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AND POLICY COORDINATION 

1019 Nineteenth Street, NW, Suite 700 
Washington, D.C. 20036 

June 18, 1990 

Dr. D. Allan Bromley 
Assistant to the President for Science and Technology 
Director 
office of Science and Technology Policy 
Room 360 
Old Executive Office Building 
Washington, D.C. 20506 

Dear Dr. Bromley: 

I am pleased to transmit to you the enclosed CIRRPC Science 
Panel Report "Planning for Human Health Effects Research in the 
Event of a Nuclear Accident". The report was prepared in response 
to what several agencies felt was a need to prepare in advance a 
coherent plan to gather health effects information in the event of 
a nuclear accident. As we have done in other CIRRPC activities, 
the first step was to determine from a scientific viewpoint whether 
such an effort was desirable and feasible. The Science Subpanel 
has, after a thorough review of past accidents and emergency 
preparedness procedures in effect, recommended far such a program. 
This report will be published as CIRRPC Science Panel Report 
No. 7. 

Simultaneously with issuing this report we have formed a 
Policy Ad Hoc Group to examine programmatic, policy and financial 
questions raised during approval of the report but beyond its 
scope. Further recommendations will be made by CIRRPC on the basis 
of these studies. 

n I '  
Sincerely, 

Alvin 
Chairman, 

ALY/lw 
Enclosure 
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Office of the Secretary 
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Dear Dr. Young: 

The enclosed report by the Science Panel of the Committee on 
Interagency Radiation Research and Policy Coordination (CIRRPC) 
"Planning fo r  Human Health Effects Research in the Event of a 
Nuclear Accident" has been approved as Science Panel Report No. 7. 
Comments of the member agencies made during the approval process 
were considered in this final report. The Federal Emergency 
Management Association (FEMA) and the Nuclear Regulatory Commission 
(NRC) identified a number of policy and implementation issues which 
go beyond a Science Panel report but need to be addressed before 
a program can be put in place. 

The present Science Panel report, in response to its charter, 
did recommend an organized planning effort to collect health 
related information in the event of an accident. The report 
specifically notes that it was beyond the Subpanells responsibility 
to determine existing emergency preparedness procedures might 
need to be modified. The Subpanel recommended a follow-up effort 
leading directly to implementation of the program. Before CIRRPC 
makes such a recommendation we should have the policy, financial 
and other questions resolved at the policy level. 

Sincerely, 

Dr. Randall S. Caswell 
Chairman, CIRRPC Science Panel 

RSC/lw 
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CHAPTER I. INTRODUCTION 

In view of the need for additional information that can expand OUT current 
understanding of the effects of radiation on human health, it is important to take 
advantage of any research opportunities associated with radiation exposure to 
humans. This requires some planning 90 that opportunities are not lost during the 
critical early hours and days of such an incident. Attention was called to this 
problem in a Department of Health and Human Services (HHS) memorandum of 
February 10, 1983 for consideration by the Interagency Radiation Research 
Committee. In regard to opportunities for epidemiologic studies aimed at gaps in 
OUT biologic knowledge the memorandum said, 'If there seem to be such 
opportunities (for epidemiologic studies aimed at gaps in our biologic knowledge), 
then an effort should be mounted now to prepare to seize them on some priority 
basis. This would require the development of contingency plans and some 
organizational structure to ensure swift response in the event of an emergency." 
The Chernobyl accident on April 26, 1986 provided a greater sense of urgency to 
the HHS suggestions. 

The Committee on Interagency Radiation Research and Policy Coordination 
(CIRRPC), formed April 9,1984, was established to identify issues of concern to the 
Federal Agencies and to develop initiatives for proposed solutions. Such initiatives 
are usually developed by the CIRRPC Science Panel, which consists of senior 
scientists from member agencies. At its meeting of June 9,1986, the Science Panel 
discussed a possible initiative for developing a national plan for post-disaster 
research following a major radiation release. The consensus favored the formation 
of a small group chaired by Dr. Frank Hassler, Department of Transportation 
(DOT), to dr& a Charter for a Science Subpanel to "evaluate the desirability and 
feasibility of preparing to study human health effects of nuclear disasters before 
disasters occur." When this charter was completed, the Science Subpanel on Pre- 
Disaster Planning for Human Health Effects Research was formed. The charter 
is attached as Appendix k 

The Subpanel was to recommend "either for or against an organized p r e  
disaster planning effort to organize the collection of vital health related 
information." This report presents the findings of the Subpanel. In its study, the 
Subpanel reviewed many documents relating to disaster scenarios, gaps in research, 
and existing contingency plans. As instructed in the charter the Subpanel has 
excluded from discussion scenarios d a t e d  with nuclear warfare. The Subpanel 
asked various consultants for advice in their areas of expertise. The Subpanel 
report limits recommendations on research and planning to those that would have 
a direct impact on the quality of the effort at the time of a disaster. The Subpanel 
has not attempted to identify research ne& in general. 
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CHAPTER 11. ARE THERE ANY GAPS IN OUR KNOWLEDGE OF 
HEALTH EFFECTS THAT COULD BE HELPED BY 
PRE-DISASTER PLANNING? 

A. INTRODUCTION 

Although it is commonly stated that more is known about the human health 
effects of ionizing radiation than about any other environmental agent, when the 
structure of that knowledge is examined in detail, or when efforts are made to 
predict the nature and number of adverse events likely to ensue from a given 
exposure to a population, it is evident that there is a need for additional study. 
This became eminently clear in 1985 when a National Institutes of Health (NIH) 
working group was preparing radioepidemiological tables ordered by the Congress.' 
At many points there simply was insufficient knowledge to calculate "probabilities 
of causation," and at others it was first necessary to make somewhat arbitrary 
assumptions. Our knowledge of the human health effects of radiation should be 
expanded to reduce imprecision and to improve available data from medical 
investigations. Degrees of imprecision are important because we attribute great 
importance to the quantitation of risk; orders of magnitude will not suffice for 
scientific purposes. 

B. ACUTE EFFECTS 

In spite of documented radiation exposures from nuclear weapons and 
accidents, the available information on acute effects is flawed by the lack of 
adequate dosimetry as well aa by the combination of trauma, stress, and radiation 
exposure. All observed effects must be correlated with the dose, dose rate, 
exposure geometry, age, and health status of the patient. Relative to these five 
variables, specific gaps exist in the following mew. 

0 Prodromal symptomology - better information is needed on the 
correlation between prodromal symptoms generated from gastrointestinal 
and neurological involvement, and the absorbed dose. 

0 Biological dosimetry - reliable biological correlates of physical dose that 
wi l l  be indicative of dose homogeneity and insensitive to stress and/or 
trauma and time after exposure are needed. 

0 Damage to hemopoietic and gastrointestinal eyeteme - we need to 
distinguish the reversible from the irreversible consequences of exposure. 
This information is critical for casualty management. 

0 Casualty management - evaluation of new therapeutics for post- 
exposure application is needed. 
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Performance decrement - little is known of the radiation-induced 
performance decrement. 

Psychological consequences - can one distinguish psychogenic effects 
from bioeffects of organic origin? 

Survival curves following acute, wholebody exposure - adequate 
definition at the extremes is especially important. 

Survival curves following acute partial body exposure and following 
inhalation or ingestion of radionuclides are needed 

An International Atomic Energy Agency (LAEA) publication on the collection of 
information on acute effects is especidy useful.' 

C. CHRONIC SOMATIC EFFECTS 

1. Carcinogenesis 

The greatest gaps in our knowledge of the human health effects of exposure 
to ionizing radiation pertain to the risk of cancer €kom exposure in the low-dose 
range. However important it may be politically, and fkom the perception of public 
health, to study people exposed to very low doses, e.g., those received by residents 
of the area around the Three Mile Island (TMI) nuclear power plant in 1979, 
information of scientific value in this area is not likely to result fkom such studies. 
On the other hand, one cannot reliably state in advance the precise exposure 
characteristics of an accident that would make it a desirable target for scientific 
inquiry. Unless the average individual dose and/or the aggregate person-rem dose 
is high, or the accident presents special opportunities for research to fill a gap of 
some significance, scientific ends may not be served even by well-planned studies. 

The most obvious opportunity to extend our information on risk would arise 
from a considerable release of 1-131 that would be expected to produce some excess 
thyroid cancer. Present risk estimates for thyroid cancer are based predominantly 
on external exposure and there ia some uncertainty as to their applicability to I- 
131 exposure. Since the dosimetry for 1-131 is complex and its physical half-life is 
short, a planning effort could make a great deal of difference in the quality of any 
risk estimates that might be produced from such an experience. Further, since it 
might be expected that adverse health effects fkom any considerable release of I- 
131 would be ameliorated by the administration of potaaaium iodide (KI) to block 
its uptake, there may be a definite role for advance planning for the accumulation 
of information on the effectiveness of KI in avoiding d m  to individuals to which 
it is administered. This would require that thyroid function be monitored 
beginning immediately and for some days following exposure. Its importance and 

4 



feasibility are suggested by some observations reported by Professor J. Nauman of 
Poland at the May 1987 IAEA-WHO (World Health Organization) meeting with 
Soviet representatives in Vienna3 However, KI must be administered within a few 
hours after exposure to 1-131 in order to be M y  effective. Therefore such 
planning might have to be restricted to emergency workers since KI is not 
generally available to the public and since Federal agencies do not require it to be 
pre-distribu t ed. 

