.7%
5. realistic low exposure to individual
of radium-226
32%
working outside area (5 mi. N of
in the K-65 si
site)
los located on
a671
6. garden irrigated with Great Mi
ami River water (1.9 mi. SE of
the site was the
site)
cause of the
7. garden irrigated with Great Mi
Radon de..ay
producta contribute
largest off-site
ami River water further from site
the largeat doae for
2
(6.2 mi. S of site)
doses. Inhala
8. child exposed from 1975 to 1988
tion of uranium
(2.5 mi, NE of site)
7
6
35
2
1
attending school near plant,
child
9.
dust was the
Scenario number
NE of site), living further away
(2.5
most
next
(6.2 mi. N)
important.
Source: RAC 1996, p. 84.
T
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Scrubber stack losses are now calcu
lated by weighing and analyzing the
liquorfrom the scrubbereach time it is
drained .... This method of calctla
tion can be in error by a considerable
amount because of changes in operat
ing conditions. The figuresobtainedare
inherently deceptive, because a scrub
ber operating at a vet, low efficiency
for a month would collect little ara
nium, thus showing a low loss, It were
then repaired and operated carefully
figr the next month. the calculations
would show a high loss, provided the
process conditions did not change.

"-

"Investigation of Methods of Measuring
and Reporting Uranium Losses to the
Atmosphere." Memo to A.F. Pennak from
E.W. Randle. National Lead Co. of Ohio.
3/12/71.

Workers at Fernald's low-level radioactive waste super compactor.

Between March 15, 1978 and June 14, 1978 "a significant
dust loss occurred in the Plant 9 dust collector serving the
NPRfurnace and the crucible burnout area." The cause of the
loss was "extensive damage to the blow ring assembly and
two bags pulled loose from their upper mountings."
-

WJ. Adams, "Incident Report Covering the Dust Loss in the Plant
9 G-901-1034 dust collector." memorandum to S.F. Audia, July
14, 1978.
..... .................

......................

...

Gas out
Larger

Low-level radioactive waste stored outdoors in 55-gallon
drums at Fernald.
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The 1955 discharge of 15.4 kg U. . .for Plant 1 is the total
measuredfrom the start of sampling in September through
December. No productionrecords are availablewhich would
provide a basisjbr extrapolating the four-month measured
loss to an estimate for the entire year. Therefore, the dis
charge measured in September-December is assumed to be
the dischargefor the entire year.
-

MW Boback: History of FMPC Radionuclide Discharges,
Nov. 1985.
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Plant B scrubbers were the largest source of discharges of
uranium at the Fernald Plant.
Sour=e RAC 1996, pt.15
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Dose Reconstruction and Epidemiological Studies
by Arjun Makhijani
The

basic objective of health studies
is to determine the nature and
degree of harm done to the health of
exposed populations. Broadly speak
ing, there are two different types of
studies that can be done, though there
are variants within each category:

and dose reconstruction studies about
DOE facilities:
.

While some data on the principal
radionuclides (such as uranium
or plutonium isotopes) generally
exist, there are often no data on
non-radioactive toxic materials,
nor on many radioactive materi
als that were used, processed, or
incidentally present.

i*

Populations are often exposed to
more than one disease-producing
agent, and the synergistic effects
of these agents are essentially un
known. Sometimes people are
exposed to the same disease pro
ducing agent from multiple
sources.

I. Epidemiological studies. They
analyze disease patterns in exposed
versus unexposed populations.
2. Dose reconstruction studies. These
attempt to determine the risk of
disease by estimating the exposure
to a disease-producing agent like
radiation.
Epidemiological studies (or "epi"
studies for short) may be done with
out reference to dose reconstruction
studies by simply examining disease
patterns in populations working in or
living near facilities. Epi studies may
also be done subsequent to dose re
construction studies. Dose reconstruc
tion can help epi studies group together
exposed populations more precisely
and thus reveal disease patterns that
may remain hidden without such dose
data.
Dose reconstruction studies are
not dependent on epi studies. How
ever, since there are often great
uncertainties in exposure estimates.,
dose reconstruction studies by them
selves sometimes do not settle the
issue of whether the exposures re
sulted in demonstrable harm to the
exposed populations. Sometimes it
may be desirable to do an epi study
after a dose reconstruction study.
This is a difficult decision that de
pends on a judgment about the
prospects of determining with reason
able certainty whether or not one or
more of the exposed groups have
suffered increased risk of one or more
diseases.
There are a number of basic com
plications that arise in doing both epi

ýt.. Non-cancer effects of toxic ma
terials are., in many cases, only
now beginning to be understood,
and are all too often ignored due
to lack of knowledge.
f

For a variety of reasons, there
are usually large uncertainties
about the effects of low levels of
exposure.

Studies of off-site populations are
generally more difficult than those of
workers because there are no direct
measurements of doses for such popu
lations. Worker doses can be estimated
from a variety of data such as film
badge readings, urinalyses, and di
rect measurements of body burdens
of radioactive materials via whole
body or lung counting instruments.
For off-site populations, such direct
measurement data generally do not
exist, Therefore, dose reconstruction
studies for off-site populations must
begin with examination of data
regarding releases of harmful sub
stances ("source term" data) as well
as measurement of these substances
in the environment ("environmental
monitoring" data). Source term and

environmental monitoring data are
complementary and can provide checks
on each other. They must be coupled
with knowledge of the behavior of
the harmful substances in the envi
ronment and the manner in which each
pollutant reaches people ("pathway
analysis").
As if the problems of doing dose
reconstruction and epi studies were
not complex enough, studies involv
ing DOE weapons plants are typically
plagued by additional complications.
The lack of sufficient data, poor quality
of data, poor record keeping practices,
and even data fabrication in some
cases, create severe complications.
Classification of and restricted access
to data frequently pose additional
challenges.
What should community groups
look for in health studies? And how
can you tell what kinds of studies
should be done? Sometimes the ques
tion is even more basic: should the
studies be done at all or would the
money be better invested in medical
monitoring, for instance?
There are no simple, general an
swers to these questions, but there
are some guidelines for determining
whether the studies are being carried
out in a scientifically sound manner.

Determining Exposures
It is essential that exposure esti
mates be based on the raw data,
whether this is exposure data for
workers, or some combination of
environmental monitoring data and
source term data for off-site popula
tions. The expression ;source-term"
means the amount of a harmful
substance released by a facility.
The quality of the data and its ad
equacy in establishing meaningful
estimates must be carefully assessed.
For instance, until about 1970, it was
See Doses, page 11
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not uncommon to monitor the air at
specific locations off-site for only an
hour or even less each month. Such
monitoring would not be able to de
tect process releases that are expected
to occur only over short periods of
time, or accidental releases that by
their nature usually occur over short
periods. If, moreover, source term data
are of poor quality, as they typically
were in DOE installations that IEER
has studied, then estimation of doses
becomes very difficult. (See the ac
companying article on the neighbors
of the Fernald plant.)
In general, individual or small
population doses are far more diffi
cult to estimate than large population
doses. In such circumstances it is less
difficult and sometimes more perti
nent to examine whether then-prevail
ing or current standards for exposure
to radioactive or non-radioactive toxic
materials may have been violated. For
instance, the average air concentra
tion at the plant boundary for ura
nium or some other radioactive
material might be determined and
compared to regulations.
In assessing doses to off-site popu
lations, one should:
1

Examine environmental monitor
ing data for air. water, and soil
as well as source term data over
time.

2.

Compare environmental monitor
ing data and derived environmen
tal concentrations (from models)
to then-prevailing and current
environmental standards. These
standards are derived from dose
limits, so that it is possible to
infer hypothetical doses to a per
son exposed to such concentra
tions by comparing measurements
with the regulatory concentration
limits.

3. Evaluate data for accuracy and
completeness:

SCIENCE FOIR DEmO CRA TiCx ACTimov
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Have all the relevant radioactive
materials been measured?"
Have all the relevant non-radio
active materials been considered?

Ithese uncertainties have been
quantified.

A community is often faced with
a question of whether an epi study
should be done following a dose re
If data are not available for some
construction study. This question
materials, has there been an
cannot be answered in general, ex
attempt to infer the potential
cept in the case of "small" popula
magnitudes of the
tions, where there are not
releases or poten
enough people for a sta
tial air concentra
tistically
sound study to
tions from other
out. An epi
be
carried
I'I',u
data? If not, has
study is not unlike an
there been some
opinion poll, only it is a
way to assess the
i),'.L•
"poll of the body's func
importance of the
tioning. Since there are
material in question
considerable differences
to the exposure?
in the way different people
4. Determine whether
respond to disease
all exposure pathways have been
producing agents, there must be suf
considered and the relative
ficient numbers of people in an epi
importance of each has been es
study to determine with a reasonable
timated. The pathways include di
certainty if there is an increased risk.
rect exposure via air and drinking
Second, an epi study is not likely
water, exposure in various ways
to yield a statistically significant re
via contaminated soil, exposure
sult if there are great uncertainties in
via contaminated food, and ex
the estimates of doses in the exposed
posure after concentration in the
populations. If the exposed people
food chain (as happens, for in
cannot be grouped into appropriate
stance, with iodine-131 or with
dose ranges, then estimation of in
some organic, non-radioactive
crease in risk becomes very difficult.
pollutants),
This is especially the case if a small
proportion of highly exposed people
5. Examine whether non-cancer and
are mixed in with a far larger number
synergistic effects have been
of people with relatively low expo
analyzed or even mentioned.
sure. Studies must structured so as to
6. Examine whether the accidental
provide reasonable assurance that
releases from the plant were ac
exposure to materials for which data
counted for and if their effects
do not exist will not vitiate their
on maximum exposure been
results.
considered.
IEER's experience studying off
site populations by performing dose
7. Compare the risk factors that are
reconstruction studies indicates that
used for exposure to low-levels
at least for the U.S. nuclear weapons
of radiation or to non-radioactive
complex, the environmental monitor
toxic materials with the regula
ing records and source term estimates
tory literature.
are often too poor to yield satisfac
8. Look for a discussion of
tory estimates of doses to exposed
uncertainties both ways: that is,
populations. It is quite possible
ways in which doses and risks
to estimate compliance with regula
could be higher and lower than
tions, but such estimates cannot be
those calculated and whether
See Doses, page 16
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It is noteworthy that radon was not
even evaluated as a source of pollu
tion caused by the Fernald plant
until the series of RAC studies in the
1990s. Radon probably also caused
significant exposures to workers at

