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c_. I 

The Rational Academy of Sciences vas established in 1863 by Act of 

Congress as a private, nonprofit, self-governing membership corporation 

for the furtherance of science and technology, .required to advise the 
federal government upon request within ita fields of competence. Under 
ita corporate charter the Acade� established the Rational Research 

Council in 1916, the Rational Acade� of Engineering in 1964, and the 
Inat�tute of·Medicine in 1970. 
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ROBERT R. WHITE 

Duector of the Acadeay Porua 

The �orum is a plattora that is ottered by the National Acadeay ot 

Sciences tor the public discussion of national issues involving the 

uses ot science and technology. The purpose of the Porum is to provide 

an opportunity for a diverse group ot experts and citizens to excbange 

varied viewpoints on these issues. Its goal is to illuminate rather 

than to reach tirm conclusions. 

Since the tall of 1979 the disposal of biomedical wastes has been 
very much in the forefront of concern aaong various groups in the 

National Academr of Sciencesa the Assembly ot Matheaatical and Physical 

Sciences, the Assembly of Life SCiences, the Commission on Natural 

Resources, ana the Academ¥ Porum. Of course, that was a crisis timer 

the disposal.tacilities had become unavailableJ the whole topic became 

very much a moving target as to what we shOuld ao. 

It wasn't until the spring of 1980, when the National Institutes ot 

Health suggested that an Academy Porum would be in order, that we 

received the vital spark of ignition that produced this gathering. 
Interest ana support also have come from the Nuclear Regulatory 

COmmissiOn. 

I would point out that a forum 1s very dlt terent trom a symposium. 

We discourage elongated presentations and the delivery of papers in 

favor of perhaps a more blunt approach: to simply state the problem 

and get the responses to it from a panel of people who we think are 

rather qualified to answer , and from an audience that we hope is 

interested ana also qual1t ied. The essence of a torum is dialogue, and 

the audience 1s just as important as the principals that we gather 

together as part of this resource called a platform. 

The key person in an attair ot this sort, particularly it the 

d iscussion gets hot and heavy, is the man who directs traffic. We have 

provided tor you a chairman who is an expert at directing tratt1c. In 
1965 he was elected to the National Academy ot Sciences and in 1973 to 
the Institute of Medicine. As Dean of Science at the Massachusetts 

Institute ot Technology, he is not only interested but also involved i n  

the problems that we will be discussing. 
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WELCOME BY THE CHAIRMAN 

ROBERT A. ALBERTY 

Dean ot the School of Science 

Massachusetts Institute ot Technology 

I want to welcome you to this discussion ot a problem that we think 

is of real national interest. This particular Forum has been 

stimulated by problems ot disposing of low-level radioactive biomedical 

wastes. Radioactive isotopes are so usetul in biological and medical 

research and in some kinds of medical treatment that their use has been 

expanding and now is very large. This 1s particularly true ot the use 

ot scintillation fluid, which is something we are going to hear a good 
deal about today. 

The disposal ot these wastes is a problem at the present time 

because of the very limited number of disposal sites and because ot 

uncertainty about the continued availability ot these sites. There is 

a concern about the tact that research and medical treatment may be 

Jeopardized by future developments concerning these sites. We believe 

that other possible means of disposing of these low-level wastes are 

not being adequately util1zed, and so that is going to be discussed in 

detail. 

The General Advisory committee ot the Academy Forum has been 

tollowing this developing problem over the last several years. We are 

grateful to them and to the Director for bringing together a group of 

people to discuss it and IUlking the arrangements tor this Forum. 

Copyright © National Academy of Sciences. All rights reserved.

Disposal of Low-Level Radioactive Biomedical Wastes
http://www.nap.edu/catalog.php?record_id=18878

http://www.nap.edu/catalog.php?record_id=18878


PURPOSE OF 'IRE roRUM 

CIIARLBS U. LeiwE 

Acting Associate Director tor 

Medic� Applicat1ons ot Research 

Rational Institutes of Bealtb 
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I bring you greetings tra. Dr. Donald Fredrickson, the Director ot 
the National Institutes of Health (NIB). I know I speak tor h� wben I 

express tbe hope that this particular POrua w1ll prove to be useful. 

We hope it will generate a aeries ot steps leading to a resolution ot 

some ot the probleas tacing those institutions ot bigber learning that 

support biomedical research and thOse health service organizations 
supporting programs in nuclear medicine. 