Large apparent differences in sensitivity to thyroid cancer induction by age 
at exposure have been observed in studies of populations exposed to gamma rays 
or X rays. Accordingly, sample size requirements for a study based on childhood 
exposure are about one-fourth of those for a general population with the same 
mean dose, whereas about three times as many person-years (PY) would be needed 
if the exposures were restricted to adult ages. It should be borne in mind that the 
ablation of the thyroid in infants, as occurred on Rongelap, might follow the release 
of extremely large amounts of radioiodine. 

Although no other radionuclide poses as great an exposure potential as does 
1-131, there are several other radionuclides that may have some importance for 
radiation protecti~n'~. Risk estimates from human data, however, are available for 
only a few of them. Some detailed examination of accident scenarios would be 
required to determine whether, for some particular organ, potential exposure to a 
particular radionuclide might provide an opportunity for a direct risk calculation 
that would permit some comparison with the assumption being used in calculations 
for risk estimation. 

Most of the gaps in knowledge about radiogenic cancer would probably not 
benefit from pre-disaster planning chiefly because it would take a very large 
disaster indeed to provide the numbers of radiogenic cancem that would be 
required for a statistically meaningful result. Thus, one would not expect pre- 
disaster planning to embrace time and doseresponire models, dose-rate effects, 
minimal latent periods, and duration of effect, or the influence of age at exposure, 
or sex. 

2. Teratogenic Effects 

The chief teratologic deficits found in man as a result of exposure to ionizing 
radiation are diminished head size and mental deficiency. Systematic data on these 
effects derive largely from observations on A-bomb survivors first published in 19528 
and 1956.' Despite recent re-analyses of these data by Otake and Schull: both the 
clinical classification of mental deficiency and the intelligence testing leave much 
to be desired 

There is a need to verify the linear regression relationship reported by Otake 
and Schull for the dependence of mental deficiency upon dose in the 8-15 week 
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gestation window of greater vulnerability and to clarify the nature of the 
relationship during the 16-25 week period. Any real opportunity to accumulate 
additional information on this topic suffcient quantity would be highly 
important, The value of examining head size should not be overlooked. After 
exposure at 8-15 weeks of gestational age, small heads wil l  be 10 times aa frequent 
as severe mental retardation and will be observable at lower doses, Moreover, in 
comparison with diminished intelligence, small head size wil l  be more easily 
measured at birth or at any time thereafter. 

D. GENETIC EFFECTS 

Although there is ample experimental evidence that ionizing radiation induces 
germ-cell mutations in many forms of life, including rodents, conclusive direct 
evidence for man does not yet exist, even in the studies of the Japanese A-bomb 
survivorsg. Because so little by way of positive evidence of genetic effects has been 
derived from the careful study of the heavily exposed A-bomb survivors, one does 
not think of the genetic target as a particularly attractive one for present planning 
purposes. Nevertheless, at the May 1987 IAEA/wHO meeting with Soviet 
representatives to discuss objectives and methods for the follow-up of the Chernobyl 
disaster, some consideration was given to the desirability of storing material 
suitable for later DNA studies of Chernobyl victims and their pr~geny.~ 

Radiation also induces somatic-cell mutations that may initiate the 
carcinogenic process in individual cells of susceptible tissues (See Section F below). 

E. PSYCHOLOGICAL EFFECTS 

1. Effects on Individuals 

The harmful health effects of the TMI disaster appear to have been confined 
to the mental health area Although the radioactive release involved doses far too 
small to have observable somatic effects, psychological symptoms were common and 
persisted for some time.'0*'' Episodes such as TMI and Chernobyl will produce 
psychologid disturbances of varied incidence and severity, depending on the 
objective level of exposure, the handling of the disaster by the authorities and the 
media, and the attitude of the population toward the hazards of radiation. 
Although the public was originally introduced to radiation as a medical tool, the 
role of radiation in nuclear weaponry has greatly changed attitudes toward 
radiation. No opportunity should be missed to learn more about the factors that 
influence the incidence of symptoms following a nuclear AiaRnter. This is an area 
in which planning might make a great difference to the quality of the data 
accumulated 
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2. Social Psychological Dynamics 

Information already gained from the study of natural disa~ters'~*'~ may not 
be directly applicable to nuclear disasters. The U.S. public responde well to natural 
disasters; they are understood, have often been prepared for, and the limits of their 
effect on life, limb, and property can be quickly assessed. A release of radioactivity, 
however, is another matter entirely, and the public health consequences, if any, 
that it brings may be less quickly and less surely assessed. A report on public 
knowledge about radiation emergencies is being prepared by a committee of the 
National Council on Radiation Protection and Measurements." 

To study the dynamics of an unfolding nuclear crisis, skilled observers, 
experts in the study of natural disasters, need to be introduced into the scene as 
observers at all levels of behavior, from the management center to the level of the 
exposed population. This would have to be arranged in advance so that the 
observers would have appropriate access to the various levels of operation, and the 
observers would have to have worked out a plan of study in advance. Their 
participation would be feasible only if it could be unobtrusive, of course. 

The sociological and psychological effects of large-scale radiation accidents 
have proven to be more costly than the treatment of biological injuries. For 
instance, in the recent Goiania, Brazil accident discussed in Chapter 111, more than 
110,000 persons reported to triage centers, whereas only about 250 were actually 
irradiated. The unsolved sociopsychological problems in such accidents need to be 
identified, and their behavioral consequence8 need to be understood. This type of 
epidemiological study is in its infancy and needs support for development. 

F. OTHER OPPORTUNITIES FOR STUDYING 
GAPS IN KNOWLEDGE 

There are other opportunities to learn from a disaster that may be more 
important than most of those discussed above. One of these is the opportunity to 
compare physical and biological dose estimatea Biological dose estimates were 
quite important in the management of the acute casualties from the Chernobyl 
disaster. A promising new approach, recently reported for a sample of A-bomb 
survivors, is an assay for somatic cell mutations with a 1- of gene expression at 
the polymorphic glycophorin A (GPA) locus.'' Advance preparations might have to 
be made for certain of such comparisons and the actual observations might have 
to be initiated promptly. 

With doses in excess of 5 rem (0.06 Sv), it would be usehl to compare the 
frequency of radiation-induced chromosomal aberrations with physical estimates of 
dose. In preparing for any large-scale operation it would be important to consider 
automated approaches to finding metaphases of high quality and to analyzing 
karyotypes. Biochemical dose estimation techniques, such as in vivo chemical 
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dosimetry using electron spin resonance or production of biomarkers, should also 
be considered. 

If it were believed that the doses might be high enough to d e &  the 
immune system, thought might be given to plrrnning for a longitudinal survey of 
immunological status in a sample of sufficient size. 

Finally, a continuous monitoring of disaster victims for evidence of a pre- 
leukemic state might be considered, if it were supposed that doses in a subgroup 
would be high enough and involve enough subjects so that screening for a two- 
percent risk could be contemplated (this being the frequency among A-bomb 
survivors exposed to 200 to 299 rads under T65D). 

G. SUMMARY 

FBects that might be candidates for pre-disaster planning include the 
following: 

1. Acute Effects - Recent accidental exposures, particularly those at 
Chernobyl, emphasize the necessity of gathering the best possible data where acute 
radiation exposures are compounded by trauma and other stresses. The evaluation 
of new therapeutics, as well as the gathering of data that wil l  allow correlation 
between physical estimates of absorbed dose and biological response, and an 
awareness of other identified gaps in our knowledge should be a part of any plan 
where such events are possible. 

2. Carcinogenesis - Risk coefficients for thyroid cancer and for thyroid 
nodules following exposure to 1-131 would appear to be important candidates for 
pre-disaster planning, the need for appropriate dosimetry being the driving force. 
In view of the benefits from KI administered following any s i m c a n t  emission of 
1-131, it would seem important to plan a monitoring effort that would determine 
the parameters of a successful effort to block 1-131 &om the thyroid If an accident 
involves the release of some other radionuclide of potential interest, with a known 
metabolic pathway but an unknown carcinogenic effect, consideration should be 
given to a pre-disaster planning effort, assuming that the study of the effect would 
require either a baseline observation on the expod population made in the wake 
of the disaster, or immediate special attention to the necessary dosimetry. 

3. Teratogenic Effects of Exposure in Utero - To study dimhished 
intelligence and small head size it would be highly desirable for any census to pay 
particular attention to pregnant women, especially to determine the probable 
duration of gestation at the time of exposure and to lay the groundwork for dose 
estimation to the fetus. 
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4. Social and Psychological Effects - Pre-disaster plRnning would be 
desirable and, presumably, would include preparation for both broad-scale surveys 
and in-depth interviews. Careful pre-diaaster planning would improve the 
effectiveness of any study of the social behavior of the people involved in the 
disaster. Observations should be made at all levels of social organization if this is 
possible without interfering with the effort to cope with the disaster. The 
awareness of the sociological and psychological impact of radiation accidents needs 
to be strengthened. 
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CHAPTER III. WHAT HAVE WE LEARNED FROM 
RADIATION ACCIDENTS? 

A INTRODUCTION 

In the 40 or more years since the first radiation accident of the nuclear age 
at LOS Alamos Laboratory, there have been about 300 accidents worldwide in which 
one or more people were injured by exposure to a harmful dose of ionizing 
radiation (Fig. 111-1). Of these 300 accidents, however, less than 12 have caused 
multiple deaths. 