the plant, a matter that remains to be
addressed (see accompanying article
on workers).
Doses due to uranium exposure
by inhalation were the next most
important factor., with other radioac
tive materials and pathways being
judged relatively low. The table,
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"Comparison of Cumulative Effective
Dose Contributions from Uranium
Exposure Mode and Radon Decay
Products" in the centerfold shows the
exposures for various scenarios as
calculated by RAC. The increased
risks of cancer-especially lung can
cer-are substantial in all cases. In
many cases, they are comparable to
the risks from smoking.
Concluding observations
The history of studies of exposure
to Fernald's neighbors show that the
reassurances of the DOE and its con
tractors-that the nuclear weapons
plants were operated safely and in
compliance with applicable health and
safety laws and regulations-should
not be taken at face value. The work
of IEER, RAC, and others at other
nuclear weapons plants indicates
that DOE and contractor estimates
of releases of radioactive materials
are generally underestimates, and
are riddled with faulty data, poor sci
ence, and calculational mistakes and
inaccuracies.
Despite the settling of the lawsuit
against the contractor of Fernald for
$78 million of taxpayer money, con
cerns remain. Many studies have re
pudiated DOE and contractor work,
showing elementary scientific flaws
in it, but neither the DOE nor any of
its contractors have discussed what
went wrong, much less how the re
currence of scientifically dubious and
misleading studies might be prevented.
Many issues, such as the exposure of
residents to non-radioactive pollutants
and non-compliance of the plant with
environmental regulations, remain
unaddressed.
The DOE and its contractors need
to put their work in the perspective
of the findings of the independent
Fernald studies. That should be the
first in a series of steps they take to
create a system that would produce
V
sound environmental science.
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3. Radon
a. A new brand of designer sun
glasses.
b. The little-knov, n singing/comedy
group started by Ray Charles and
Don Rickles.
c. A corrupted form of "Raid On."
used during Viking days to give
the signal to the conquering troups
to attack villages.
d. An invisible, ordorless radioac
tive gas which is the result of the
radioactive decay of radium-226.
Wastes from uranium production
from ore contain radium-226 and
hence emit radon-222 gas.

a.

The scientific examination of epi
grams and other witty sayings.
b. The teachings of the Episcopal
Church.
c. A very narrow subfield of seis
mology which concentrates on
predicting within a few yards
where the epicenter of earthquakes
will be.
d. Short for "Epidemiological Stud
ies." Epi studies analyze disease
patterns in exposed versus unex
posed populations,
2. Thermoluminiscent Dosimeter

(TLD)
a.
b.

The latest Seattle grunge band.
A thermos bottle with a light meter
that indicates when you've had
too much coffee.
c. L.L. Bean's line of neon
long johns.
d. A device to measure ex
ternal gamma radiation
which is used for per
sonnel and environ
mental monitoring and
which can be re-used
after the dose is read.

4. Dc•se Limits
a.
fhe opposite of "dese limits."
b. VVhat you've reached when you

Ist said no.
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c.

The maximum amount of nap
ping an individual can tolerate.
d. Regulatory limit set on the amount
of radiation that an individual may
receive from artificial sources (ex
cluding medical devices). Worker
radiation exposure limits are
higher than general population
limits.
5. Film Badge
a. What one receives after surviv
ing a marathon film festival.
b. What you win for having the most
impressive bathtub ring.
c. What censors wear when they're
monitoring the entertainment in
dustry.
d. What someone wears when
they're not a real cop, but they
play one on TV.
e. A device containing film strips
which are sensitive to gamma and
beta radiation, and which are
mounted on a holder and worn
by workers to measure the exter
nal radiation dose they receive.
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A justifiably confused reader from Los
Angeles, CA writes:
Dear Arjun,
What is this new unit, the
"Selvin," which crops up in the lit
erature nowadays?
-JCW in Los Angeles
Dear JCW,
The term was a new one to me,
but I see that it was included in two
letters to the editor in the 3 May 1996
issue of Science magazine:
The annual dose increases by about
50 micro Selvins for each 1000-foot
increase in the altitude
And:
... most of the excess cancer
deaths ... pertain to survivors with
very high doses, that is, doses greater
than 1 Selvin (Sv)...
After some thought on this new
term I wondered if someone had
confused "sieverts" and "kelvin" to
erroneously create the new term,
"selvins." Sure enough., two weeks
after the letters were printed, Science
ran a correction, admitting the error
was introduced during editing.
But as long as we're on the sub
ject, you might ask:
Dear Arjun,
Just what is a sievert, and where
can I get one?
Many years ago, before the inven
tion of Dramamine. sea sickness suf
ferers endured nightmarish journeys
when their commutes required boat
travel. At first the problem was not

well understood. It was thought that
they simply suffered from vertigo
which happened to strike at inoppor
tune times during ocean travel. Even
tually the term "Sievert" was adopted
to describe this condition of "vertigo
at sea."
These days, sievert means some
thing a bit different. A sievert
(abbreviated Sv) is a unit of equiva
lent radiation dose equal to 100 remis.
Sieverts measure the biological dam
age done by ionizing radiation. When
high energy electromagnetic radiation
(called X-rays and gamma rays), elec
trons. positrons, neutrons., or alpha
particles (helium nuclei) strike living
cells they deposit energy in those cells
and cause damage. The amount of
energy deposited is measured in grays
or rads (1 gray = 100 rads). The bio
logical damage depends on the kind
of radiation. Generally neu
trons and alpha par
ticles cause more
damage per unit
of energy depos
ited. The radiation
dose measured in
energy units is mul
tiplied by a "quality
factor" to account for this
variation in biological dam
age to yield a unit called
sieverts (or reins). So we
have:
sieverts = grays
multiplied by the quality
factor;
reins = rads multi
plied by the quality
factor.

One sievert is a large radiation ex
posure. A sudden exposure to one
sievert would produce observable
symptoms (also called non-stochas
tic effects) such as hair loss, nausea,
and lowered white blood cell counts.
Radiation doses below 0.1 to 0.5 sievert
(10 to 50 rem) do not produce imme
diate observable effects, but increase
cancer risk and risk of genetic dam
age. The first observable effect is
lowered white blood cell count and
occurs at about 0. 1 sievert. Radiation
doses delivered slowly (over a period
of days or longer) generally do not
produce non-stochastic effects. Natural
background radiation from all sources
at sea-level is about 0.001 sievert per
year.
Cumulative low dose radiation can
add up to quite large doses without
producing non-stochastic effects. The
effects of such low dose radiation are
calculated in terms of cancer risk
to exposed populations by
adding up all the individual
doses received within a par
ticular population group (such
as people living in an area
or workers in a
particular plant).
Such total popula
tion doses are mea
sured in "person
sieverts." simply to
indicate that doses
of many individu
als are being added
*
up, without consid
eration for differ
ences in individual
response.
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Dear Readers:
I'm afraid I've been feeling a little scrambled lately since I haven't
had much mail, I
understand many of you fill out the Puzzler, but often don't send it
in! I have many
unclaimed $10 prizes here-just waiting to be sent to all you puzzle-playing
activists.
(Or if you don't want the $10, you can send in your answer with a note
saying so.) But
don't hesitate to submit your answer! Remember, these days you can
reach me by fax
or e-mail in addition to regular mail, pony express, carrier pigeon,
or whichever
method you prefer. I hope to hear from you soon! J.
.

The Pi.zzkt-:
How about a few numbers for a change of pace? In this puzzler, you can sharpen your math skills by
calculating uranium releases from a DOE plant. Don't fear-Dr. Egghead
has asked Gamma, the trusty
dog, to help you out. Details for submitting your answers are below.
Good luck! We look forward to
hearing from you!
An air pollution control device typically consists of some kind of filter
that traps pollutants. Consider a bag
filter into which polluted air is flowing at the rate of 20 cubic meters
per minute with a uranium dust loading
of half a gram per cubic meter. (That is, there is one half gram of
uranium dust per cubic
meter of air.) The filtered air is exhausted through a stack. The filter has
an efficiency of 70%.
Regulations require the plant to keep its daily stack emissions below 1.5
kilograms per day.
The plant's managers have calculated that they are in compliance. But
your sleuthing dog
Gamma says they didn't do their math right. Is Gamma right? How
much is the plant
emitting?
(Assume 24-hours per day operation and remember I kilogram = 1,000
grams.)
Advanced question: Assume that the air coming out of the stack is
diluted by a factor
of 10,000 by the time it reaches the plant boundary. The standard
for air quality at the
boundary for uranium is 0.005 picocuries per liter. Will the standard be violated?
(Assume the uranium is natural
uranium. Remember that the specific activity of natural uranium is 0.67
microcuries per gram. Also remember
I cubic meter = 1,000 liters.)
Complete the puzzle and submit answers by mail, fax, or e-mail by November 25. 1996 to Pat Ortmeyer, 6935 Laurel
Avenue,
Takoma Park MD 20912. Fax: (301) 270-3029; e-mail: ieer@ieer.org. LEER
will award 25 prizes of $10 each to people who send
in solutions to the puzzle, right or wrong. There is one $25 prize for a correct
entry, to be drawn at random if more than one correct
answer is submitted. There will be an extra $25 prize for a correct entry
to the advanced question.
Answers to the Last Atomic Puzzler (Vol. 5, No. 2) Across: 3. Reykjavik;
5. Uranyl; 7. Radiographic;