The NIH is the principal national source of funds supporting 

blomedical research, particularly the so-called basic research that 
produces the largest portion of the low-level radioactive biological 

waste with which we are concerned at this Porum. In tact, it bas been 

estimated that about 85 percent of the low-level radioactive waste 
produced in this country is generated either by those scientists 
supported by the NIB or by the laboratories of the NIB on the campus in 
Bethesda . We obviously, therefore, have both a responsibility as well 
as concern that our constituents have publicly acceptable methods for 
the disposal ot the rad ioactive waste generated � their research. 

We find ourselves at the NIB in an anomalous position. We 

acknowledge our concern and responsibility but tind that the National 

Institutes of Health has no statutory authority to deal with these 

matters. We have chosen, therefore, a second-order type of solut ion . 

�e have encouraged the National Academy of Sciences to convene this 
Forum, to bring together in one place those wbO are regulated and thOse 
who regulate. It is our expectation that communication will constitute 
the principal product ot this meeting. Those whO regulate will 
understand the problems of the scientists, and scientists will have 
some perception ot the constraints that operate upon the regulatory 

agencies . 

we were encouraged to proceed with this Porum beCause of our belief 
that the amount of radiation generated by biomedical research makes a 
trivial contribution to environmental radioactive contamination, and 

therefore these wastes can in large measure be disposed ot at the site 
of production. Until recently, most research organizations and 

scientists had access to burial sites tor disposal of their wastes. 
This was an easy and satisfactory solution, and it discouraged 
institutions and individual scientists from studying the current 
regulations to determine whether there were other methods ot disposal 

of wastes that were either less expensive or provided greater automony 
and independence ot trucking contracts. Examination of this issue 
should convince you that local disposition is, in many instances, not 
only quite safe but also complies with the national regulations. 

Having said that, and having urged scientists to deal with the 

problem locally, we note that statutes in a variety ot jurisdictions 

appear to preclude local disposition. Jurisdictions have enacted the 
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statutes to vbicb I re�er 1.D tbe bel.ie� that there is a beal.tb baurd 

created by J.ocaJ. d1.sposal. o� these wastes. 1'o repeat our perception 

tbat tbe heal.tb baurd 1s tr1.v1.al. or DODes1.steDt, it wouJ.d be our bope 

tbat, as a resul.t of tb1.s lOr.-, thOSe w1.tb respoDS1.b1.J.ities iD these 

.. tters wil.l. be abl.e to convince poJ.iticaJ. bod1.es tbat restrictive 

l.ocal. statutes are uanecessary aDd, in �act, create probl.eiiS tbat Deed 
DOt exist. 

fte AllericaD AssociatioD of MecUcal. Coll.eges (AAMC) bas devel.cped 

wbat I believe is aD estra.el.y useful and careful.l.y writteD dOcument 

tbat deal.s with these beal.tb issues. I bope tbat the AN«: w il.l. .. ke 

this document avail.abl.e to you aDd in additioD assure tbat it bas w1.de 

distribution. You will find it, I believe, aD uDusually helpful. 
dOCU-Dt. 

"l'he spec1tic and limited purposes of this Porua are two�old, and I 

would urge all who participate in the discussion, both the speakers on 
the pl.atfo� or those on the floor, that you keep these purposes 

clearly be�ore you. 

we intend �irst o� all. to describe the Dature of the problea as 

viewed by the Dation and by scientists. What is the issue that we need 

to �ace in considering disposing of low-level ioniziDg radiation 

generated either by bioaedical research or by thOse whO use these 

isotopes in the process of diagnosis of illness through wbat is known 

as nuclear medicine? Why does the probJ.em occur now? What is the 

magDitude of the problem? Bow general is the probJ.em? I believe it is 

important that this tirst set of questions be answered. 

Then we move to the second purpose ot the Porum, and that is to 

identify solutions that are available here and now, tomorrow, the next 

day, and over the next year or two. We are not attempting to address 

long-term solutions, nor are we prepared to discuss the need tor new 

statutes or a change in curreDt regulations, thOugh these seem to be 

iaainent. 

We bel.1eve that it these ao.luttons are examined today, those in 

attendance will leave with a sense that the scientist can in fact 

regain some measure of control over his own destiny and become 

indepeDdent of what has appeared at times to be an idiosyncratic if not 

whimsical opening and closing of the currently available burial sites. 