MAJOR RADIATION ACCIDENTS 
WORLDWIDE HUMAN EXPERIENCE 

1944 - MARCH 1988' 

Number Accidents 296 
Persons Involved 136,6 15 
Significant Exposures 24,853 
Fatalities (Acute Effects) 69 

Source: DOE-REAC/TS Radiation Accident Registries. 

Fig, 1x1-1. Tabulation from the DOE/REAC/TS Radiation Accident Registry in Oak Ridge, Tennessee, which 
shows the number of persons involved, the number of persons exposed beyond threshold levels of radiation of 
m e d i d  concern, and the number of acute radiation deaths. 

B. ACCIDENTS INVOLVING LARGE NUMBERS OF PEOPLE 

Aside from Chernobyl in 1986, thousands of people have been involved in 
other accidents, such as at Windscale, Rongelap, Juarez, Goiania, and Three Mile 
Island. At Three Mile Island no one received any doae of biological consequence. 
At Windscale and Rongelap, people accumulated doses large enough to potentially 
cause late consequences, but not enough to cause any acute deaths. In Goiania, 
four deaths occurred In each of these accidents, local conditions affected the 
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degree of accuracy with which exposures were estimated and the subsequent 
success of epidemiological studies. 

1. Windscale 

In the Windscale accident in 1957, a fire in an air-cooled graphite-moderated 
reactor designed for plutonium production caused a massive release of fission 
products (largely 1-131, plus two strontium and two ruthenium isotopes). This led 
to the contamination of northern England, the Scandinavian peninsula, and some 
areas of mainland Europe. Modern assessments of the radiological impact of this 
accident are still hampered by large gaps in the radiological monitoring data that 
were collected over the ensuing months. As a reault, the collective dose 
commitments required to estimate population risk of late effects are only weak 
approximations of reality. In addition, the age distribution of the inadequately 
identified populations at risk is not well known. A 1983 reassessment estimates 
that 260 cases (of which 30 fatal?) of thyroid cancer might have been expected 
from the Windscale release, but the reassessment lacks precision because of the 
uncertainties of the environmental and demographic data assembled more than 30 
years later.' 

2. Three Mile Island 

In contrast, the environmental and demographic data of the exposed and 
non-exposed populations surrounding the Three Mile Island reactor accident in 1979 
are extraordinarily complete and well-characterized, along with the nature of the 
radioactive release source terms and plume pathways. These facts encourage 
epidemiologic follow-up studies of the exposed persons, but the average external 
radiation dose of 7mrad (0.07mGy) to people within a radius of 10 miles is 
biologically so inconsequential in terms of expected adverse effects that such studies 
cannot be expected to produce any valuable scientific information.2 

3. Rongelap 

The accidental exposure to atomic bomb fall-out of 167 Rongelap natives, 23 
Japanese, and 63 U.S. troops in the Marshall Islands in 1961 is unusual in the 
annals of radiation accident history because of the prompt collection of 
environmental radiation monitoring data and individual dose assessments for 
total-body, thyroid, and skin (beta) radiation exposures. These initial data have 
been supplemented by annual hands-on medical examinations of the irradiated 
individuals for over 30 years. These studies have resulted in the early detection 
of radiation-induced thyroid nodules, some of which proved on surgical removal to 
be cancerous. The immediate post-accident hematological studies of this accident 
are still used today to typify the lower bound of detectible bone marrow 
consequences in the acute radiation syndrome for humans? 
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4. Juarez 

On investigation, some radiation accidents involving large numbers of persons 
have proven to be unsuitable for follow-up or epidemiological study, A good 
example of this was the 1984 massive radiation contamination accident that 
occurred in Juarez, Mexico.' In this case, the number of persons who received 
total-body exposures was estimated to have been about 4,000. They lived under 
slum conditions in a section of the city where a pick-up truck, later found to have 
contained an unknown portion of a 450 Ci (1.67 x lo' MBq) 60-Co radiation therapy 
source, had been parked for about 50 days. An extraordinary Health Physics 
reconstruction of the accident and surveillance of the metal junk yard and other 
contaminated areas by airplanes located the contaminated metal objects. This 
allowed the construction of environmental isodose maps and the approximation of 
population doses. All but about 12 of the 4,000 possibly exposed individuals, 
however, were found to have received less than a 6 rem (0.06 Sv) committed dose. 
Even though the 12 more heavily irradiated persons were participants in the 
Mexican National Social Security Health System (NSSHS) and received bee medical 
care, several attempts by the Federal governments of Mexico and the United States 
to set up separate or collaborative epidemiological studies failed under the weight 
of more pressing socioeconomic problems and the aversion of the people to being 
identified 

5. Goiania 

It is well known that Health Physics staf€preparednesa and availability are 
basic to establishing the dosimetric data needed for any subsequent medical, 
radiobiological, or epidemiologic studies. However, the unexpectedness of a 
radiation accident in a comparatively remote site often has concealed the fact and 
nature of the accident and delayed the mobilization of such support efforts. The 
Brazil accident in 1987 illustrates the difficulty of the immediate detection of a 
radiation accident: Here the acute and chronic exposures of 24.4 persons to 
radioactive fragments of a 1400 Ci (6.18 x lo' MBq) 1374s source went undetected 
for two or more weeks. When 54 of the more heavily irradiated victims developed 
acute gastrointestinal disease that caused symptoms recognized by local health 
authorities as being due to irradiation, health physh  experts in radiation dosimetry 
were sent by air 600 miles from Rio de Janeiro to the city of Goiania where the 
accident occurred. The extremely high levels of radioactive contamination of these 
persons, their homes, and workshops required immediate environmental 
measurements and control, including the medid triage of all 112,800 residents in 
the area because no dosimeters were available. About 2,500 people were examined 
and 249 were sorted out as exposed (c25R), 64 as nirmificantly exposed (>25R), 
and 20 needing hospitalization (dose range S0-700R). Subsequently, four persons 
died from radiation damage to their bone marrow and gastrointestinal tract. 
Examinations of the changes in their blood counts, which are often used for making 
dose approximations retrospectively in the absence of physical dosimetry (film 
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badges, etc.), revealed usable clinical data, but these were scientifically inadequate 
for deriving a reliable quantitative bone marrow dose estimate. Cytogenetic 
examinations of cultured blood lymphocytes from these persons resulted in dose 
estimates which contained discrepancies of as much as 200 rads (2.0 Gy) in some 
instances, according to subsequent duplicate studies on the same patient. 

6. Chernobyl 

The accident at Chernobyl, USSR, is unusual in that the first announcement 
of the accident was followed within hours by a remarkably rapid Mux of radiation 
measurement experts and medical teams from Moscow and Kiev. These teams 
bolstered the on-site crews and sorted out the exposed persons, approximately 240, 
needing immediate medical care more than 2,400 others. 

Because of the lack of physical dosimetry throughout the affected populations 
at Chernobyl, it was necessary to estimate exposure by biological techniques. The 
extensive use of blood leukokinetics (which has been suggested for dose estimation) 
was possible during the hospital care of the Chernobyl accident victims because the 
time and duration of the radiation exposures in Chernobyl were well known. 
However, because of the dimculties in models used to interpret results, such 
“dosimetry” has extremely large uncertainties (+ 100 rads r+ 1.0 Gy]). Such rough 
estimates can be used for grouping patients for triage purposes and for identifying 
persons needing intensive care, but probably not for a retrospective epidemiologic 
study. A year after the Chernobyl accident, average committed population dose 
estimates varied by more than a factor of two, making improved risk estimation 
questionable.6 

The recent experience at Chernobyl seems more likely to offer the 
opportunity for a prospective epidemiologic atudy than any other experience 
(including Brazil). From the Soviet reports 90 far, we believe we can assume that: 
(1) everyone involved in the accident is known by name and some unique number; 
(2) each person has an accident history in real time; (3) each person’s dose can be 
estimated from this history or obtained fiom measurement using a radiation 
monitoring device; (4) each person has a m d d  history available as a baseline for 
future use; (6) each person can and will be followed for as long as he or she lives; 
(6) each person can be called in for routine follow-up, etc., as desired; (7) when the 
need arisea for a control study group, a similar but unirradiated population can be 
identified with the same attributes listed above; and (8) ecological effects such as 
water contamination that a€f& human health wil l  be studied. An unproven 
assumption is that the USSR has the committed epidemiological expertise and 
computer equipment needed to manage a data base of dosimetric and medical 
information on more than 100,OOO persons over the next 30 yeam or so. Whether 
or not such a study is carried out by the Soviet scientists wodd therefore seem to 
depend on their national priorities and resources, rather than on the resolution of 
uncertainty about this epidemiologic opportunity. The recent ercperience in Brazil 
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reveals a humanitarian desire to follow up and determine the fate of the accident 
victims, but the number of survivors and their dose estimates were deemed too few 
to warrant the expenditures of scarce national resources. 

Even so, these experiences suggest that the U.S. should be prepared, in the 
event of a massive North American disaster, to bring in cadres of scientists in 
parallel with emergency medical and health physics teams. These cadres will be 
needed to identlfy doses, physical locations, and medical effects for all individuals, 
and to set the stage for a life-long epidemiological study. 