9. Safety and
Reliability: 13. Class A; 15. Information; 18. NIF; 19. New; 20. Oxide; 21. Zero;
24. Remanufacturing; 25. Kidder; 27.
777; 29. Inertial Confinement. Down: 1. Hydrodynamic; 2. DARHT; 4. Primary;
6. Livermore; 8. Japan and India; 10.
Neptunium 237; 11. Low; 12. Transuranic; 14. SBSS; 16. Intent; 17. Hexafluoride;
22. One point; 23. Density; 26. Aging;
28. Yield. Winner of $25 prize: Percy Fountain of Bowie, MD.
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Doses, from page II
satisfactory bases for epi studies. Thus,
the prospects for epi studies of off
site populations yielding reliable re
sults are in many cases not very good,
This conclusion must be a tentative
one since we have not studied the
majority of DOE plants.
In sum, while dose reconstruction
efforts to determine the broad out
lines of potential damage seem
worthwhile, epi studies of off-site
populations should be approached with
much more caution as they are likely
to yield inconclusive results and may
even yield falsely negative results. That
is, they may indicate no harm, when
some individuals have, in fact, been
harmed. When there are large uncer
tainties due to lack of sound data, it
is important to give the communities
the benefit of the doubt.
Epi studies on workers should
be done only after a thorough re
evaluation of exposures, including
internal exposures. In our study on
Fernald workers, we found that worker
dose records did not include doses
that could be inferred from available
urine and lung-counting data. Radon
exposures were also not included.
(See the accompanying article in

this issue.)
tors need
records so
doses are

The DOE and its contrac
to update worker dose
that estimates of internal
included in them. Such

corrected records would provide a far
better basis for worker health studies
and health protection than is currently
available.

coM' Nci;AND C)ONGS ATJ'f
IEER has said goodbye to some
good friends this year and has been
joined by two new staff members
in the last several months. Hisham
Zerriffi, author of LEER's Tritium
report and our study on the SBSS
program (see SDA Vol. 5 Nos. 1
and 2), left lEER in May to pursue
a graduate degree at McGill Uni
versity in Montreal. We all miss
Hisham and wish him well in his
studies.
In July. Marc Fioravanti joined
IEER as the new Staff Engineer.
Marc holds an undergraduate de
gree in Civil Engineering, an MA
in Environmental Fluid Mechanics
and Hydrology, and an Engineer
Degree in Environmental Engineer
ing-all from Stanford University.
His particular interests are alterna
tive energy. environmental technol
ogy, and community-based work.
His current work includes research

E

on the cleanup of the DOE weap
ons complex, and technical support
of lEER projects.
In June Anita Seth joined the
staff as Global Outreach Coordina
tor and managing editor of our in
ternational newsletter, Energy &
Security. Prior to her work at IEER,
Anita was a junior fellow at the
Carnegie Endowment for Interna
tional Peace working on Russian
and Ukrainian security issues.
Finally, LEER's Executive Di
rector, Bernd Franke, who is also
president of the ifeu Institute in
Heidelberg Germany, moved to the
U.S. in August. Bernd will be
working primarily on radiation stud
ies. In addition, he is continuing
his work on municipal solid waste
issues and life-cycle assessment
projects with ifeu.
For a complete list IEER's staff,
see page 2 of this newsletter.

The Institute for Energy and
Environmental Research
6935 Laurel Avenue
Takoma Park, MD 20912
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Worker Radiation Dose Records Deeply Flawed
BY ARJUN MAKHIJANI AND
BERND FRANKE

s part of its responsibility for
the production and testing of
nuclear weapons, the Department of
Energy (DOE) and its predecessor
agencies (the Atomic Energy Com
mission, 1947-1974; and the Energy
Research and Development Admin
istration. 1974-1977) have been re
sponsible for ensuring that workers
were not exposed to more than the
allowable amounts of radiation. The
DOE has also been responsible to
adhere to what is called the "ALARA"
principle-the idea that radiation
exposures should be kept "As Low
As Reasonably Achievable" with
available technology.
The goal of setting radiation dose
limits and following the ALARA
guideline is to protect worker health
by limiting exposure. But if exposure
is not properly measured, radiation
exposure regulations cannot be en-

A worker at the Plutonium Finishing Plant at Hanford, Washington receives
a whole-body survey to detect potential radioactive contamination.

forced, nor can guidelines be followed.
Health monitoring personnel may not
be aware of instances when workers
are overexposed. Diseases that work
ers may be at greater risk of contract-

Editorial

Identify Groups of Workers at Risk

A

s notedtheinDepartment
the accompanying
ar
ticle,
of Energy
has stated that it did not calculate in
ternal doses for workers, and there
fore did not integrate them into dose
records until 1989. This single fact
means that historical worker dose
records for 500,000 to 600,000 DOE
workers are open to question and that
a large number of them-those be
longing to workers at risk of internal
exposure-are flawed.
The DOE was not actually required

to do such integration of internal and
external doses, as we note in the ar
ticle. Still, in the 1950s it was pos
sible to crudely calculate internal
worker doses and enter them into
worker dose records (though such
estimates would often have underes
timated exposures). Relatively precise
estimates were possible after the mid
1960s by matching up urine data with
direct measurements of lung burdens,
as LEER did in the case brought against
See Editorial, page 2

ing may go undetected, harming them
and their families. Health studies based
on worker dose data would produce
misleading results because dose
records would be incomplete and
knowledge of doses would be inac
curate.
From the beginning of the nuclear
era until 1989, radiationdoses from
radioactive materials inhaled or in
gested by workers" were not calcu
lated or included in worker dose
records. This was revealed by DOE
in a background paper sent to JEER
on April 7. 1997.' DOE and its pre
decessor agencies did make measure
ments of internal exposure to
radioactive materials, though often
sporadic (see below), mainly by taking
urine samples. After the mid-to-late
1960s, there was also selective use
of more sophisticated counters that
See Worker Doses, page 4
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Editorial, from page I
National Lead of Ohio by workers at
the Fernald Plant in 1991. (See SDA
Vol. 5 No. 3). But the AEC. its suc
cessor agencies, and their contractors
did not make the effort until 1989.
when new regulations required it.
As the case of iodine-131 in fall
out out shows, (see article, p. 3) the
nuclear weapons establishment chose
not to properly inform the public about
the risks and sacrifices that it was
imposing upon them. The counter
part for workers of the
__
public relations camRelative
ly
paign that accompa

nied
atmospheric
testing was constant re-

E

and its contractors have used incom
plete dose records to argue uts case in
compensation cases and other law
suits. It is improper for the govern
ment to continue to fight workers'
claims based on exposure data that
systematically underestimated doses.
A review should be conducted to de
te•mine if DOE or its contractors have
presented any pre-1989 records as
accurate data on internal worker doses.
Private industry failed to calculate
internal worker doses until the
199 1-1994 period. We

PrIeCiSe

estlun at 91JS
intern doses
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have not examined any
set of data -alating to
workers in the private

sector of the nuclear in
assurances that doses
dustry. The industry's
were under allowable iere ]Os(-1We ,fter failure to measure in
limits-and vigorous
the Iml '960s.
ternal doses needs to be
contestation of worker
___
reviewed and an assess
compensation claims
ment should be made
even though the DOE and its prede
of its impact on workers.
cessor agencies had failed to do their
There are two rays of hope in this
homework on what worker exposures
dismal picture. One is that DOE be
actually were, and though relatively
gan in 1989 to incorporate internal
accurate estimates were possible af
dose estimates into worker dose
ter the mid-1960s.
records. The other is that DOE and
It is time for the DOE to straighten
its predecessor agencies appear to have
out the mess by commissioning an
taken sufficient measurements to
independent assessment of the state
enable group worker doses to be ap
of internal and external dose data. Si
proximately calculated, at least in the
multaneously, the DOE must expedi
one instance where IEER has had
tiously review workers' records to
access to the raw data. Since its in
determine which groups of workers
ception, the DOE has made some effort
who labored to make and test this
to track individual worker exposures,
country's huge nuclear arsenal were
which has undoubtedly resulted in
at risk of high internal exposures and/
lower overall exposures then would
or high lifetime exposures. The re
have occurred if no effort were made.
construction of individual worker doses
But these measures have been grossly
would be a very costly and difficult
inadequate. If the DOE can spend $4.5
exercise, which would in many or most
billion a year on laboratory testing
cases also be frustrating because huge
and computer simulation of nuclear
uncertainties will inevitably remain.
weapons, which we have found to be
That is why we advocate the calcula
essentially unnecessary for maintain
tion of doses to groups of workers to
ing safety (See SDA Vol. 5 No. 2),
determine at-risk groups for the pur
it can find the resources to do justice
poses of medical monitoring and., if
to the people exposed to radiation while
warranted, compensation. That way
building nuclear weapons.
most resources can be devoted to
-ARJUN MAKHIJANI AND
workers rather than technical studies.
BERND FRANKE
It is also possible that the DOE

r
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Let Them Drink Milk
Iodine-131 Doses from Nuclear Weapons Testing
BY PAT ORTMEYER