I encourage you to enter into these discussions vigorously. I know 

the prOduct wi.ll be a constructive document, and I hope it proves to be 

useful to all those whO are engaged in research and the generation of 
these low-level wastes. 
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WHERE Aim WHAT ARE "l"''B WAS'l'BS? 

OVERVIEW: 

LELAND R. COOLEY 

Radiation satety Otticer 

University of Mary�and at Balt�re 
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Working in a medical academic research facility for the past 11 

years, I have gained deep knowledge of these wastes. I have been up to 

my e�bOws, up to my knees, and now up to my neck in them tor the past 2 

years. 

The University ot Maryland, which can be characterized as a typical 

medical research tacility, annually generates about 400 drums ot 

low-level waste that we process, package, and ship tor burial. Other 

work in the area of waste management includes two studies tor the 

Nuclear Regulatory Commission (NRC) characterizing institutional waste 

generated by the nation's large medical and academic institutions in 

both 1975 and 1977. we also have studied the biological waste 

conponent. 

I will begin with a description of what low-level waste is. It 

also is important to understand what low-level biomedical wastes are. 

For the purpose of NRC regulations, low-level waste is detined as that 

which is not high-level waste, or that which is not a by-product of 

mining and milling of uranium, that which is not a by-product ot 

reprocessing nuclear tuel, or that which 1s not waste containing 

transuranic elements at more than 10 nanocuries per gram. 

That leaves a rather broad spectrum, an open catch-all for 

e verything else to tall into. In 1979, the latest estimates suggest 

that this country produced and buried in the three commercial shallow 

land burial sites some 79,900 cubic meters ot low-level radioactive 

waate. In volume comparisons, that would translate to roughly 366,UUU 

55-gallon drums. Of this, 40 to 45 percent ot these wastes came from 

the nuclear power industry, 8 to 10 percent trom governmental sources, 

primarily detense-related wastesJ up to 25 percent from the 

industrial-commercial sector, and another 20 to 25 percent from 

biomedical research tacilities. The institutional tract1on translates 

to roughly 73,000 drums. 

As to where biomedical wastes come trom, more than 70 percent ot 

institutional waste or1ginates trom medical and academic institutions 

east of the Mississippi River. Considering how the materials are used 

in research and medical settings, it follows that the majority ot the 

radioactive wastes are generated by the population centers along the 

Atlantic Coast, primarily the mid-Atlantic and the northeastern United 
States. 

With respect to the physical characteristics ot these wastes, 

roughly 45 percent is liquid scintillation counting wastes. Thia is 

roughly equal to 32,000 drums. 

I think it is worth pausing to discuss turther what liquld 

scintillation wastes are, tor thOse ot you who may not know. The most 

commonly used substances in research are radioactive hydrogen and 
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carbon, tbat ts, bydrogen-3, or tr1ti .. , aDd carboo-J.4. 2'11ese are 

eJECePt1ooaJ.J.y use�ul t:ooJ.s 1D researCh 1D tbat bydrogen and carbon are 

the �ulld,...ntal ele��ents 1n any organic ""'II()Und. '10 trace the 

.ove��ent or changes o� organic o 110UDdB 1D ceJ.J.s, tuasues, or organ 

sysa.&, you need to eJIPloy CXJIIIJOUDd& tbat can be detected--and 

carbon-14 ana triti .. are the .ost e:c oo builclilag bJ.ocks 1n -king 

labeled COIIIJOund&. 

In order to detect the very, very weak radiation eattted by 

bydrogen-3 and carbon-14, you .ust place -11 quantities into liquid 

scintillation tluids. As described in the fact sheet, these are 

pri .. rily toluene, xylene, or sc.e other ara.atic hydrocarbon . '.rbe 

energy �rOll these r adiations, as low as it is, is transtor.ed into 

�ight by the �iquid scinti�lation .edia. The light is detected and the 

event recorded . 
Because o� current packaging aethods, each ot the 32,000 druas ot 

liquid scintillation waste contains roughly 2,500 individual little 
vials. The glass vial is no aore than 2 inches ta��. three-quarters ot 
an inch in diameter, bas a little plastic cap, and on the average 
contains �0 cc•s of liquid scintillation counting -.dia. The totaJ. 
volume of what you would call radioactive waste in a 55-ga��on drua is 
roughly 6 to 8 gallons of organic liquid. On the average, each drua 
contains about 200 aicrocuries of tritium and possibly 1 aicrocurie ot 
carbon-14. 