C. SMALLER SCALE ACCIDENTS INVOLVING A FEW 
ACUTELY-EXPOSED PEOPLE 

On a smaller scale, efforts to follow up radiation accident survivors has been 
successful in several instances. In these accidents retrospective study of the 
survival of the small number of persons in families where one or more relatives 
died has been possible. None of these instances, however, can be considered an 
epidemiological study. The follow-up of these victims over the years has produced 
only medical anecdotes which show that an untimely death fkom a radiation-induced 
malignancy after large radiation doses is not a certainty. Such cases are: (1) the 
Mexico City Co-60 accident of 1960 wherein five of six family members died from 
chronic exposures that reached estimated doses of 2,500 rads (26 Gy) or more in 
110 days. (The single survivor who may have received only about 1,OOO rads [lo 
Gy] in the time period recovered from bone marrow destruction and was 
successfhlly followed up for 10 years until he elected to disappear.);' (2) the 
Algerian accident of 1978 which typifies the many radiation accidents in which an 
Ir-192 source is found loose in the environment by a naive person. (In this 
accident a 25 Ci [9.2 x 10" Bq] source was found in the possession of two young 
boys already showing radiation burns. One boy sucked on the source and received 
an estimated 2,500 rads 125 Gy] to the head! When discovered, the source, which 
had been found by the boys' grandmother, was secured in the kitchen where the 
five women of the family had been irradiated daily. The grandmother died from 
acute radiation syndrome. Her four daughters suTvivBd, three of whom are being 
followed by the staff of the Curie Institute, Paria.): (3) the Moroccan accident of 
1985 in which a stolen Ir-192 source waa hidden under the family bed in the 
family's sleeping room where a father, mother, two children, and three aunts and 
uncles were fatally irradiated over some period of time. (Two survivors of acute 
radiation syndrome are being followed by the Curie Institute staff. No doses are 
known accurately and the scenarios are unreliable largely because of the 
approximately 10-day delay in recognizing the mysterious disease that struck the 
family after the theft of the source.)o 

Two occupational accidents which have played important roles in helping to 
conceptualize human radiation biology are the accident in Viica, Yugoslavia in 1968 
and the Oak Ridge (Y-12) accident in the same year.1o*"*" In the Oak Ridge 
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accider~t,'~ eight men were exposed to neutrons and gamma photons in a nuclear 
criticality accident, while seven men and one woman were exposed to mixed 
neutron and gamma rays from an experimental nuclear reactor in Yugoslavia One 
man died in the Vinca accident as a result of the radiation syndrome and an 
attempted bone marrow transplant. The other survivors have been followed 
medically on an annual basis in their countries of residence. It is anticipated that 
summary reports of these findings will be made after these victims (now 70 and 
80 years old) have lived out their lives. 

In retrospect, these radiation accidents, and the subsequent radiological 
measurements and medical data, have proven to be too infrequent and to have 
involved too few people with precisely known exposures to form a basis for 
scientific epidemiological mortality-dose response studies. So far the difficulties that 
have attended the identification and recruitment of irradiated sullrivors for 
potential studies have been discouraging. Opportunities to set up what could be 
considered feasibility studies were missed, as in Juarez, Mexico. Furthermore, the 
dose information has been found to be derived (not measured) from extrapolations 
and reconstructions of scenarios of only assumed veracity so that great expectations 
for any meaningful results do not seem warranted, 

D. SUMMARY 

Experience has demonstrated various weaknesses in our reaction to past 
accidents. In the Windscale accident, for example, the assessment of effects was 
hampered by the lack of reliable radiological monitoring. In Juarez, attempts to 
set up an epidemiological study failed for political and sociological reasons. On the 
other hand, the exposure in Rongelap was followed by prompt collection of 
environmental radioactive data and individual dose assessments. 

The recent disasters in Chernobyl and Goiania emphasize the need for pre- 
disaster planning, continued research into reliable biological dosimetry that is 
unaffected by associated trauma, radioprotective agents, and effective therapeutics 
for hemopoietic and gastrointestinal damage, as well as for the victim with 
associated physical trauma. The variables associated with these two recent 
radiation accidents demonstrate the dif€iculty of reliable extrapolation to define the 
human radiation response. In the Chernobyl accident, all physical dosimetry w a  
destroyed. The total dose was protracted over a three-hour period for most of the 
exposed firemen. Intense physical and emotional stress accompanied the severe 
radiation exposure, and the majority of those in the acute radiation syndrome 
classification were traumatized to a significant degree with a mixture of thermal 
and radiation burns. In contrast, the Goiania accident was characterized by the 
lack of physical dosimetry, significant dose protraction and fractionation, as well 
as partial body exposure and no d a t e d  physical trauma or stress There was 
also a significant period of time (eight days) between the initiation of exposure and 
diagnosis and treatment. These accidents reemphasize the characteristics shared 

.., 
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by all radiation accidents, namely, an uncontrolled and ill-defined radiation 
environment, with or without associated trauma. 
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CHAPTER N. WHAT TYPES OF ACCIDENTS AND 
WHAT DOSE LEVELS WOULD 
PRODUCE OPPORTUNITIES FOR 
RESEARCH? 

A BACKGROUND 

A variety of sources provide the potential for significant releases to the 
atmosphere. A few general scenarios for radiological accidents comprise the range 
of disasters which appear suitable for pre-planning and subsequent conduct of 
epidemiologic studies. The planning effort would be essentially the same for any 
of these scenarios which include accidents at nuclear power plants, large research 
reactors, spent fuel reprocessing plants, and transportation accidents. The range 
of consequences of nuclear power plant accidents encompasses the range of 
accidents from other sources. Therefore, the main emphasis in this discussion will 
be on nuclear power plants. 

B. NUCLEAR POWER PLANTS 

1. Inventories 

However unlikely, the potential exists for nuclear power plant accidents to 
broadcast heavy contamination to the environment. In this respect, the potential 
for widespread harm is greater than that from medical overexposures, 
transportation accidents, or fuel cycle activities where the potential is much more 
limited as to numbers of people who could be adversely affected. 

The potential for physical harm h m  nuclear power plant accidents arises 
from the large inventory of radioactive materials in the core of an operating nuclear 
power plant. I, Cs, and noble gases are especially volatile and c811 be released in 
significant quantities (1 to 10%) from the fuel even if it is damaged at operating 
temperatures (600°F). Very high temperatures (>=OF), however, are required 
to release such fractions of the refractory materials from the fuel. 

2. Risks of Releases 

The actual amoullt8 of radionuclides that would be released to the 
atmoaphere in realistic accident scenarios are highly uncertain. If a route to the 
atmosphere from the reactor core exisb, noble gaaea would surely leak. However, 
numerous sinks and traps, especially water and installed Gltem, are present in a 
nuclear power plant to reduce or eliminate the potential for the release of 
particulate materials. 
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Virtually by definition, these sinks and traps would have to fail for off-site 
contamination to be sigdicant. In brief, the core protection systems would have 
to fail, the core would have to be seriously damaged, and the reactor containment 
building would have to leak seriously. This combination of events is estimated to 
be highly unlikely. For example, even at TMI only about 15 curies (55.5 x 10" Bq) 
of 1-131 leaked to the atmosphere, even though the core melted. The bulk of the 
radioiodines remained in the contained water. 

3. Consequences of a Reactor Accident 

Estimates of various kinds of adverse consequences of possible reactor 
accidents have been made. One study in particular provides a scoping level of the 
various potential consequences of serious accidents. Table IV-1, reproduced fkom 
NUREG/CR-2239? describes five types of accidents which cover the possible 
accident spectra. Fig. IV-1 and Fig. IV-2, reproduced fkom the same report, 
illustrate mean bone marrow and thyroid doses versus the distance for each of 
these five scoping accidents. The NUREG/CR2239 study points out the 
hypothetical level of anticipated fatalities that might be involved in a serious 
nuclear reactor accident and the need to be prepared to collect health effects data 
in that event. 

Table IV-1'. Brief descriptions characterizing the accident group. within the 
NRC "Accident Spectrum." 

SSTl Severe core damage. Essentially involves loss of all installed 
safety features. Severe direct breach of containment. 

SST2 Severe core damage. Containment fails to isolate. Fission 
product release mitigating systems (e.g., sprays, suppression 
pool, fan coolers) operate to reduce release. 

SST3 Severe core damage. Containment fails by basemat melt- 
through. All other release mitigation systems fbction as 
designed. 

SST4 Modest core damage. Containment systems operate in a 
degraded mode. 

SST5 Limited core damage. No failures of engineered safety 
features beyond those postulated by the various design 
basis accidents. The moBt mere  accident in this group 
assumes that the containment functions as designed 
following a substantial core melt. 
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There is a wealth of data in references 3, 4, and 6 that one might use to 
speculate about what might have to be done to conduct a good epidemiological 
study in a post-accident environment. In the general public, the best opportunity 
is for studies of single organ health effects, where the organ doses could be 
assessed by whole body counting, and the doses would be well above external 
gamma radiation exposure, such that uncertainties in the doses would not be 
si@cant. Of these types of situations, the potential thyroid exposures present 
the most likely target. Radioiodine inventories are high in a nuclear power plant. 
The release of only small fractions of the radioiodine inventory could produce high 
thyroid doses, and the thyroid doses could be estimated with acceptable accuracy 
from post-accident thyroid scans. No other single potential target organ would be 
expected to have this combination of attributes. 

The only other single body organ that even approaches the thyroid as a 
candidate for study is the lung. Extremely serious accidentA at a nuclear power 
plant could induce large lung burdens and doses.' However, for these to be 
realized, life threatening bone marrow doses and heavy widespread contamination 
of the environment would be likely. 