.. it seems necessary to adopt a
rather conserv.ative attitude toward
the involuntary exposure of the gen
eral populations. An error on the
radical side will not be immediately
apparent, but the chickens will inevi
tably come home to roost at some
later date.
Howard L. Andrews.
National Institutes of Health,
September 13, 1953'
he National Cancer Institute
(NCI) recently released results
of its 14-year study showing that fallout
of iodine- 131 from atmospheric tests
conducted in Nevada in the 1950s and
early 1960s resulted in thyroid doses
to virtually all of the 160 million people
living in the United States at the time.
The estimated 150 million curies of
iodine-131 released from the tests re
sulted in a cumulative average thy
roid dose to the population of 2 rad.2
Children were particularly affected:
their doses averaged 6 to 14 rad, with
some doses as high as 112 rad. Prior
to this study, the most recent esti
mates of children's thyroid doses from
iodine-131 in fallout, reported to
Congress in 1959 and cited as recently
as 1997, gave a dose range for chil
dren of 0.2 to 0.4 rad- 15 to 70 times
less than the NCI dose estimates. 3
(Note: These are estimates of thyroid
doses, not whole body doses. See
Centerfold table on dose.)
Thyroid irradiation increases the
risk of cancer to children. A 1995
peer-reviewed publication says there
is "convincing evidence" of increased
thyroid cancer risk to children under
age 15 whose thyroids are exposed to
10 rad or more.4 This study mostly
concerned individuals exposed to ex
ternal radiation sources such as X
rays, but the effect on tissues from

ionizing radiation from internal sources
is essentially the same. 5 (See foot
note for full explanation.)
Thyroid cancer is relatively rare,
but the NCI estimates that 10,000 to
75,000 thyroid cancers can be expected
as a result of these doses, roughly
five to ten percent of which will be
fatal. (The upper estimate of 75,000
is more plausible, since the lower
estimate assumes that internal radia
tion doses from iodine-131 are "as
little as one-fifth as hazardous" as the
same dose of external radiation. 6 This
assumption is very dubious, not based
on human data, and not protective of
public health.) About 70 percent of
thyroid cancers due to iodine-131 fall
out have yet to be diagnosed, accord
ing to the y•,
and survivors of
thyroid cancer require lifelong treat
ment with a synthetic thyroid hor
mone essential for metabolism and
other physiological functions. Thy
roid irradiation has also been linked
to other thyroid disorders, such as au
toimmune hypothyroidism, autoim
mune thyroiditis, hyperthyroidism
incident to Grave's dis
ease, and thyroid nod
Sowne
ules.8 Estimates of the
level of dose at which
highe,sl

these effects occur vary

considerably.
Whii,' NCI has not

estimated the number of

doses in

cheese, or leafy plants and vegetables.
But the main pathway of exposure
was through ingestion of contaminated
milk. As fallout settled on fields and
pastures after each test, cows and goats
would eat the grass and the iodine
would become concentrated in their
milk. Children received higher doses
because in general they consumed
more milk than adults, and their thy
roids were smaller and growing more
rapidly. The estimated 20,000 people
in the country at the time who drank
goat's milk also received higher doses
-up to 20 times greater than those
drinking cow's milk-because goat's
milk concentrates iodine-131 more
than cow's milk.' 0 Doses to goat's
milk drinkers could, in the most af
fected counties, have been as high as
180 to 316 tad.
High doses were not limited to those
areas directly downwind of the tests.
Local precipitation or wind patterns
in areas far from the test site caused
selective deposition of fallout, or "hot
spots," a phenomenon understood by
the Atomic Energy Commission
(AEC) from the time

of the
thyroid

the country
14'ere ir7areasfar
from• t• re test site.

children who were put
at risk due to fallout,
simple demographics coupled with the
published numbers indicate that mil
lions of people who were under 15
during the period in question may
have received over 10 rad. Doses to
girls may be of particular significance,
as the incidence of thyroid cancer
among women is more than twice that
9
of men.
Iodine can be inhaled, or ingested
through contaminated eggs. cottage

of the first test, "Trin
ity," in 1945. As a
result, some of the
highest estimated thy
roid doses in the coun
try were in areas far
from Nevada, such as
in Meagher County,
Montana, with an av-

erage dose of 15.8 rad, and Custer
County, Idaho with 15.4 rad. Other
high doses were estimated through
out the midwest: 8.6 rad in Lyman.
South Dakota (26 to 60 rad for chil
dren), and 8.1 rad in Lewis County,
Missouri (24 to 57 rad for children).''
The Atomic Energy Commission
understood early on that locating the
test site in the western part of the
See Milk. page 11
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Worker Doses, from page J
directly measure radionuclides in
workers' bodies. The DOE was not
required by regulations to calculate
worker doses, but only to keep records
of whether workers were internally
exposed to more than certain amounts
of radionuclides.
The lack of historical internal dose
data in worker dose records has im
portant consequences for public
policy on health issues, for scientific
investigations of radiation risk, and
most of all for the more than half-a
million workers (and their families)
who have been involved since the
Manhattan Project in making and
testing US nuclear warheads. In 1989,
DOE began to correct this historical
problem by initiating a program of
integrating internal and external worker
doses.

the body and decay, irraciating nearby
in urine. If one knows the rates of
tissues. Internal radiation is often more
excretion corresponding to various
organ-specific than external radiation.
body burdens, then is possible to
If the radionuclides become lodged
calculate these body burdens and
in particular parts of the body, such
thereby infer the radiation dose.
as the lungs or bones, for instance,
Another method is to measure the
these areas are irradiated far more than
gamma radiation being emitted by the
others. Risk of internal exposure is
radionuclide inside the body. Since a
high in workplaces where the air
portion of gamma radiation penetrates
becomes contaminated with radioac
the body, a fraction of the gamma
tive materials or dust, as has frequently
rays emitted by radionuclides inside
occurred in various kinds of uranium
the body escape outside it. This is
processing plants and in uranium
measured by putting the worker or
mines. Workers can
___-_-_part of his or her body
also be exposed inter
into a "counter," which
nally through ingestion From. the beginfling is a chamber that mea
of radioactive materi0the ni.1C lear era sures gamma radiation.
Of
als (if the radioactive until .198
Thus, we have "whole
.9, interl
materials get into the
body counters," "lung
mouth from the air, for radiationi OseS weae counters.," and so on.
example) or by absorpC
taken to
?ii Cated oi" Care must be
tion through wounds or
ech
exclude or adjust for
worr'•F other sources of envi
cuts.ilhde

Exposure Limits

Internal exposure is
dhuse i
less likely in situations
where the radioactive
materials are scaled or separated in
some other way from the work envi
ronment, such as in glove boxes.
However. if accidents occur in these
situations, or if equipment such as a
ventilating system or glove box is
not efficient or in proper working
order, then workers could be exposed
internally as well.
For almost the entire period of
nuclear weapons production, limits
have been imposed on exposure from
both internal and external routes. Some
current limits apply to combined ex
ternal and internal exposure, while past
limits have applied specifically to par
ticular organs, such as the lungs. For
instance, the limit for lung exposure
until 1958 was 15 rem per year for
workers and off-site populations. It
was lowered for off-site populations
to 1.5 rem per year in 1959.

Limits for allowable exposure have
varied over the years, and have gen
erally tended to decline as evolving
knowledge about the cancer risks from
radiation indicated that the dangers it
posed were greater than previously
thought. (See Centerfold.) In order to
ensure that workers are not overex
posed, the most important routes of
exposure must be properly monitored.
Consideration must also be given to
the fact that ionizing radiation affects
people in various ways.
When only external radiation is
involved, measurement of worker dose
is accomplished by the use of film
badges, (small photographic plates
sensitive to gamma and beta radia
tion), or thermoluminiscent dosimeters
(reusable devices that measure exter
nal radiation-also referred to as
TLDs). These devices can measure
how much radiation a worker has been
exposed to, but not the amount of
radiation that may have been taken
into the body through inhalation, in
gestion or other means.
Internal radiation exposure occurs
when radioactive materials get inside

Monitoring Doses
Internal dose is monitored in vari
ous ways. One common way is to
measure radionuclide concentrations

k0rds.

ronmental radioactivity
in the measurement of
internal body burdens,
notably radon and its decay products.
Internal doses ,an also be assessed
indirectly by measuring the concen
trations of radionuclides in the air in
the plant. In areas where exposure is
more likely, workers can wear por
table air monitoring devices to mea
sure concentrations of radionuclides
in the "breathing zone"-that is, in
the air very close to their faces. Inter
nal worker doses can be estimated if
breathing rates, efficiencies of pro
tective devices worn by workers (if
any), and other factors are known,
It is essential that radiation moni
toring be carried out accurately and
in sufficient detail. For instance, film
badges and TLDs must be stored
properly when not in use. so that they
are not contaminated between worker
exposure times. Also. workers at risk
of internal exposures must be moni
tored frequently enough to accurately
determine internal body burdens of
radionuclides. This is because over
time the body eliminates radionuclides;
See Worker Doses. page 5
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Worker Doses, firom page 4
some are excreted irn a very short time,
while others are eliminated very
slowly. (The amount of time it takes
to eliminate half of the body burden
of a radionuclide is called its biologi
cal half-life.) It is also important to
know the chemical form of the in
haled or ingested radionuclide because
the rate at which it is eliminated from
the body depends on the solubility of
the particular chemical compound.
Failure to Monitor
The April 7, 1997 background paper
sent to IEER by the US Department
of Energy Office of Worker Protec
tion Programs and Hazards Manage
ment clearly set forth what IEER had
suspected for several years, that
... [lulntil 1989 in DOE, and 1991
1994 in the nuclear industry (NRC
and Agreement States) internal ra
diation doses were not calculate [sic]
for workers. Radiation activity in ex
creta or percent of body burdens were
recorded in the DOE prior to 1989.