As a comparison, approxt.ate�y 2 million curies of tritium are 
prOducea in the atmosphere every year. This leads to a calculated 
steady state somewhere in the neighborhood of 35 million curies ot 
tritiua. The total amount of tritium in the liquid scintillation 
waste, which is the largest component ot biomedical. wastes, is 
estimated to be between 8 and 10 curies. 

As tor carbon-14, the average activity of 1 microcurie per drua ot 
liquid scintillation vial waste is quite small compared to roughly 
3 8, 000 curies ot carbon-14 prOduced annually in the environment by 
natural means, and a steady-state environment of some 315 million 
curies. 

Liquid scinti�lation tluids are toxic by their chemical nature, but 
are presently treated as low-level radioactive waste and are dutifully 
packaged in drums. The absorbents added to each drum amount to more 
than twice the volume of the liquid. The majority shipped to Banford, 
washington, entails a rather expensive cross-country trip for wastes 
produced on the East Coast. 

Right nov, the average cost tor a relatively �arge East coast 
institution to transport and bury a drum of waste is $160. Small 
producers may pay as much as $240 per drum to get rid of these vials. 

The other s1gnificant portion of the wastes, approximately 40 
percent, is dry so�ids, which is equiva�ent to roughly 29, 000 drums. 
Here we tind normal wastes froa the laboratories: paper, disposable 
gloves, bench covers, plastic, glassware, pipettes, and other various 
solids that may or may not be contaminated with radioactive materials. 
Probably �ess than 10 to 20 percent of the institutions producing dry 
waste employ volume reduction techniques simply because they can't 
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attord a cc:.pactor. In general, .ast institutions are sending out 
druas tbat weigh about 2 00 pounds ot genera� retuse. 

Another 1 0  percent ot the institutional wastes, aa.e 7, 300 druas, 
contain biological waste. In our studies, we tound biologica� waste to 
be prtaarily an�l carcasses. These wastes are principally dogs that 
have been used in the deve�opment ot radiopbar.aaceuticals or in tbe 
research stages of developing new techniques for nuclear .edicine. 
Another signiticant portion is smaller antaa�s such as rats and aice, 
which have been aaainistered carbon-14, tritiua, or other tracers tor 
aetabolia or basic science studies. 

I think 1t is also �rtant to understand bow these 7, 300 druas ot 
bio�ogical waste are packaged. A 55-gallon drua contains a 30-gallon 
drum packed in an absorbent. Inside the 30-gallon drua are the ant.al 
carcasses, which are mixed with lime and more abSOrbent. The co.pleted 
drum may contain 60 to 80 pounds of animal carcasses. Add to the 
disposal cost of $200, the cost of the steel drums, plus the liae, plus 
the labor, and you are talking about tilet mignon prices to get rid of 
animal carcasses that contain very low levels ot radioactivity. 

The last signiticant traction of biomedical waste is absorbed or 
soliditied liquids. This is rough�y 6 percent ot the institutional 
waste volume. From our studies, we tound liquid waste to be roughly 
equal in terms of aqueous or organic liquids. These are absorbed or 
soliditied in drums, and then sent off to the burial site. 

The total amoun� ot radioactivity in the institutiona� wastes, in 
very overstated terms, may amount to 3, 500 curies. However, nearly 60 
percent ot this activity is in the torm of discrete sealed sources, 
such as tritium targets from neutron generators or very large tritium 
gas targets tram accelerators, calibration sources, etc. This leaves 
perhaps 1, 500 cuties that could be considered as distributed throughout 
the biological, ary solid, or liquid wastes. Almost one-third ot this 
activity consists of radioactive materials with halt-lives of less than 
90 days. It left for a period of 3 years, this third would have 
disappeared by natural decay. Another one-half of these 1, 500 curies 
is in the torm of tritium. Looking at liquid scintillation fluids, you 
can see that a very small fraction of it is distributed in a very large 
volume. The remaining one-sixth of the activity is carbon-14 and other 
long-lived radioactive materials that are distributed throughout the 
waste forms. 