Only exposures of the general public received during the emergency phase 
would be expected to be of interest for an epidemiologic study. Long-term, chronic 
exposures of the general public are unlikely to be fruitful for study since the levels 
of chronic, post-emergency phase exposures would be controlled to low levels. 

Emergency teams and decontamination teams would be well-monitored post- 
accident, and a substantial number of these workers would not have been exposed 
during the emergency phase. For those that are exposed, it is possible that their 
exposures would exceed, by necessity, normal occupational exposure rates. Under 
such circumstances they would provide a well-monitored group for clinical, rather 
than epidemiological, study. 

C. TRANSPORTATION ACCIDENTS 

In the 18 years that the U.S. Department of Transportation (DOT) has been 
keeping records of transportation accidents involving carriers of hazardous materials, 
there have been a few instances of accidents involving vehicles c8TTying low-level 
radioactive materials. In only a few of these was there any actual spill of 
radioactive material fkom the protective containers. The effects were highly 
localized and no serious exposures were reported. 

During this period, only limited shipments of high-level waste products fkom 
power plants and US. Department of Energy (DOE) facilities have taken place, in 
part because of a lack of conse118us on where to put them and how to move them. 
Eventually, high-level waste product movement wil l  occur. Considerable research 
and development has been done to create casks for containment that can withstand 
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the crash environment and subsequent fie without permitting the escape of the 
waste products. 

D. RADIOACTIVE SOURCES 

As described previously, accidents involving radioactive sources have been 
experienced worldwide. In view of the large numbers of such sources it is 
inevitable that some accidents will occur in spite of improvements in their use. & 
noted, the difficulty in obtaining information on health effects is compounded by 
the problems of early detection and the lack of adequate dosimetry, 

E. SUMMARY 

Atmospheric discharges of radioactivity would pose special problems for post- 
accident epidemiological research. For the general public, whole body dosimetry 
reconstruction for the early phase would be the most diflicult problem. Early 
decontamination efforts would produce considerable uncertainty in skin doses. 
However, post-accident whole body or thyroid scana could be used to determine 
internal organ doses more accurately. Thyroid doses could be especially large 
because of the large radioiodine inventory in a nuclear power plant. Thus, a large 
signal (thyroid dose) to noise (uncertain whole body doae) ratio could result. Post- 
accident emergency workers could provide a pool of well-monitored persons, aa 
compared to members of the general public, for an epidemiological study. 
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CHAPTER V. WHAT INFORMATION IS DESIRABLE 
AT THE TIME OF A DISASTER? 

A. BACKGROUND 

The evaluation of radiation accident casualties wil l  be clouded by the lack of 
adequate dosimetry and knowledge of shielding and exposure geometry, 88 well 88 
by the combination of physical trauma and stress with the radiation exposure. 
Pre-disaster planning must focus on assuring that adequate information is available 
for correlating the observed health effects with the total dose, dose rate, exposure 
geometry, age, and health status of the patient. 

The information required for studies of acute effects differs considerably 
from that required for epidemiological studies of chronic effects. Thus, one must 
first determine which type of study is warranted: clinical or epidemiological. The 
most important criterion for deciding to do an epidemiological study is the number 
of people involved, although the magnitude of the doses to the population is also 
an important consideration. Clearly, the smaller the individual dose, the larger the 
number of individuals required for a statistically significant epidemiological study. 

For example, the issue of the risk of thyroid cancer from internal exposure 
to 1-131 versus external exposure to gamma rays would probably require some 
combination of the mean thyroid dose, the number of persons expoaed, and the 
years of follow-up. This might be equivalent, in terms of statistical power, to 
50,000 person-years (PY) of follow-up beyond an assumed latent period of 10 years 
at a mean dose of 100 rad (1 Gy). Taking the National Cancer Institute's (NCI) 
Surveillance, Epidemiology, and End Results (SEER) value of 56 baseline cases per 
million PY in a general population, and assuming four excess cases per million per 
year per rad, we would expect to get a 95% confidence interval of about 2.1-5.9 
excess cases. To get the same interval with a mean dose of 26 rad (0.25 Gy) 
would require 270,000 PY, and a 10 rad (0.1 Gy) dose would require over a million 
PY. A mean dose of 10 rad (0.1 Gy) is a practical lower limit for studies of 
general populations.' Not only does the required PY increase very rapidly with 
decreasing dose (3.3 million at 5 rad [0.06 Cy], and 62 million at 1 rad [0.01 Gy], 
for example), but also the relative excess at lower doses (assuming 4 per million 
per rad [0.01 Gy] absolute excess) is so low that it is exceedingly difficult to 
monitor for systematic variation in risk due to causes other than radiation dose. 

A rule-of-thumb for incorporating the number of exposed individuals and 
average dose might be developed to guide the decision as to whether an 
epidemiological study is called for. In a disaster exposing many people to doses 
which are high enough to cause acute effects, facilities and manpower for collecting 
data for epidemiological studies might be severely restricted. On the other hand, 
an epidemiological study after a disaster involving less than 100 exposed persons 
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is unlikely to be very useful. It also is possible, perhaps likely, that both types of 
studies could be undertaken: a clinical study of victims with high doses and 811 

epidemiological follow-up study of lowdose, late-occurring effects. In any event, a 
competent central authority with the responsibility of deciding whether or not to 
activate a specific research effort should be specifled beforehand. 

B. INFORMATION FOR ACUTE EFFECTS 

The ability to gather reliable knowledge on the human radiation response 
from radiation accidents, given the unpredictability and uncontrolled nature of the 
exposure(s), requires expert and intensive planning. Relative to the acute effects, 
the following requirements are recommended They fall into two major areas: the 
first centers on trained personnel and the second centers on tasks to be performed, 
that is, specific biological sampling that will be the @or component of the 
research data accumulated. 

An absolute requirement is a knowledgeable hospital and triage staff in 
predetermined tertiary care hospitals and/or clinical centers. These "radiation- 
response centers" must have an experienced/knowledgeable medical support team 
linked to each. The medical support team should consist of physicians with 
specialization in such areas as burn and wound treatment, bone marrow 
transplantation, clinical investigation in hematology, immunology, and inhalation 
toxicology, and associated disciplines in radiobiology, radioisotopes, health physics, 
and experimental hematology. A simple questionnaire pertaining to relevant 
symptomatology of the prodromal consequences relative to time, position, etc., 
during the exposure is also essential. The training of the professional people called 
upon to staff the Medical Response Centers will be a continuing problem due to 
turnover of personnel. This aspect should be addressed at some level. 

The second aspect concerns the identification of specific biological sampling 
procedures to provide the data base for reliable extrapolation of the human 
radiation response. A list of relevant procedures would include: (a) tissue typing 
(b) chromosome analysis of peripheral blood lymphocytes and bone marrow cek, 
(c) glycophorin analysis of red cells, (d) frozen aliquot8 of plasma and/or serum; (e) 
circulating blood counts and differential; (f) marrow sample for differential from 
several distinct anatomical sites and donogenic assays; (st) urine and fecal samples; 
and (h) whole body counting to include thyroid 

The investigation of acute effects would require excellent cooperation 
between trained and knowledgeable professionala capable of quick response and set- 
up at predetermined Radiation Response Centers, with organization and direction 
from one lead Agency or Response Center. 
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C. INFORMATION FOR EPIDEMIOLOGICAL STUDIES 

In general, for potential post-disaster epidemiologic studies, the existing level 
of preparedness near nuclear facilities is high. However, permanently situated 
environmental monitors are currently available in very few areas, principally in and 
around nuclear power plants. These are ideal for recording any untoward emissions 
and will be major resources for later research. Mobile monitors are available in 
local response units, e.g., fire departments, radiation safety units, state disaster 
departments, and some Federal agencies. We estimate that they would not be in 
place in the early hours of any accidental release of radioactivitx they sometimes 
can be delayed by as much as 24 hours. The loss of early environmental dosimetry 
data will be a serious deficiency for future research. Therefore we suggest that all 
sites that present a si@icant risk, e.g., nuclear proceming facilities or nuclear 
power plants, be reviewed and, if necessary, plans should be developed for prompt 
environmental monitoring in the event of an accident. 

Other tasks which could be accomplished prior to a radiological disaster in 
order to facilitate subsequent epidemiological research are: 

1. Assure that information linking specific residential and business (mapped) 
locations with actual addresses is current. Similarly, lists of school district 
boundaries, post offices, registered voters, county agricultural agents, granges, and 
anything else that would hasten a post-accident census or expoaure determination 
are updated and maintained at a mif ied  location such as the State Department 
of Health. 

2. Develop, obtain necessary clearances for, and pretest a comprehensive 
questionnaire for use on both exposed and unexposed populations in a post-accident 
survey. The survey instrument must solicit every person's location at the specific 
time of probable exposure. Logistic support for the survey (e.g., interviewers, 
coordinator, communications, etc.) can be identified and pretested. 

The types of data that will be sought at the time of the exposure event are 
complex enough to require a data collection instrument designed beforehand 
Therefore, planning efforts should focus on identifying, centralizing, and maintaining 
information which would allow prompt identification of these existing data or 
logistic resources. A uniform radiation research questionnaire should be designed 
by an appropriately designated authority for use in case of a disaster involving the 
exposure to radiation of workers and the general public. The limitations of time, 
understanding, and the level of anxiety of the respondents should be considered in 
the design of the contents of a minimal information instrument. 