Thus, while workers were being
monitored for internal body burdens.
these body burdens were not being
translated into radiation dose estimates;
nor were any radiation dose estimates
corresponding to internal radionuclide
body burdens entered into the dose
records of workers.
While there was no regulatory

requirement to actually calculate
worker doses, the lack of internal
radiation dose estimates in worker dose
records means that the records of
workers who were at risk of internal
exposures are incomplete, misleading,
and inaccurate, The degree of incom
pleteness and inaccuracy will vary
from one worker to the next, from
one historical period to the next, and
from one facility to the next. But the
overall result is that large numbers of
workers have received information
about theirradiationerposures which
systematically understates their ac
tual exposures.
Another consequence of the incom
plete internal dose records before 1989
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is that in compensation cases involv
ing workers who ha(, internal expo
sures, the DOE and its contractors
may have based their arguments on
incomplete data that underestimated
exposures. Many cases may therefore
have been unjustly decided against
workers. Whether the DOE or its pre
decessor agencies knowingly omitted
internal dose information from some
worker compensation cases is, at this
time, an open question, but a reason
able one to pose.
While it is not possible to give an
accurate estimate of the proportion
of the 500,000 to 600,000 workers
who have worked for the DOE that
were at risk of exposure beyond al
lowable limits, we note that at the
uranium processing plant in Ohio,
commonly called the Fernald Plant,
most workers were at risk in the early
years. In fact, in 1955, the worst year
for worker exposure, lEER estimates
that almost 90 percent of workers were
exposed to more than the allowable
dose limit of 15 rem to the lung. (See
SDA Vol. 5 No. 3.)
There are a number of other direct
consequences of seriously incomplete
dose records:
U Internal exposures of uranium
workers may also have led in some
cases to heavy metal poisoning, no
tably of the kidneys. Such cases could
have been better detected had inter
nal dose information been a part of
dose records.
U Improper medical diagnoses may
have resulted in some cases because
dose records were incomplete.
U Corrective measures to improve
working conditions were likely de
layed or not implemented in many
cases because dose records did not
show overexposures.
The problem was most acute in
the period before the mid-to-late 1960s
for two reasons. First, evidence indi
cates that this was the period when
workplace conditions were the dirti
est and when workers were at higher
risk of exposure. This observation

cannot be used to arrive at conclu
sions about specific workers or even
specific plants. But to date, most of
the evidence we have examined indi
cates that for various reasons, expo
sures were generally highest in this
period.
Second, this period is prior to the
availability of counting techniques that
allowed for direct measurement of
body burdens. Action levels were set
for radionuclides in urine. So long as
the content of specific radionuclides
was below these action levels, body
burdens and worker doses were as
sumed to be below the maximum
allowable limits. After lung- and body
counters became available in the early
1960s. there were delays in using them.
Even after they were brought into use,
for example in 1968 at Fernald, urine
measurements continued to be the main
method for monitoring internal dose.
Unfortunately, the monitoring pro
cedure adopted by the DOE and its
contractors was flawed. IEER's analy
sis of Fernald dose records in 1985
reveale2 the following problems:
* The lung burden inferred from
urine data was consistently underes
timated because of improper assump
tions about the ratio of urinary
excretion per unit of uranium lodged
in lung tissues,
*I Urine was not monitored for all
radionuclides.
* Urine monitoring was generally
too infrequent to allow for accurate
determination of body burdens and
their change with time. Since many
chemical forms of radionuclides are
excreted relatively rapidly, infrequent
monitoring was likely to miss doses
from accidents and other occasional
but high exposures. Further, in many
cases, urine measurements were so
infrequent that even chemical forms
with relatively long biological half
lives would not have been accurately
detected. As a result, low urine con
centrations may not have corresponded
to low exposure, but merely to a long
See Worker Doses, page 6
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Worker Doses. from page 5
time lapse between the intake of the
radionuclide and the taking of urine
samples (or lung counts).
* The solubility of the compound
inhaled or ingested was not determined
or, if known, was not recorded.
* The relationship of urine sampling
time to exposure was. in most cases.
unknown.
As a result of all these factors, the
assumption that the dose was below
allowable limits if the concentration
of a radionuclide in urine was below
the action level was scientifically
unsound. Even when the actual doses
were below allowable limits, the in
ternal doses should have been entered
into worker dose records and added
to external doses in appropriate ways.

Whole-Body and
Organ-Specific Doses
Radiation standards limit dose both
to specific organs as well as to the
whole body. Consider, for example.
doses to the lung. The lung may be
exposed by external gamma radiation
from sources outside the body, re
sulting in doses essentially equal to
those for other organs in the body. It
may also be exposed from inhaled
radionuclides. In order to ensure com
pliance with the lung dose limit, which
was 15 rem in the 1950s through
1980s, DOE and its contractors only
had to consider internal body burdens
of radionuclides. (However, as we have
indicated, before 1989 internal doses
were not calculated from these data.)
In most cases, such as at the Fernald
plant, lung doses were inferred from
measurements of uranium in urine, If
these were found to be below allow
able concentrations. compliance with
the 15 rem/year limit was assumed to
have been demonstrated.
In the period since the late 1980s,
the regulatory practice has been to
use "committed effective dose equiva
lents.",2 In this model, "effective dose"
is calculated by multiplying doses to
individual organs or tissues, like the
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dose records into second place until
thyroid, bone tissue, or the lung, with
the Cold War began to wind down.
a weighting factor that accounts for
the relative likelihood of cancer
Consequences of
mortality from exposure to a particu
Underestimating Dose
lar organ. This allows exposures to a
Underestimation of internal doses
single organ and exposure of the whole
not just poor practice for worker
is
body to be considered together. Fur
protection. It also creates prob
health
ther, internal organ doses are calcu
lerns for epidemiological studies. Ac
lated on the basis of a fifty-year
curate epidemiological work is needed
"'committed" dose-that is, the entire
to estimate the health risk of radia
dose from a radionuclide to an organ
tion exposure, and this requires stud
over a fifty year period (in most cases,
ies with sound data on closes to various
the majority of the dose is delivered
groups of workers.
in a few years or less). These two
Cohort studies, for example, com
concepts, "effective dose equivalent"
the health status of people with
pare
and "committed dose" are put together
various degrees of exposure. Such stud
to arTive at "committed effective dose
ies are common among
equivalent." For regu
worker populations and
latory purposes, the
help to assess the risk
The Stam e insituS~entire committed dose
ti
oil
tiolz61
is attributed to the year
1ook that of exposure to radiation
(or other disease-caus
in which the radionu
ing agents). But if
-/)0ofS
d
]a
clide is incorporated
worker dose records are
pI'oduti(ci n, bef•re
into the body. But even
distorted by omission of
0
the
in this new practice,
a crucial component of
n)WItad
organ doses arising
dose, highly exposed
protect )l1 CLSO
from internal radiation
relegat( I Sounld workers and workers
must be known, bewith low exposures
data,
cause without that
could be jumbled up in
records
Se
the correct effective worker c/ /S
into sec( i7d place ways for which no sta
dose equivalent cannot
tistical control is pos
iuntil a el" t-he
be calculated. This
sible.
change in regulations
For instance, studies
Coh W',;
requiring calculation of
that consider external
effective dose equiva
exposure only would
lents caused DOE to
with low external doses
workers
group
begin to move to a policy of integrat
together and those with high external
ing internal and external radiation
doses in another group. If some or all
doses.
of the low external exposure group
While the unavailability of precise
workers had higher internal doses than
scientific techniques before the mid
the high external exposure group, the
1960s would have precluded accu
study would be comparing workers
rate internal dose assessment, the doses
with high exposure to others also with
could have been inferred from urine
high exposure! 3 Such a study would
data and integrated into close records.
be misleading and tend to underesti
but were not. After the mid-1960s,
mate risk estimates. By contrast, if
the AEC and its contractors could have
the high external exposure group had
made relatively accurate worker
even higher internal exposures, the
dose estimates, but still failed to do
study would also be misleading and
so. It would appear that the same in
would tend to overestimate radiation
stitutional outlook that put weapons
risk.
production before environmental pro
See Worker Doses. page 7
tection also relegated sound worker
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The April 1997 DOE background
paper also points out that lifetime dose
records have not been carefully maini
tained though the risk to workers is
based on lifetime radiation dose. If
dose records are not transferred from
one contractor to the next at a plant.
or from one plant to another when
the worker changes jobs, worker health
as well as public health is compro
mised because it becomes impossible
to accurately track the health effects
of occupational exposure. Of course,
this is another complicating factor in
doing epidemiological studies and
assessing radiation risk.

SCIENCE FOR DEMOCRATIC ACTION

can say with confidence that the ra
diation doses for large numbers of
workers were higher than those that
are apparent from their dose records
because internal doses were omitted
until 1989. and because there were
many deficiencies in other dose
records.

7
7
I The background paper was faxed to JEER on April 7,
1997 as preparation for a meering an lEER staff
member was attending with the staff of DOE's Office
of Worker Protection Programs and Hazards
Management on April 14. 1997.
2 This model is referred to as the "ICRP 30 dosimeiric
model.' ICRP is the International Comitenine on
Radiological PIotection. The model was announced in
publication 30.
3 This kind of situation is quite possible because many
important radionuclides. including uranium-238.
plutonium-239, strontium-90, and tritium would
typically provide low external doses but high internal
doses.
4 For more on problems with DOE's external dose datu
see A. Makbijani. H. Hu. and K. Yih, eds., Nuclear
Wastelcnds, (Cambridge: MIT Press, 1995). pp. 262
63.

External Exposure Data
The state of external dose data also
needs to be carefully examined. The
DOE has admitted the following
4
problems :
E External exposure data are often
incomplete and unreliable.
*0 Raw dose data and electronic
versions of the data (which are often
used by researchers ill studies) do not
always agree.
E In some cases, worker dose records
contain entries stating that the dose
was zero, regardless of what the ac
tual dosimeter reading may have been.
Finally, there were very few mea
surements made of worker exposure
to non-radioactive hazardous materi
als. But we do know from the nature
of work done at nuclear weapons plants
that many workers were exposed to
or were at risk of exposure to acids,
organic solvents, beryllium, fluorine
and fluorides, and heavy metals.
As a result of all of these prob
lems we can conclude that knowl
edge of workplace exposure during
nuclear weapons production and test
ing was poor, and the results of at
least some epidemiological studies
are likely to be misleading. At
present, it is impossible to say what
health effects might be revealed by
properly conducted studies. But we
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Exposure and Dose
his Centerfold provides information about dose in
rad and how it relates to energy deposited in tissue.
as well as a brief history of the evolution of radiation
exposure standards and regulations. We also include

additional information about iodine-131 and thyroid
closes received by the US public during the years of
atmospheric testing.