I think it is worth sharing some persona� experiences and 
unaerstanding of why we are where we are. As Dr. Lowe asked, why is 
there a crisis with handling institutional waste? Well, I have saae 

opinions that I think are shared by my colleagues who are responsible 
t or radiation safety programs and waste management at other 
institutions. 

Until recently, waste disposal was rather simple and inexpensive. 
We paid about $50 tor disposal per drum. There were six or seven sites 
operating. We could just pop our waste into an $11 drum or other 
suitable container and send it otf. With the closings of at least 
three of the sites, and the volume restrictions placed on Barnwell, 
SOuth carol1na, transportation and disposal costs have been driven up 
tram the $50 a drum figure to between $1 80 and $240 a drum. We are 
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also faced with the prospect that the sites currently operating .ay be 
denied to us. The passage of a voter initiative in Washington to close 
down the Banford site to all but institutional wastes raises the 
question whether tbere will be sufficient econaaic support to aaintain 

tbat site. If half to three-quarters of tbeir business is stopped, the 
cost of institutional waste disposal aay go up ag ain b¥ a factor of 
three or four. 

Tbe continued operation of the Beatty, Nevada, site is in question, 

as there bas been a very definite expression that local governaent is 
not particularly in support of keeping that site open. 

Tbe Barnwell, South Carolina, site bas alread y been given an annual 
volume limit on the waste it can accept, in addition to the restriction 

against accepting liquid scintillation wastes or other organic solvents. 
Institutions bave been lulled into relying on commercial shallow 

land burial as the most acceptable and d efendable waste disposal 
method. Shallow land burial d id two things. It allowed institutions 
to d ispose of waste in an economical way and it kept the regulators off 
our backs. If we could show that 100 percent of the radioactive 

material received by our institution would be used in the laboratories, 
and everything that could be considered radioactive was thrown into 

drums and sent off for burial, we were covered . There was no worry 
about public or regulatory reaction, and no one was questioning our 
practices. 

With the pressure of increasing costs and the potential closing -of 

the burial sites, we have been forced to take a second look at this 
approach. This is the purpose of this Forum. What are the 

alternatives? What can reasonably be done? And what should be done in 

the very near future to improve our situation? 

J .  CALVIN BRANTLEY 

Vice-Presid ent for Administration 

New England Nuclear Corporation 

I am starting out as commentator primarily because I represent the 
companies that make radioactive products for use by my fellow panel 
members. It might interest you to know that there are only eight 

companies in the world that produce most of the rad ioisotopes for 
medicine and research. There are two that produce most of the 
rad iochemical materials for biomedical research, one in the United 
States and one in Great Britain. There are four companies in the 

United States that produce radionuclid es for medicine. There are about 
three foreign units that make material. It is a fairly limited group 
of companies that originate most of this material. 

Radioactivity is an important part of me d icine today. If it 
weren't for radioactivity, we would know much less than we do about the 
mechanisms of d isease. We would not find it so easy to d evelop d rugs 
for d iagnosis or therapy, and we wouldn't have some of our best 
therapeutic processes. 

For the purposes of this Forum, I would like to divide up the use 
of radioisotopes into four areas: 
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J.. MecucaJ. research or bi�ical research that u•s carbon-14, 
trit1ua, pbospborus-32, iodtne-125, and sul.fur-35. 

2. !!!. vivo nuclear .adicine, that is, tbe diagnostic nuclear 

aedicine tbat is based pr:blarily on tecbneti..,..Y9a with sa.e iodine-llJ. 

and increasing aaounts of tballi..,..201 and galli..,..67. 

l. .!! vitro .adicine, tbe very growing field of radio�noassay, 

which is priaarily baseci on iodine-125 and tritiua. 

4. Therapeutic applications that are prtaarily based on 
iodine-131, cobalt-60, and iridiu.-192. 

Who generates the wastes? Right at the aaaent it is mostly 
industry, universities, and teaching or research hospitals. eo.aunity 
hospitals, which use mostly very short-lived aaterials, really generate 

quite small amounts of waste. Tbey are perfectly capable of storing 
waste tor a tew weeks or a few months to let it decay to disposable 
levels. 

However, those ot us who are using longer-lived materials and large 

amounts of materials generate a very large amount of the waste. Leland 
Cooley's tigures indicate that it is about half of the total and that 
halt is divided between industry and universities. 