3. Another problem involving population data involves biological sampling 
for internal dosimetry. A study should be made of the value of internal biological 
dosimetry techniques to lead to a recommendation for disaster biological dosimetry. 
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The recommendation should include specifications for sampling, storing, and 
measuring techniques, and the stimulation of research for the development of 
better biological dosimetry systems. A study also should be made of the legal 
ramifications of biological dosimetry, including subject consent, protection from 
suits arising from misadventure, and the use of data in recovery actions that may 
follow accidental exposures to radiation. 

4. Determine and maintain at a specified location information about the 
capacity, quality control, and existing technical support of available whole-body 
counters. 

5. Prepare for immediate aerial surveys for dose-rate and deposition 
distribution in the area surrounding nuclear sites. Surveys are to be initiated aa 
soon as possible after a disaster. 

6. Designate and train appropriate individuals, group3 of specialists, and 
command chains for each task to be accomplished following a disaster. 

D. ADDITIONAL CONSIDERATIONS 

1. Personnel 

Depending upon the specific information and biological samples sought, the 
personnel who wil l  be charged with the process of acquisition wil l  have to be 
experienced and trained in getting data and samples without damage to the 
subjects. They wil l  probably be medical and paramedical personnel (laboratory 
technologists and radiation technologists). Their training is critical, as is the 
development of a legal and administrative environment that would permit them to 
undertake the medically invasive actions necessary to do their job. Identification 
and training of personnel before an accident, their mobilization and placement in 
the field, and their supervision are matters that will require careful plrurning. 

The personnel to conduct the data and sample acquisition should be separate 
from the medical care teams, but they may be phyaically and/or administratively 
associated with such units. The research personnel would be complementary to 
the care teams and could be used for emergency increment of the care teams if 
necessary. Their backgrounds should allow them to work comfortably with the 
medical organizations. 

The research personnel could work in other environments, provided that the 
local controlling organization or individual is briefed on their mission and is 
supportive of their activities. 
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Certain operational elements are necessary if research cadres Eire to be 
successful. These include: 

written directives specifying function, objectives, methods, and controls in 
order to avoid interference with emergency response; 

0 standardized guidelines for data acquisition; 

methods for data storage and transfer to the research repository; 

guidance regarding priorities for the operational units; 

0 provision for maintaining their strength; and 

0 experience working together. 

2. Follow-up and Repository 

The data acquired must be compiled, reviewed for completeness, accuracy, 
and redundancy, and stored for future use. The repository must be available for 
future analyses for at least 50 years in the case of low-level exposures. The 
repository should have the legal authority necessary to discharge its functions, 
including access to IRS and Social Security data to enable it to track individuals 
registered in its files. Access to the repository by responsible investigators must 
be assured, and some control over access to assure proper use should be designed 
into the system. 

The repository could be a governmental or private institution. For both 
legal and perceptual reasons, a non-governmental entity would probably be more 
effective and would require a stable mechanism for long-term funding. 
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CHAPTER VI. HOW DOES THE REQUIREMENT FOR 
INFORMATION COMPARE WITH THAT 
ALREADY IN EXISTING PLANS? 

A BACKGROUND 

What might be called the emergency response culture and the general 
structure of emergency response p~anning for radiological emergencies creates much 
of the environment in which health research for such incidents must be conducted 

Radiological emergency response, even emergency response in general, is 
characterized by phased response, with the initial response by those at the scene 
or close to it. Historically, responders have been more concerned and responsive 
to the immediate and physical aspects of an incident-its technical aspects--than to 
its economic, political, or social consequences. Research has been conducted 
historically as a post-incident review or as a reconstruction of the event, with little 
or no feedback possible during the event. As a result, response structures and 
plans typically have not included provisions for research. 

The planning structure for radiological emergency response can be portrayed 
as involving interlocking planning efforts at four levels of organization: industry, 
local government, state government, and Federal government. For the purposes of 
the issue at hand, three of those are relevank Federal, state, and local. Because 
of the wide variance in the definitions of local government units and their 
respective roles in radiological emergencies, the comments below will liberally 
combine state and local planning efforts. Thus, for simplicity, we wil l  consider the 
planning efforts at the Federal and state/local levels. 

B. STATE AND LOCAL RADIOLOGICAL EMERGENCY PLANS 

It is fair to say that current state and local radiological emergency response 
plans are based largely on the emphasis created by the accident at TMI. Certainly, 
prior to that accident there were planning activities related not only to nuclear 
generating facilities but also to the transportation of radiological materials. 
However, the accident clearly caused dramatic changes in the radiological response 
programs at the state and local levels. Unfortunately, for the purposes of a 
generalized scenario for a radiological accident, the changes and improvements have 
been limited to jurisdictions within the Emergency Planning Zones of commercial 
nuclear reactors. The variance among these jurisdictions is small compared to that 
among jurisdictions that might be vulnerable to radiological transportation 
accidents. As the transportation of radiological waste increases, decisions on the 
storage and disposal of these materials may dramat idy  increase the number of 
state and local governments interested in such planning. 
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Vehicles carrying hazardous materials are placarded and carry information 
that greatly facilitates the state and local officials’ identification and emergency 
action to contain and minimize the impacts of spills of hazardous materiala. 
Handbooks and training course materials on how to contain and handle all classes 
of hazardous materials, including radioactive ones, have been distributed nationwide 
to police, fire, and other emergency response personnel. Transport operators and 
emergency response personnel also are trained in the emergency accident/incident 
reporting systems set up by the Chemical Manufacturers’ Association and by the 
US. DOT. 

Special shipments of radioactive materials involve detailed route planning by 
the cognizant Federal agency and increasingly involve state and local officials of the 
jurisdiction through which the movements are to be made. In some extreme 
situations, the movement is made with convoy escorts and is closely monitored. In 
the near future, automated vehicle location technology wiU pennit worldwide 
tracking of radioactive shipments in nearly real time, with position accuracies on 
the order of 100 meters or less. Such systems are already available in operational 
prototype forms with nearly complete Continental United States coverage. It would 
be feasible to add radiation sensing to provide telemetry indications of a spill of 
radioactive materials. Indications of an accident could be received in the current 
national watch centers, like the U.S. Coast Guard’s control center in Washington, 
D.C., and used to activate the Federal Radiological Emergency Response Plan (See 
below). 

The current structure for radiological response at the state/local level 
allocates a substantial role in incidents to radiological health organizations, normally 
at the state level. In non-power plant accident scenarios, it will be these 
organizations that wil l  provide the first meaningfd monitoring of the immediate 
scene and surrounding area. This process, with support from other organizations, 
wil l  continue throughout the incident. Medical research is not provided for in 
current state/local plans. However, the significant role already afforded to the 
radiological health communi@ and that community’s professional orientation make 
the question of such research in radiological emergencies a far less threatening 
proposition to at least this portion of the response environment. 

State and local radiological emergency plans have focused increasingly on 
sophisticated mechanisms for alert and warning systems and evacuations. Such 
sophisticated approaches often have resulted in detailed information on demographic 
characteristics. In addition, the plans at least have called for a capability to 
monitor and decontaminate individuals leaving an accident zone. These provisions 
have introduced a mechanism for the initial identification and testing of a sample 
of individuals. It is reasonable to assume that over the next several years 
state/local radiological response plans will be updated to provide an expanded 
capability for registering, monitoring, and decontaminating individuals who may 
have been exposed during a radiological incident. 
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Medical community involvement in radiological planning, beyond the 
participation of radiological health organizations, has been limited. However, recent 
actions offer the opportunity to coordinate the considered epidemiological activity 
with other medical activities. For example, recent decisions by the Nuclear 
Regulatory Commission (NRC) wil l  require more substantive planning for hospitals 
that might be asked to treat potentially contaminated patients in commercial 
nuclear facility accidents.' 

Parallel programs for hazardous materials also include significant emphasis 
on state/local planning. However, these programs not only have recognized but 
also have advocated a role for the medical community in incident research. 
Congressional mandates have established an Agency for Toxic Substance and 
Disease Registry to support response to toxic releases and research-related medical 
consequences. Title I11 of the Superfund Reauthorization Act provides a model 
procedure for toxic materials that also might be useful in conducting medical 
research during radiological accident and response operations. 

The state/local radiological programs which include significant plannmg 
efforts are characterized by extensive drill and exercise programs. While arguments 
that the exercises are too burdensome are sometimes presented, exercises are 
generally recognized by the emergency response community as the highest priority 
activity in maintaining an emergency response capability. 

Federal planning places great reliance on the plane and capabilities of state 
and local governments. Thus, any serious consideration of coordinating research 
with ongoing emergency operations wil l  rest in part on the state/local plans. 

C. FEDERAL RADIOLOGICAL EMERGENCY RESPONSE PLAN 

The Federal Radiological Emergency Response Plan is generally recognized 
as the basic documentation for Federal response to such emergencies.' As such, it 
addresses two Federal response contingencies. First, it provides mechanisms for 
the coordination of Federal support of state and local governments. Second, it 
provides for requisite coordination among the Federal response family. Thus, it 
outlines the points of coordination and any resultant obstacles to effective 
coordination of research with Federal emergency operations. 