A rad is defined as the deposition of 100 ergs of energy per gram of tissue. Since the measurement is per gram,
then the same dose in rad can reflect very different radiation exposures, depending on the mass into which the
energy is deposited:
If the dose is:

, and the total mass into which the
energy is deposited is:

,.. then the total energy
deposited is:

2 rad

2 grams
(weight of an infant's thyroid)

400 ergs*

2 rad

20 grams
(weight of an adult's thyroid)

4,000 ergs

70,000 grams

14 million ergs

2 rad

(the official definition of "standard man"
in radiation protection practice;
equal to about 154 lbs.)

Conversely, the same amount of deposited energy can result in very different doses, depending on the
mass into which the energy is deposited:
If the total energy
deposited is:
4,000 ergs

... and the total mass into which
the energy is deposited is:
2 grams
(weight of an infant's thyroid)

...

then the dose is:
20 rad

~~~~~~~~-

. .. . .. . .. . .. . .. .- ..- -. -.. ------..
. .. . ....................... . .

4,000 ergs
4,000 ergs

20 grams
(weight of an adult's thyroid)

2 rad

70,000 grams

0.0006 rad

(the official definition of "standard man"
in radiation protection practice;
equal to about 154 lbs.)
In everyday terms, an erg is a very sinall amount of energy. Ir .akes aimost 1.5 ri II;on eigs tiioighl a 40-wau huib for one hour. But in the context of [ie tiny ellis that
make up Iiving heings, 100 eigs is a larie amonr of energy. One erg is cnough etcrg, to drupi teit of hi ions of the
honds, thai hold riolecule; togeiher.
bhemicai

For more on rad, rem and roentgen, see "Dear Arjun," page 13.
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Iodine-131
SGeneral: Its name is from the Greek word "i6eides,"
meaning "violet colored," after the violet color of iodine
in a gas form. As a solid it is shiny, black and non
metallic. In its non-radioactive form occurs on land and
in sea in sodium and potassium compounds, and is
necessary for proper functioning of the thyroid.

1931-34

US Advisory Committee on X-Ray and
Radium Protection (precursor to the
National Council on Radiation Protection
and Measurements) adopts X-ray
"tolerance dose" of 0.1 roentgen per day.

1940-41

US Advisory Committee proposes, but
does not implement, lowering the X-ray
tolerance dose to 0.02 roentgen per day.

1942

U. of Chicago Metallurgical Laboratory
adopts a "maximum permissible expo
sure" standard of 0.1 roentgen per day.
Becomes standard for entire Manhattan
Project.

1954

Atomic Energy Commission adopts
National Bureau of Standards recom
mended dose limit of 5 rem peryear.Sets
additional limits for internal exposures at
15 rem per year for most organs.

1959

Dose limit for workers remains 5 rem per

E Half-life: 8.04 clays.
E Atomic number: 53.
*

Decay mode: beta radiation.

* Sources: Fission product created in nuclear reactors
and in nuclear weapons explosions.
2 Release of iodine-131 per kiloton of fission explo
sive power: 125,000 curies.
* National Cancer Institute estimate of iodine-131
releases from the Nevada Tests: 150 million curies.
I

Organ most affected: thyroid,

*

Main pathway: milk.
*] Other pathways: ingestion of other dairy products,
vegetables. fruits, and eggs; inhalation; and external
irradiation.

year. AEC also adopts dose limits for the
public equal to one-tenth of those allowed
for workers: 0.5 rem for external expo
sure; and 1.5 rem for most organs for
internal exposure.

N Direct physical effects: radioactive iodine damages
or destroys thyroid cells.
E Health effects: Increased risk of thyroid tumors.,
notably in children. Likely increase of thyroid cancer
risk in children exposed before the age of 15 years.
Children under five at highest risk. Females have more
than twice the risk of males. Linked to other thyroid
disorders, such as autoimmune hypothyroidism, autoim
mune thyroiditis, hyperthyroidisin incident to Grave's
disease, and thyroid nodules.
* NCI estimate of thyroid dose from Nevada Tests
averaged over entire country: 2 rad.
E NCI estimate of thyroid dose to children aged 3
months to five years in high fallout areas: 27 to 112
rad.
* Official iodine- 131 release estimate from Chernobyl:
7.3 million curies--decay-corrected to ten days after the
start of the accident.
N Iodine-131 inventory in the Chernobyl reactor on
April 26, 1986, the day the accident started: approxi
mately 83 million curies.
* IEER's rough estimate of actual releases from
Chernobyl over the course of the ten-day fire: 10 to
15 million curies (assuming the official estimate of a
20% release fraction is correct).

late
1980s
-1990

Department of Energy adopts dose limit
for the public of 100 millirem (0.1 rem) per
year; dose limit for workers remains 5 rem
per year. A new model for calculation of
internal doses to workers is adopted,
"committed effective dose equivalent."the
(See main article.)

1991

International Committee for Radiological
Protection recommends worker dose limit
be reduced to 2 rem per year. Recom
mendation is not adopted by DOE.

NOTE: For external radiation sources, rocnten and rem are considered to be
equi valent.
Sirces: 1931-34,1940.-41, and 1942, BartontHacker, The Dragon 2Tio.(Berkeley.
University of California Press. 9V7 ), Appendix A, pp. I63-64i1954:US Atomic
Energy Commission, AEC Manual, TN-000-22. Chapter 0522. Vol. 0000, Part
0500, AEC-0522-01. BMBP, (US AEC, Feb. 26, 1954), 0522-0i.h; and National
Bureau of Standards (NBS) MoaouwmiPermissibleAmounis of*Raioisotopei
in
the H imanBodly"ad .MaxitnimPeinisvsile Conceniraironsin Air and
Water.
Handbook 52, (Washington: US Dept. of Commerce. March 20, 1953); 1959:
NBS. Mo
axitnum Permissible Body Burdens and Marimunt Permissible
Concentraoons oJRadiocir~dei ut Airit"td in Wrterfor Occupattionil Erposture,
Handbook 69, (Washington: US Dept. of Commerce. June 5, 1959). pp.4-6; late
19S8s-1990: US Dept. of Energy. Office of Environmental Safety and Health.
Order: DOE 5400.5, (US DOE, Febr.ary 8, 1990), I. lia; 1991: International
Connission on Radiological Protection. 1990 Recommendations of
the
fitereationot Commission on RadiolopgicaI Protection. ICRP publication
60,
Annals of the ICRP, Vol. 21. No. I-3, (Oxford, New York: Pergarnon Press,
1991). p. 72, pag. (S25).
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lEER Releases New Report on "Clean-up" of
Nuclear Weapons Complex

M ore
than half a century of
nuclear weapons production in
the United States has created tens of
millions of cubic meters of long-lived
radioactive waste, decommissioning
problems associated with thousands
of contaminated facilities, and envi
ronmental problems involving con
taminated land and water. The
production of 70,000 nuclear warheads
and bombs would have resulted in a
problem of environmental remediation
and waste management in any case.
But the neglect and mismanagement
of radioactive and toxic wastes have
created problems that are far more
costly than they might have been; some
appear to be intractable with current
technology.
IEER's newly released report,
Containing the Cold War Mess, looks
at the problem of environmental
remediation and waste management
of the nuclear ,,*apons complex
through case studies of three rather
different problems, each important in
its own way: a) transuranic waste
management; b) high-level waste tank
farms at Hanford- and c) radium- and
waste at
thorium-contaminated
alternatives
outlines
also
It
Fernald.
that could be considered in reform
ing the environmental management
program of DOE. The main findings
of this report and a summary of rec
ommendations are given below.

Main Findings
1. Nuclear weapons production
and associated activities have cre
ated tens of millions of cubic meters
of dangerous wastes and roughly
two billion cubic meters of contami
nated soil and water.
2. Since 1989, DOE has made
considerable progress in character
izing many of the crucial problems
of environmental remediation and

waste management in the nuclear
weapons complex, but much remains
to be done.
3. DOE is proceeding with the
most expensive environmental pro
gram in history without national
remediation standards to govern and
guide the process.
4. Despite about $40 billion dol
lars in expenditures since 1989, DOE
does not have a sound direction,
plan, priorities, or implementation
strategy for dealing with remediation
and waste management problems.
Institutional factors are the single
most crucial element in DOE's fail
ure to achieve a sound direction.
The principal institutional problems
that we have identified are:
* an attachment to Cold War tech
nologies related to weapons research.
development, testing, and production
N a tendency toward "monumen
talism"-that is, rushing into big
projects without proper preparatory
scientific and engineering work (this
tendency perhaps deriving from a
desire to also maximize the flow of
funds into the weapons complex)
* a lack of sound internal scientific
and technical peer review that actu
ally matters in decision-making, or
in approval and implementation of
large projects, and a corresponding
tendency to ignore inconvenient
extra-departmental advice
U a tendency to approve large bud
get increases for contractors without
thorough engineering-based reviews
of the problems that led to the budget
changes
* a failure to learn lessons from past
mistakes
* an attachment to the Yucca Moun
tain and Waste Isolation Pilot Project
(WIPP) repository programs out of
institutional, legal, political, and fi
nancial inertia even though these are

compromising a much larger effort
to remediate the weapons complex.
manage long-lived highly-radioactive
wastes, and develop a scientifically
sound long-term high-level waste
management program
U a lack of independent regula
tion of DOE's nuclear activities.
5. The U.S. waste classification
system is an unsound basis for
implementing waste management or
environmental remediation deci
sions. (See SDA Vol. 6 No. 1.)
6. DOE is not holding contrac
tors sufficiently accountable for
project mismanagement and poor
technical decisions.
7. A number of problems cannot
be satisfactorily solved with pres
ently available technology. Sound
research and development and care
ful project planning will be needed
over a long period.

Main Recommendations
The most important single reform
that is needed is institutional in na
ture. DOE can make internal reforms
at once. It should:
M create a project review structure
for large projects that is both techni
cal and financial in scope
E create a standing advisory com
mittee to review projects from early
stages through implementation both
as regards their technical aspects and
the reasonableness of budgets from
an engineering standpoint. The ma
jority of members on this committee
should be free of conflicts of interest
in regard to contracting with DOE or
its contractors.
* reinstate the practice of issuing
annual Baseline Environmental Man
agement Reports, and make them more
complete by including all sites, whether