Industry has been working since July 1979 on about tour ditterent 

things. After the governors raised the issue, it became obvious that 
industry and universities had a very serious problem in quality control 
with respect to bow to pack the aaterials, how to send it to the waste 
sites, and the amount and fora of material that was in the disposal 
barrel. This problem was taken up by industry through the Atomic 

Industrial Forum. Last month we presented to the three states that 
operate sites our suggested program for quality control administration 

and audit throughout the United States. That program is now being 
considered by the State Planning Council, and we believe it will be 
utilized tairly widely in the United States. 

The second problem is waste reduction to save money and to reduce 
the volume of land burial. Dr. Cooley has described very vividly the 
increases in costs that have occurred in the last year and a half that 
make waste reduction desirable tor all licensees. 

Part of the trouble also is ·just poor administration of waste. One 
doctor says that when he started to look into it in his hospital, he 

became completely convinced that they were burying a lot more 
radioactive labels than radioactivity. People were not manag ing their 
waste. They were throwing anything suspected of being radioactive into 
the drum. People are learning not to do that. They are learning to 
set up waste compactors to compact it. It is an absolute necessity 
that we all do that beCause volume reduction not onJ.y cuts down on the 
costs but also cuts down on the amount of space we are taking up in the 
ground. 

The third item is liquid scintillation liquids, which I won't go 
into because it is going to be discussed considerably later on. 

Industry has been doing research on how to handle some of these 
aaterials and how to develop methods tor handling organic materials and 

aqueous materials. 
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The last thing 1 bave been asked to discuss with you is what 

happens it there is a shutdown. At the tt.e ot the shutdown, which 

lasted tra. October 4 to roughly Decsdler 1 of 1979, it becae apparent 

that industry probably had between 100 days and � year ' s capacity for 

storing waste on site. Universities were in auch worse shape. Those 

of you who are trca universities realize that there 1s not very IIUCh 

room in most universities to store drums ot aaterial that have no use 
tor anything. In my own COIIIIlunity in Boston, Harvard and MIT were 

beginning to get very hard up tor space to store drums by the tiae the 
whole thing ended. 

Industry tOday is beginning to build additiona� temporary storage 
sites. A lot ot us have approached our state governments for 
additional interim storage sites to allow us to have more emergency 

backup. All of us realize that we have got to keep working hard on 
trying to get more sites. 

To sum up, my ideas of the prob�ems we all tace are very largely 
based on a perception problem. The public is atraid of radioisotopes, 
and the political agencies of this country have played upon this tear. 
The very large amount of the tear about the sites that have tailed is 
based upon extremely low levels of radioactivity that have gotten into 
groundwater, very much below what you are allowed normally to put into 
sewer systems. We and you as biomedical people need to get busy and 
try to make people '�nderstand more about how it is used. 

WILLIAM H. BRINER 

Associate Protessor of Radiology 
Duke University Medical School 

C�inica� uses of radionuclides principally occur in departments ot 
nuclear medicine throughout the country in some 3, 300 institutions in 
which this medical specialty is ot tered. As a matter ot tact, in order 
tor a hospital or medical center to be accredited by the Joint 
Commission on Accreditation of Hospitals, nuclear medicine service must 
be available to or for patients in that hospital. It does not mean 
that there must be a nuclear medicine service in each hospital, simply 
that that service must be available in a fashion responsive to the 
needs ot those patients. So it is about 3, 300 institutions about which 
we are talking. 

Bas1cally there are two kinds of studies or examinations that are 
providea clinically. several people have alluded to the � �  kinds 
ot procedures, these are most trequently diagnostic in orientation, the 
imaging tunction studies. People frequently want to hang numbers on 
things, it seems, and it has been estimated that in any given year, 
there may be from 10 million to 20 million of these imaging and 
function types of studies pertormed in hospitals, medical centers, and 
clinics. 

These procedures involve both anatomical imaging, if you will, and 
tunctional information. Nuclear medicine has changed rather 
dramatically in the �ast 10 years in that additional emphasis on the 
tunctional aspects of the patient are being examined in nuclear 
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aedicine procedures, in such organ systells as the heart, lung, liver, 
ana kiGney, as we.ll as the skeletal and central nervous syst- and the 
tbya: oid, to naae but a few. 