The plan provides for a consistent Federal response structure that varies 
only in lead or "cognizant" responsibility for the technical aspect of an accident. 
Thus, the cognizant Federal agency might be the NRC, the Department of Energy 
(DOE) or the Department of Defense (DOD). In addition to the cognizant Federal 
agency, response to the public consequences and non-technical support are 
coordinated by a senior official from the Federal Emergency Management Agency 
(FEMA). 
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The plan must be viewed as three interlinking parts. The first component 
is actually published in the Federal Register as the Federal Radiological Emergency 
Response Plan, which contains only a basic role definition and coordination 
~tructure .~ The plan allows for the creation of a Federal Reaponae Center (FRC) 
and, under the structure of the additional guidance provided in a second 
component, the Federal Radiological Monitoring and Assessment Center (FRMAC). 
This second component offers important procedures and policy on the 
environmental and radiological health sampling and modeling that will be carried 
out. Both the FRC and the FRMAC wil l  focus heavily on provisiona for the 
coordination of any Federal response with the parallel responses of state/local 
resources. The third component, a number of separate documents, is intended to 
provide details on how the agencies, which have lead responsibilities in the 
response, will work within the two previously mentioned components and with 
other Federal agencies. It is in this component that the Department of Health 
and Human Services,' for example, would identif'y how it would operate within 
both the FRC and FRMAC to support public health. 

Exercises by Federal agencies have recently identified a number of issues 
that require further planning action. In addition to clarifjing Federal leadership, 
answers to questions of funding the activation of the plan, providing further detail 
on interagency policy and coordination, and more clearly specifying the support 
available under the plan, have all been called for. 

The development of meaningful policy and procedures for medically related 
activities has been slow. For example, in the medid  operational scheme, the 
current planning efforts involve the activities of HHS, the National Defense Medical 
Service, Radiation Emergency Assistance Center/Training Site (REAC/TS), and 
others, However, the coordination of these separate resources is dealt with only 
structurally, leaving roles and responsibilities to & decisions. The recent shift 
of overall medical responsibility to the Centers for Disease Control's (CDC) Agency 
for Toxic Substance and Disease Registry offers the opportunity not only to 
expedite the development of this aspect of the Federal plan, but, in doing so, also 
to integrate the actions required for effective medical research. 

Scenarios under consideration in this study can be characterized as involving 
commercial nuclear operations, sabotage/terrorism, and transportation. As we 
have noted, the Federal plan has been motivated largely by commercial nuclear 
operations. Planning directly related to tramportation seems to have been 
untreated mainly at the Federal level. Although the FRJ3R.P provides the general 
framework for Federal response, some deliberate distance has been kept between 
commercial nuclear reactor/transportation incidents and defense-related incidents. 

It can be argued, however, that the radiological response capability dispatched 
from Federal resources is as available at any one site in the country--a commercial 
nuclear facility or the scene of a radiological transportation accident-as it is at 
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another. Since there is little sigmficant change in the circumstances that would 
complicate the response, this rationale seems valid. Recent exercises involving the 
various scenarios contemplated in this study have served as a catalyst in the 
development of relevant policy and operational guidance. 

D. DISCUSSION 

Generally, research has not been considered explicitly in current radiologid 
response planning. While there is some indication of at least paasive resistance to 
the subject by responders, there is growing acceptance of the need for real-time 
research in order to further the sciences involved in emergency response. Both 
nuclear and engineering research related to nuclear accidents and social science 
research related to natural disasters have been increasingly accepted by the 
response community. 

An example of such natural disaster research involves behavioral science. 
Since about 1979, a number of Federal agencies have cooperated to produce 
comprehensive and quantitative hurricane evacuation studies for u88 by local 
officials.6 One of the key components of the studies is an analyais of the behavioral 
response patterns of the general public to evacuation orders issued by local 
officials.' The analysis incorporates estimates, compiled from behavioral studies 
performed on a number of hurricanes, which provide guidance. Such guidance, in 
turn, is used by local emergency managers when making decisions regarding 
evacuation orders and the use of public shelters in response to actual hurricanes. 
Thus, it is increasingly evident that research is being particularly well received 
because it is seen as an information source for responders during an incident. 
There is some promise that epidemiological studies can be tied, at least in part, to 
ongoing medical support and decontamination activities. Research should be 
recognized as an integral and useful component of emergency operations. 

Emergency response programs and plans have focused increasingly on the 
acquisition of more detailed information on the environment and the demography 
of potential accident sites. The implementation of integrated data bases and geo- 
coded information systems is likely to accelerate this trend Various response 
elements are necessary to permit the sharing of data bases. Further, they are 
necessary for the sharing of information on data needs, permitting the opportunity 
to determine cost-effective means to provide required decision and operational 
support data. Quality assurance checks on the alert and notification systems 
around commercial nuclear facilities, as well as public information mailings, have 
resulted in the maintenance of certain demographic idormation and population 
listings. Simply defining and sharing research data needs among both the technical 
and response agencies may yield substantial background data An idealized data 
needs list should be developed and analyzed by an appropriate group such as the 
Federal Radiological Preparedness Coordinating Committee. Possible matches in 
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existing data bases should be identified, and a response regarding the practicality 
of individual data needs should be provided 

Current planning provisions provide for passive rather than direct population 
control. Plans call for evacuation advisories and the provision of facilities for those 
who choose to avail themselves of monitoring and decontamination facilities. These 
provisions do not clarlfy whether evacuees wil l  be encouraged to pass through the 
facilities or how such facilities should be operated The facilities offer perhaps the 
primary opportunity for early contact with potentially contaminated cases and 
promote the collection of necessary epidemiological data Procedures should 
facilitate decontamination and provide priority direction of contaminated cases to 
medical treatment. 

E. SUMMARY 

Experience has demonstrated the value of coordinated research on human 
health effects of radiological emergencies. To date, however, response structures 
and plans typically have not included provisions for research. Historically, 
information gathering has consisted largely of a post-incident review or a 
reconstruction of an incident. Even the results of such limited analyses have not 
been consistently or systematically shared with emergency responders nationwide. 

There are indications, though, of a growing recognition of the importance of 
medical services to effective emergency response. Emergency responders and 
local/state response planners have begun to advocate an increased role for the 
medical community and incident research. At the Federal level, the evolving role 
of the Centers for Disease Control’s Agency for Toxic Substances and Disease 
Registry creates the potential for an identitied focal point to support response to 
toxic releases and related medical research. In addition, the implementation of 
Title I11 of the Superfund Reauthorization Act (SARA) provides for a potentially 
useful emergency planning structure at the state and local levels. Both of these 
offer the opportunity for greater integration of medical activities, including research, 
into the response structure. 

In conclusion, the need for research on human health effects and appropriate 
medical response to radiological and hazardous materials emergencies exceeds what 
is available in existing plans. However, the interest in, and mechanisms for, 
increased research and the sharing of research Gndings are in place. 
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CHAPTER Vn. WHAT ARE THE DIFFICULTIES IN 
ACTIVATING RESEARCH AT ‘“WE 
TIME OF A DISASTER? 

A. INTRODUCTION 

The collection of data useful for understanchg the effects of radiation on 
human health must be coordinated with the work of the various responsible 
authorities and must not interfere with concerns of more immediate priority, e.g., 
search and rescue, evacuation, trauma management, and decontamination. 

B. LEGAL CONSTRAINTS 

The organizational issues must take cognizance of the legal constraints placed 
on some governmental agencies to protect information, such as the Censua Bureau 
data for small, defined area that may be obscured by the way data are handled 
to ensure privacy. 

Emphasis must be placed on the importance of personal and address 
information that is kept under restricted access provisions by the Internal Revenue 
Service and the Social Security Administration. At present, access to this 
information is available under very limited circumstances. An examination of the 
issue of access under the conditions under consideration is mandatory. School 
records and property tax records are additional sources of valuable information 
that should be examined for access. 

C. PERSONAL PWACY ISSUE 

A further issue, beyond the scope of this study, concerns the privacy rights 
of individuals that would directly affect the adequacy of any data collection activity. 
Would every person from whom information ia sought for research purposes have 
to sign an informed consent before the data collection and biological sampling could 
proceed? The experience of the CDC (HHS) in obtaining idormation and biological 
samples during its investigations would be useful in resolving this issue. 

D. ORGANIZATIONAL ISSUES 

There exists a multiplicity of primary jurisdictional authorities, depending 
upon the place and nature of the disaster. Each authority haa some level of 
competence and training/experience that is related to the interests of research. 
The question is how to relate the human studies research effort to each of the 
primary authorities under the range of circumstan ces that would be of interest to 
investigate. 
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The problem can be divided into two parts. The first is related to the 
research effort: 

1. Should the research effort be a centralized function? Or should the research 
effort be part of the function of the primary authorities in a decentralized 
manner, retaining only central design, training, analytic, and repository 
functions? 

The second pertains to the relationship with jurisdictional authorities: 

2. With either a centralized or decentralized system, organizational agreements 
between the central component and all primary responding units wil l  have 
to be developed to assure the proper activation and utilization of the research 
wing. This may be achieved through an addition to the Federal Radiological 
Emergency Response Plan (FRERP). How can state, and especially local, 
authorities be formally related to the research effort? 

In terms of the organization of a research cadre for a purely &ilian, 
domest ic rad  'ation disaster, either a centralized or decentralized personnel resource 
is possible. The advantages of a centralized system are apparent when the 
alternatives are weighed 

The advantages of a centralized system are: 

it is easier to manage, train, and mobilize; 

uniformity of primary research protocols can be assured; 

substitution of personnel from a national pool would provide for optimal 
response coverage; 

supervision of the research personnel is simpler and supervisory personnel 
can be drawn from existing Federal resources, eg., USPHS; and 

the Federal sector has experience with national medical resources 
(USPHS, REAC/TS) and can use either existing structures or can create 
a "research reserve" under a lead agency. 