See Report, page 16
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country would result in fallout spread
ing over most of the country. In a
1948 memo, an Air Force meteorolo
gist advised the committee assigned
to finding a test site that "Because
the United States is predominantly
under the influence of westerly winds,
it seems obvious that the eastern coast
areas of the United States may pro
vide a suitable site."" 2 But the site
was located in the west, where the
proximity to the weapons laborato
ries would allow for acceleration of
the weapons program.
Doses Avoidable
Iodine- 131 is a relatively short-lived
radionuclide with a half-life of 8 days.
(See Centerfold for more information.)
Therefore, radioactivity levels in con
taminated milk would have decreased
significantly several weeks after the
time of detonation, making most of
the iodine-131 doses to the public
avoidable. Contaminated milk could
have been dumped or diverted from
the market and used for products such
as dried milk, butter or cheese, which
take longer to process and would allow
time for the radioiodine to decay. But
the government made no such provi
sions, though they were aware as early
as 1953 of the "milk pathway," the
primary route of exposure for iodine
131 in humans. Warnings about io
dine-131 in milk were also issued at
the 1955 United Nations Conference
on Peaceful Uses of Atomic Energy,
where researchers suggested that
the then-allowable air concentration
limits for iodine-131 were ten thou
sand times too high and should be
lowered:
This limit should be reduced by four
orders of magnitude to assure
radiation safety for grazing animals.
Approximately the same reduction is
required for the safety of humans
eating large quantities of fresh
garden produce and drinking milk
from cows grazing on3 iodine 131
contaminated pasture.)
An Oxford University delegation

to the conference stzessed that "'.,
man beings whose diet comtsists
largely of milk. notably inifants,.
because of their youth may ieý con-_
sidered super-susceptible to.the eOf
fects of radiation.>`, 4 The advice of
the UN delegates, while ignored by
the AEC, was heeded by British of
ficials in 1957 when, after a reactor
accident that resulted in a release of
16,000 to 27,000 curies of iodine- 131.
ordered that milk within a 200-square
mile area around the plant be dumped
as a health precaution.
But even in the early 1960s, when
the milk pathway was widely under
stood. the US government refused to
acknowledge the risk of iodine- 131
contamination or take measures to
reduce it. In 1962 officials in Utah
and Minnesota diverted possibly
contaminated milk from the market
when iodine levels exceeded radia
tion guidelines set by the Federal
Radiation Council (FRC). In response,
the FRC. whose members included
the chairman of the AEC and the
Secretary of Defense, declared that
they did "not recommend such ac
tions" and that such "countermeasures
may have a net adverse rather than
favorable effect on the public well
being,."" Further, the FRC made the
remarkable determination that their
own radiation guidelines should not
be applied to fallout without further
detailed studies because "any possible
health risk which may be associated
with exposures even many times
above the guide levels would not result
in a detectable increase in the inci
dence of disease"16 (emphasis added),
Since thyroid cancers can develop
many years after radiation exposure
and are therefore not immediately de
tectable, this reassurance was highly
misleading.
While the public was not warned
to refrain from milk consumption and
was continually reassured that fallout
posed no danger, the AEC was pro
viding advance notice of tests, includ
ing "forecasts of contaminated areas

based on meteorological data"' 7 to
the National Association of Photo
graphic Manufacturers, This was done
so that they could "anticipate local
contamination and take preventive
action"'s to protect photographic film
from being ruined by radiation expo
sure. The warning to the photographic
industry began in 1951-the first year
of testing in Nevada-as a result of
the Eastman Kodak Company's threat
to sue the AEC over damaged film
from nuclear fallout. The warnings
continued throughout the atmospheric
testing program but were not extended
to the public.

Other Doses from Fallout
The United Nations Scientific
Committee on the Effects of Atomic
Radiation estimates that globally,
iodine- 131 doses comprise only about
2% of the overall radiation dose from
weapons testing (dose integration time
to the year 2000).19 Ninety-eight
percent of the dose is from other
radionuclides. These calculations do
not take hot spots into account, which
may increase the relative share of
iodine-131 dose. In addition, in areas
of high precipitation both in the US
and in other countries, hot spots prob
ably resulted in high concentrations
of other radionuclides besides iodine
131. Further work is needed to clarify
which populations were most affected
by testing throughout the world. So
viet and Chinese testing could have
affected populations in Alaska, for
example, and there may be incidences
of hot spots in the Pacific, including
Hawaii, from French, British, and US
Pacific area testing. There is also
evidence from the NCI study that hot
spots occurred in Canada and may
have occurred in northern Mexico from
Nevada tests.
A thorough assessment of the ef
fects of all nuclear testing-not just
US tests-is needed so that those at
risk of high doses can receive proper
screening. Soviet tests, for example,
See Milk, page 12

12
Milk, fi'om page 11
had a larger total fission yield than
US tests (110.9 megatons compared
to 72.1 megatons), and the combined
fission yield of Chinese, British and
French tests was 34.2 megatons. lEER
estimates that only a small fraction
of the cesium-137 in the soil in the
eastern United States is due to fallout
from detonations at the Nevada Test
Site. In light of the NCI findings, we
make the following recommendations:
* An international study should be
funded to carry out a global assess
ment of the effects of nuclear weap
ons testing and should follow a process
that is open to the general public.
* France, Britain, China and the
former Soviet Union should make
public all their data on fallout.
* Further study should be conducted
to assess the risk of cancer and other
thyroid disorders from radiation doses.
N The US government should pro
vide thyroid screening for those who
were children at the time of atmo
spheric testing living in high fallout
areas in the United States. The Agency
for Toxic Substances and Disease
Registry has suggested screening for
those who received a cumulative dose
of 10 rad or more while they were
20
age 15 or younger.
*0 The results of the NCI study should
be made widely available to the pub
lic in a format that is accessible and
understandable so that those who may
be at risk can receive proper screen
ing in a manner that reduces risk of
disease.

This article is based on an article
that appeared in the November
December issue of The Bulletin of
the Atomic Scientists, entitled "Worse
Than We Knew." It is available on
the web at "www.bullatomsci.org'"
and on lEER's webpage, "http://
www.ieer.org/latest/iodnart.html."
The full text of NCI's study can
be found on the web at "http://

www.rex.nci.nih.gov/massmediafFall
out/contents.html."
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13 R.C. Thompson, H.M. Parker, and H.A, Kornberg,
(General Electric Company). "Validity of Maximum
Permissible Standards for Internal Exposure," in
Proceedings of the International Conilrence on the
Peaceful Uses of Atomic Energy. Vol. 13: Legal.
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Scale Use of Nuclear Energy, (New York: United
Nations, 1956). 1956. Vol. 13. p. 203.
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Scott Russell, (Atomic Energy Research
Establishment, Harwell: Medical Research Council
andDepartmentof Agriculture. University ofOxford).
"The Behaviour of I'. Sr" and Sr in Certain
Agricultural Food Chains," in United Nations. 1956.
Vol. 13, p. 360.
15 Federal Radiation Council Press Release, "Federal
RadiationCouncil Position on Current Fallout Levels,"
SepIteiiber 17, 1962, pp. 1, 3.
16 ibid, p. 2
17 US Atomic Energy Commission, Twent'-first
Semiannual Repoti oftheAiromicEnergy Commnission.
IWashington: US Govermntent Printing Office),
January, 1957, p, 211.
IS US Atomic Energy Comumission, "Report by the
Director of Military Application. SumtnaryofRelatioits
between the AEC and the Photographic Industry
Regarding Radioactive Contamination from Atomic
Weapon Tests, from January through December 1951.
January t7. 1952. p. S.
19 JEER and International Physicians for the Prevention
and Forth, (New
otNuclear War, Radioactive Heaven
37
York: Apex Press. 19911, p. . Figures are based on
whole body committed effective dose equivalent.
20 Robert F Spengler,ed.. "Hanford Medical Monitoring
Program: Background Consideration Document and
ATSDR Decision," publication number PB97
193072, (Atlanta: US Dept of Health and Human
Setiices. Public Health Service, Agency for Toxic
Substances and Disease Registry), July 1997, p. 37.

Errata
In SDA Vol. 6 No. I (on radioactive
waste management), the entry in the
"Radioactivity" column of the "De
pleted Uranium" row on the table
appearing on pages 10-11 should read
"0.2." In that same table, the entry
in the "Regulatory Status" column
of the "Uranium Mill Tailings" row
should read "UMTRA and Uranium
Mill Tailings Radiation Control Act."
In SDA Vol. 5 No. 4 (on MOX),
lines 9 and 10 of the middle column
of page 2 should read. ". between
8 to 10 million gallons of liquid
Our thanks to James C.
waste .
Warf of Los Angeles, CA for point
ing out this error. You win $25! This
is a standing offer to SDA read
ers! lEER will award $25 to the first
person sending in a correction of
arithmetic errors appearing in
SDA, as well as our gratitude for
keeping us on our toes!
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Dear Arjun:
What's the difference between a
rad, a rem, and a roentgen?
-Mixed-up in Margaritaville

be expressed in standard international
units., sieverts or grays (one sievert
equals 100 rem, one gray equals 100
rad).
A rad, or "radiation absorbed dose,"
is a unit of absorbed dose equivalent
to the deposition of 100 ergs of en
ergy per gram of tissue. (See
Centerfold for more on rad and ergs.)
Since a rad measures deposition of
energy per gram of tissue, a 2-rad
dose to a certain organ, like the thy
roid (which weighs roughly 20 grams),
reflects a very different total deposi
tion of energy than does a 2-rad dose
to the entire body (typical weights
range from 40,000 to 100,000 grams).
A rem. or "radiation equivalent
man," is a unit of absorbed dose that
takes into account the relative bio
logical damage caused by the various
ways that ionizing radiation deposits
its energy in tissue (known as the
Relative Biological Effectiveness, or