Now, in this kind ot clinical use, the dispoaa.l of low-level waste 
that accrues troa such uses is a lesser problea than that which is 
encountered in the other category of clinical utilization of 
radionuclides, the � vitro area of interest. In in vitro studies, no 
radioactivity is adainistered to the patient. Rather, a saaple, 
usually of blood, is reaoved from the patient and subjected to 
reactions with radioactive coapounc:ls in the laboratory. 

In !.!!!!, (imaging function) studies make use of radioactive drugs 
with short halt-lives measured in hours or small numbers of days. In 
the in vitro areas, it is somewhat longer, still measured in days for 
the •oat part, since the majority of them are done with a particular 
radioisotope ot iodine (iodine-125) and, somewhat less frequently, 
tritium or hydrogen-3. Here we get into some waste disposal prob.lems 
because of the more prolonged half-lives of the nuclides used for this 
purpose. 

In vitro tests measure such things as hormonal and therapeutic drug 
levels (tor example, thyroid hormones, the digitalis glycoside&, and 
aminoglycosides). In addition, a wide variety of chemical and 
biochemical substances, antigens and antibodies, all of which are 
important to the health ot the patient, can be measured rather 
exquisitely and extremely sensitively by this method. Indeed, there is 
someone on a �anel �ater today who has torgotten more about this aspect 
ot the problem than most people will ever know. I refer, of course, to 
Dr. Rosalyn Yalow. 

A tew words abOut research in the medical and the biomedical 
arenas. Tracer methodology, as has been said, is used to investigate 
most of man's ills. It has been used to investigate physiologic 
processes that demand investigation. It is capable of providing 
answers that at the very least are quite ditticult to obtain by any 
other modality, using small levels of radioactivity, as ia·evidenced in 
Dr. Cooley's and Dr. Brantley's remarks. 

One of the things that the average member of the public does not 
a: ealize when he thinks of biomedical research involving radioactive 
material is the tact that over the past 20 to 25 years, the 
overwhe1ming majority of al� ot the nonradioactive prescription drugs 
that physicians prescribe for a variety of illnesses were developed as 
a result ot ear�y research involving radioactively labeled counterparts 
ot those drugs. 

The Food and Drug Administration is quite specific about the 
requirements that must be met betore any drug can be introduced into 
interstate commerce. The early stages of those investigations quite 
logically are accomplished by a tracer methodology, usually in animals, 
although occasionally in humans in the �ater stages ot the 
investigation. This all generates low-level radioactive waste. The 
development of new radioactive drugs that are so very, very critical to 
nuclear medicine practice also generates that kind ot waste. 

It is ditticult to overestimate the importance ot the whole area ot 
.low-�evel radioactive waste production. It was said at the time of the 
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closing of a couple of sites about a year and a balt ago tbat cl1nica� 
nuclear .edicine really bad nothing to worry about beCause of tbe short 
halt-lives ot the drugs with wbich they were concerned in tbat practice. 

Wel�, that wasn't quite so . Although in nuclear .edicine we can, 

and have, allowed aany of our tor.er waste streaas into the low-level 
radioactive waste disposa� sites to decay on site to the point wbere 
they can be disposed of by other aeans, we are still very, very 

dependent on the suppliers of these aaterials, the industry tbat 
produces them, companies such as Dr. Brantley was talking about a 
--.nt ago. 

There is one step prior to that. There is at lea�t one �rcial 

isotope production reactor in the United States that deals principally, 
indeed almost entire�y, with medically usable radionuclides. So it 
goes much beyond the clinicJ it goes back to companies that produce 
these compounds, and even turther back to the isotope production 
reactors, occasionally cyclotrons, that produce the radionuclides . 

HARVEY M. PA'l'T 
Protessor and Director 
LabOratory ot Radiobio�ogy· 
University ot Calitornia Medical SchOOl 

Let me move trom the patient or the person to the molecule to add 
to what has already been said. I think it is evident that most if not 
all ot the tremendous achievements in recent years re�ating to our 
understanding of genes and chromosomes, the behavior of cells, the way 
in which they proliferate and difterentiate, are all derivatives ot 
studies in which radioisotopes have played a very important part. 