The disadvantages of a centralized system generally relate to the 
arrangements that wil l  have to be made with all Federal, state, and local 
authorities to permit the integration of the research element into exbting response 
systems. Within the Federal sector, such an agreement can be made through a 
simple addition to the FRERP, whereupon each agency wil l  have to develop 
implementation methods to achieve the goals agreed upon. If a centralized system 
is chosen, housed within the Federal government, the responsible agency should 
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have the experience and interest in research necessary to manage the effort. It 
also should have credibility, so that the public will accept the study as devoid of 
bias. The problem of placing a Federally sponsored research element into a state 
or regional response system quickly would require some similar arrangement with 
the states, revisions of state emergency response plans where such plans exist, and 
the designation of responsibilities for research to either the Federal or state level. 
Although all of these measures are possible, they wil l  be diflicult to achieve in the 
current level of response planning development. 

The advantages and disadvantages of a decentralized research system can be 
stated in the same terms as noted above for a centralized arrangement. Assuming 
centralized development of research protocols, training, analytic capability, and 
repository functions, some degree of dissimilarity of personnel selection, supervision, 
and on-site control wil l  occur in any decentralized system. There would have to 
be almost certainly a replication of a Federal research response team and 
local/state research response teams, each to be used when the circumstances 
dictate that one or another organizational level is in control. States could take 
advantage of their State National Guard organizations as patterns for the training, 
mobilization, and supervision of decentralized teams. A Federal-state relationship 
for decentralized research teams could follow the pattern now used for the National 
Guard and the Department of Defense. The need for revising existing plans at the 
Federal and state levels remains the same as for a centralized system. 

A decentralized system would require more personnel than a centralized one. 
In a technological short-labor-supply market, this would be a serious impediment. 
Furthermore, the use of trained teams away fkom their home bases wi l l  impose 
new requirements for mobilization, transportation, pay, etc., that would have to be 
negotiated in a complex multi-state and Federal agreement. 

An advantage of a decentralized system is that the research teams can be 
brought to the scene of a disaster efficiently and quickly. The teams would have 
some knowledge of local conditions that would enhance the likelihood of a 
successful outcome from their efforts. The present Federal and local organizations 
concerned with emergency response should be studied with a view to deciding 
whether a centralized or decentralized research cadre system would be more 
effective. 

In the event of a military accident with radiation releaee, the primary 
responsibility for management rests with the Department of Defense, supported by 
other Federal agencies. The research value of such an event does not differ 
qualitatively from that of civil disaster scenarios, dthough security restrictions may 
be applied to source terms and levels. Data requirements concerning exposure and 
health effects are the same as those in a civilian environment. 
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Regardless of mechanisms used in collecting information, military radiation 
accidents should be considered the same as civil disasters for the purpose of 
research into human health effects and should use the same protocola aa those 
used in civil disasters. 



CHAPTERVIII. CONCLUSIONS AND RECOMMENDATIONS 

The Subpanel believes that it is desirable and feasible to prepare ahead of 
time to gather information on health effects during and after certain types of 
radiation accidents. The Subpanel feels this can be accomplished without detracting 
from response during the emergency phase. Accomplishing this task should not 
require a major effort by the responsible Federal agencies. 

In evaluating whether it is desirable and feasible to develop the capabilities 
to study health effects of nuclear disasters, the Subpanel has not attempted to be 
all-encompassing in regard to the gaps in our knowledge of effects, to the variety 
of accidents possible, or to the information which could be gained 88 the result of 
accidental radiation exposure. The types of accidental exposure of both large and 
small populations examined, however, do show the desirability of M h e r  study and 
direct action to acquire this information. 

In view of the wide variation in the formality of institutional controls in 
effect for responding to accidents, the implementation of such a program will 
involve a varied approach. For agencies and facilities covered by the Federal 
Radiological Emergency Response Plan, the medical investigation aspects could be 
introduced into the basic objectives of the existing program. For smaller, remote, 
and transportation accidents, the concept must be superimposed on a diverse 
medical response system. 

The responsibility for an overview of all the activities does not presently 
exist, nor do the mechanisms for the d o r m  collection of research information 
and the storage and analysis of data, all of which are necessary for a workable 
nationwide system. Despite the difficulties, the Subpanel feels that the effort 
would be worthwhile and should be undertaken. 

k CONCLUSIONS 

1. There is a need to augment our current knowledge about both the acute 
and long-term effects of ionizing radiation on human health. 

2. Opportunities for medical investigation were missed in some past radiation 
accidents. 

3. It is increasingly important, in view of the present state of human and 
animal health effects research, that clinical and/or epidemiological research 
be performed in the event of signiscant human population exposure to 
ionizing radiation. 
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4. There are steps that can be taken before a radiation accident that will help 
to prevent the loss of information necessary to study health effects from 
radiation. Some specific recommendations are listed below. 

5. At present, there are no plans for post-accident medical research included in 
Federal and local plans for coping with radiation accidents. There are, 
however, plans for screening and treatment that could lay the foundation for 
protocols for medical research. 

6. There are organizational and legal difficulties that would have to be dealt 
with in pre-disaster planning. 

B. RECOMMENDATIONS 

The Subpanel recommends a pre-disaster p h m h g  effort to organize the 
collection of health-related information. It was not the Subpanel’s intent or 
responsibility to determine precisely how the existing emergency preparedness 
procedures might be modified to accommodate the research effort. The Subpanel 
recommends a follow-up effort to develop recommendations for implementing a pre- 
disaster planning effort. 

The Subpanel identified what it saw as needs and problem to be addressed 
and, in some areas, offered specific suggestions and options. It believes that the 
following recommendations for implementing a plan should be considered in any 
follow-up effort. 

1. 

2. 

3. 

4. 

5. 

6. 

A central decision mechanism, that would evaluate an event to decide 
whether a research effort should be activated, should be developed and 
included in Federal plans for coping with radiation accidents. 

Federal plans should be developed for assuring the availability of medical 
research teams for assessing health effects following a radiation disaster. 

Legal disticulties in obtaining information from questionnaires and biological 
monitoring should be identified and resolved. 

A uniforpl radiation research questionnaire should be developed and tested. 

Plans should be developed for obtaining a census of those Sected by an 
accident and establishing a study cohort for poeeible follow-up analyses. 
Methods for selecting an appropriate comparison group should be identified 

Research response should be kept current on the effectiveness of various 
types of biological dosimetry. 

i 
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7. Research plans may have to be modified in the event that 
authorities consider the distribution of blocking agents. 

competent 
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APPENDIX A 

SUBPANEL CHARTER 

h r D O S Q  

TO evaluate the desirability and feasibility of developing the capability to study humnn 
health effects of nuclear disasters. 

TMI and Chernobyl differ in regard to expectations that new scientific information could 
result from studies of the respective exposed populations: follow-up studies of the TMI 
incident seemed to have little or nothing to offer, while it is widely believed that studiea 
of the Chernobyl disaster should be scientifically productive, 

Since the yield of any study of a disaster may well depend on the speed with which 
dosimetric and biologic observations may be made, it seems desirable to consider whether 
certain research plans should be in place and research groups identified in the event that 
disaster strikes. Accordingly, the Science Panel proposes to establish a Subpanel on 
Pre-Disaster Planning for Humrrn Health Effecta Research that would review the issue, 
prepare a brief report, and make specific recommendations as to whether such plane should 
be developed. 

Chamq 

In the course of its deliberations the Subpanel will: 

1. 

2. 

3. 

4. 

5. 

6. 

Review existing scenarios for nuclear disaster (excluding nuclear war) with 
respect to: 

a the nature of the emissions forecast; 
b. the size and demographic composition of the e x p o d  population; and 
c. the distribution of the exposed population with respect to anticipated doses 

from specified forms of radiation, e.g., iodine-131 to the thyroid. 

Review existing gaps or inadequacies in our knowledge of the human health 
effecta of ionizing radiation, e.g., the effect of iodine-131 upon the incidence of 
thyroid cancer. 

Evaluate the sigdicance of any scientific investigation that may be suggested 
by existing scenarios from (1) above in the light of our deficiencies in knowledge 
idenWied in (2). 

Examine exiating contingency plane for coping with nuclear dieastern to 
determine the nature and extent of medical information required to be obtained 
and what, if any, additional might be desirable. 

Consider what, if any, advantage would accrue to the potential research if it 
were based on pre-disaster plauning. 

Evaluate the likelihood that the activation of pre-planned research would 
interfere with the organized effort to cope with the disaster. 

The Subpanel will recommend either fpr: or e an organized pre-disaster p m g  
effort to organize the collection of vital health related information. 



APPENDIX B 

SUBPANEL MEMBERS 

Department of Commerce 
Mr. Charles M. Eisenhauer, Chairman 

Department of Defeme 
Dr. Thomae MacVittie 

Dr. Robert Young 

Department of Energy 
Dr. Robert Goldsmith 

Department of Veteraru A 5 h  
Dr. Daniel Webs* 

Federal Emergency Management Agetncy 
Dr. Robert Wilkerson. 

Nuclear Regulatory Cornmimion 
Mr. James A Martin 

ConSuItanta 
Department of Health and Human Servicea 

Dr. Gilbert Beebe 

Oak Ridge Associated Univemitier 
Dr. Clarence Lushbaugh 

. .  Technical Program L a m  n 

oRAu/cIRRPc 
Mr. David Smith 

+Retired 
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