RBE). In general the larger the amount
of energy absorbed, the larger the bio
logical damage. For beta and gamma
•
radiation, rem is equivalent to rad;
that is, they have a "qualityfac
tor" of 1. (The quality factor
is selected to approximate the

Dear Mixed-Up:
In the 1960s in the United States,
individuals who were deeply involved
with the so-called counter-culture were
sometimes referred to as radical, or
"'rad"for short. There were
also in
dividuals who didn't want to rock the
boat too much, but still liked to be
associated with the counter-culture,
who were called "rem., " short for
"regularly enlightened mainstreamers."
Everyone else was considered by the
rad and rem to be part of the "rank
and file," which was later shortened
to "roentgen file," after a particularly
mainstream leader of the time, Hans
Roentgen.
But unbeknownst to these radicals,
rad, rem and roentgen had already
been used as units to express doses
from radiation exposure. Radiation
dose is calculated in a number of ways,
including measurement of amount
of radiation at a particular place,
measurement of exposure, mea
surement of absorption of ra
dioactivity, and of
relative effect of
that absorption on
different organs or
types of tissue.
Dose calculations
take into account
the type of radia' "
tion involved (al
pha. beta. gamma,
"..I,.
- -or neutrons). Radia
tion doses can also
Hmdvs Re=,¢hfq

,

.

-I

ee

M~it~srem,~c Guy

RBE as it relates
to overall risk,
and is used in
regulatory prac
tice to convert
radiation dose
measured by en
ergy deposited
to radiation dose
measured in
terms of bio
logical damage.)

For alpha radiation, which involves
heavy particles, much more damage
is done per unit of energy deposited,
increasing the ratio between damage
to tissue and energy deposited. The
currently accepted quality factor for
alpha radiation is 20, but may change
as more is learned about damage due
to ionizing radiation. Neutron radia
tion has a varying quality factor be
tween 5 and 20, depending on neutron
energy. Rem is the unit used to ex
press regulatory limits for radiation
exposures.
A roentgen (abbreviated "R" and
pronounced "rent-ren") measures
gamma and beta radiation dose
based on the amount of ionization in
the air. It is the common form of cali
bration of radiation measuring instru
ments because the beta and gamma
radiation ionize air inside the instru
ment, creating electrically charged par
ticles which can be measured by
creating an electric current in the
instrument. A roentgen is a unit of
radiation dose that causes an ioniza
tion charge equal to 2.58 x l0-4
(0.000258) coulombs per kilogram ot
air.* Because it measures ionization
in air and not in tissue, there is no
exact, fixed correspondence between
roentgen and rad, but an approximate
equivalence is that one roentgen equals
0.93 rad for non-bony biological tis
sue, Since the uncertainties in dose
calculation are typically far larger than
7 percent, one roentgen is often con
sidered about equal to one rad, for
convenience.
Jr.

A coulomb is a unit ofelectrical charge. The charge of
an electron is 1.6 x 10- 19 coulombs.
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Dr. Egghead

1. body burden

c. Acting in the manner of Ra.

a. The strain felt by writers when they
have written introductory and clos
ing paragraphs, but still have to
write the rest of an essay.

d. Acronym for "As Low As Rea
sonable Achievable." Usually
"ALARA Principle," which dictates
that radioactivity released to the
environment and radiation doses
be not merely in compliance with
regulations, but further reduced
below the allowable limits, given
the technologies a.,J financial re
sources available.

b. What diet pill companies want
people to believe they have.
c. What you feel when you get the
bill from the auto body shop.
d. The amount of a radioactive mate
rial deposited in the body at a given
point in time (in units of mass or
radioactivity).
2. whole body counter
a. A specially-designed surface in
diners where customers can eat
while lying down.
b. Someone not content to do just a
headcount.
c. A hospital employee whose job it
is to count how many whole bod
ies come out of the operating room.
d, A chamber equipped with instru
ments to measure gamma radia
tion being emitted from anywhere
in the body.

4. effective dose equivalent

5. biohgical half-life

a. The number of naps taken during
the day by a nuclear plant opera
tor working night shifts to effec
tively enable him or her to stay
awake on the job.

a. The time it takes for half a room
of biology students to fall asleep.

b. The dose delivered by a placebo
that works as intended.

b. The portion of a soccer player's
life spent playing halfback.
c. The time it takes for half a log to
decay.

d. The time it takes the body to elimi

c. What a swig of
was
whiskey
thc
back in
days before
anesthesia.

nate half the mass of a given
1 ý_ý
absorbed radionuclide.

d. A dose esti-

3. ALARA
a. The younger, lesser-known sister
of Evita.
b, Name of a failed apple harvesting
company.

the combined effects of internal
and external radiation, the selec
tive uptake and distribution of ra
dionuclides, and their varying
effects on different organs. The ef
fective dose equivalent is calcu
lated by multiplying the dose to
an individual organ, such as the
lung, by a weighting factor which
addresses the likelihood of a cancer
mortality from radiation exposure
to that particular organ.

ALARA
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Gamma dosing on the job..

0

Back in the late 1980s, when Dr. Egghead's trusty sleuthing
dog Gamma was just a pup, the Depart
ment of Energy began using a method of worker dose calculation
referred to as the "committed effective
* dose equivalent." Even then, Gamma was interested in
such things and would entertain himself by
* calculating effective dose equivalents for workers. (Always
the workhound, that Gamma.) He recently
0
fetched his old records and was hoping for some help in completing some
unfinished dose estimates. Note
o
that Gamma was at that time learning the Standard International
units of becquerels and sieverts, and so
was converting from rems and picocuries to sieverts and becquerels.
His notes are reprinted below, paw
* prints, conversions, and all, except for the final
dose calculation:
*

0

o°

0

0

00

,t,--•

+

0 K)

A
worker
is exposed
annual average
cubic
meter
concentration
of air--orto Ianbecquerel
of uranium-238 of 27 picocuries per
per cubic
meter of air.

0 0

The worker breathes 9.6 m3 (cubic meters) of air on each working
shift (8 hours) and works
200 shifts per year.

0

QOQ
ty

,

4•:

9

000

°

The dose conversion factor for the lung is 9.84 x
rem per picocurie---or 2.66 x i0. sieverts
per becquerel. (Gamma converted rems to sieverts by dividing
by 100. He then multiplied the
result by 27 because there are 27 picocuries per becquerel. Try it!)
The weighting factor for the lung is 0. 12.

,

0
00

*

r0o
(

Assuming no other organ is affected, what is this worker's dose in rem?
(Note: This dose is called the "committed effective dose equivalent." See
main article.) Round to 2 decimal points. What is the committed
effective dose equivalent in sieverts?

:

0
0
0

0
0I0
0

°

0

o0

Hint: The dose conversion factor is used to convert radiation
intake into
dose. The weighting factor converts the lung dose into the effective
dose
equivalent.
end
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closes.

.

i iee@igeerorg) or re:+gular maii (EER 6935Laurel

. Ave_. Suite 204, Takoma Park, MD 20912), postmarked by Dec. 19, 1997. lEER
will award 25 prizes of
$10 each to people who send in a solution to the puzzle (by the deadline),
right or wrong. There is one
: $25 prize for a correct entry, to be drawn at random if more than one correct answer is submitted.
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closed or operational.
Such internal reforms are unlikely
to solve the entrenched problems
that we have discussed above. We
recommend that President Clinton
appoint a commission on Institutional
Reform of Environmental Remediation
and Waste Management. The con
mission should hold hearings around
the country and make definitive rec
ommendations within a six- to twelve
month period.
Whatever the reform chosen, gen
eral technical principles will need to
be adopted and reforms implemented
to restructure the environmental man
agement program. Specifically. the
government should:
1. Create a new, rational, envi
ronmentallv-protective system of
radioactive waste classification ac
cording to longevity and specific
activity, so that comparable hazards
are managed comparably.
2. Coordinate waste management
and environmenft remediation and
make reduction of short-term risks
compatible with minimizing long-term
risks.
3. Approach remediation with in
dependently enjbrced,national,health-

based clean-up and waste manage
ment standards, including specific
provisions to protect groundwater re
sources and mandatory guidelines to
keep doses as low as reasonably
achievable (ALARA) both for work
ers and for off-site populations. The
ALARA guideline for releasing sites
for unrestricted use should be to
remediate to background levels, if
reasonable, or else to keep doses to
under 2 millirem per year (which is
the British ALARA guideline).
4. Suspend the politically expedi
ent Yucca Mountain and WIPP re
pository programs and put in place a
scientifically sound program of long
term high-level waste management,
including repository research, sub
seabed disposal research. and research
on materials to contain radioactivity
that are analogous to natural materi
als that can last for millions of years.
5. Provide funds and technical
support to communities that have
residual contamination so that they
can monitor the enviionment and
keep themselves informed. Such
funds are needed to protect commu
nities against future known risks and
also against risks due to inadequate
characterization or present incomplete

underisanding of risks. The size of
the ftund should depend on the size
and character of the residual radioac
five and non-radioactive hazardous
contamination of land, remaining struc
tures, surface waters, river beds, and
groundwater, as well as the total
amount of radioactivity and non
radioactive hazardous material left in
disposal areas on site.
6. Manage non-radioactive toxic
components of wastes in ways that
do not seriously compromise manage
ment of radioactive components.
7. Stabilize waste so as to greatly
reduce or eliminate the most serious
environmentaland health threats and
store it on-site while sound long-term
management strategies are developed.
8. Provide the states, Indian tribes,
and the public (with special empha
sis on the affected communities and
workers) with timely information so
that they can participate effectively
in decision-making.

To order a copy of the full
300-page report, see the publica
tion information box on p. 7.
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