Those ot us who work with radiations are aware of some ot the 
advantages, and knowing about radiation eftects, we also have an 
awareness ot the tact that working with radiations poses some 
aisadvantages. But I think it is important, if I can use the words ot 
Merril Eisenbud, to separate unrealistic tears trom JUStitiable 
concerns. And let me--perhaps this is a bit repetitious--reter to some 
statistics that were reported by Eisenbud: in 1978 there were about 
l, uoo curies ot tritium and carbOn-14 shipped to waste burial grounds 
trom abOut 2,500 facilities. This amount represents only about l/2,000 

ot what is produced naturally by cosmic-ray interactions in the 
atmosphere, or putting it in st1ll other terms, this represents only 
about 1/400,000 ot the steady-state inventory of tritium and carbon-14 
in our environment. 

It one takes the estimate that carbOn-14 and tritium in the 
environment contribute less than 1 percent, perhaps only about a halt 
ot 1 percent, ot natural background, and then views that in perspective 
to the 1/400,000 added tram biomedical wastes, I think you can 
appreciate the really trivial amount of tritium and carbOn-14 
radioactivity that we are talking about. 

There is one other little calculation that I made wh1le listening 
to my colleagues. If one takes our experience in San Francisco, which 
says that there is at most about 7 ai�licuries ot radioactivity per 
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55-gallon drua shipped ott tor storage--and this estiaate ot 
radioactivity 1s not corrected tor decay-the cmount of radioactivity, 

at the extre��e, 1n a 55-4]all.On dru. corresponds to about the a.ount 

needed to do a tracer ezperu.ent in �tan using, say, trit1ated 

thyaidine, which localizes in the genetic ��aterial. So we are indeed 
dealing with a very a.all .-ount in a 55-gallon drua, an .-ount that 
would probably be inadequate even to do a single co.plete tracer study 
in an inaividual. 

There bas been a lot of reference to east of the Mississippi. Let 
.a tell you about the experience at our school, at UCSF, where even 
though we are closer to the burial site, disposal still costs a great 
deal. 

In our aedical center about 1, 200 of soae 8, 000 eaployees work with 
radiation in one capacity or another. There are about 450 work 
locations in which isotopes are used, and there are at any one t1ae 

some 50 0 to 600 approved activities. These are activities that requir e 
approval by a committee ot peers in order to ascertain that those who 
want to use radioactivity really know how to use it and are doing 
sensible things with it. 

we produce abOut twenty 55-gallon druas a week at our medical 
center. About 25 percent is related to research and 75 percent to 
nuclear medicine applications. 

Our present waste disposal costs, despite our relative prox�ity to 
the Hantord dump in Washington, which include administrative and survey 
costs, are abOut a quarter of a aillion dollars annually. But we have 
been advised that waste disposal costs will double this year from about 
5100,000 to 5200, 000 simply tor burial of the drums. 

LIDIA ROCHE-FARMER 
Research Analyst 
Division of Fuel Cycle ana Material Satety 
u.s. Nuclear Regulatory Commission 

The liquid scintillation wastes and animal carcasses that contain 
prtmarily tritium and carbon do not represent a radioactive hazard, but 
a chemical or other type of hazard. Let me explain this. 

The liquid scintillation wastes contain toluene, xylene, and other 
solvents that are flammable and potential carcinogens. They have posed 
problems in transportation and at the burial sites due to their 
tlammability and also due to the tact that they have spilled out of the 
55-gallon drums in which they were buried. Thus, they may compromise 
the integrity of the burial grounds by serving as a vehicle tor 
transport ot other radionuclides in the site. 

Druas containing animal carcasses have exploded en route to the 

burial sites due to pressure buildup by the gases produced tram the 
biological decaaposition. 

As tor radioactivity, they contain small concentrations, and, 
inaeed, the best way to dispose ot these wastes would probably be by 
coabustion in which the cheaicals are broken down into less noxious 
materials such as water and co2• In tact, there is a newly proposed 
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a.ena.ent to the regulations that would add Section 2 0. 3 06 to Part 2 0, 
which would perait the disposal ot these wastes witbout regard to their 
radioactivity tor concentrations of up to 0. 05 aicrocuries per graa. 

The amendments also propose raising the cap, for the sewer disposal 
ot radioactive materials that are soluble or dispersible in water, ot 
up to 5 curiestyear tor tritiu., and to 1 curie/year tor carbon-14, in 
addition to the 1-curie liait tor all other isotopes. 

DI&CUSSION 

UNIDENTIFIED: Dr. Patt, I thought I understood you to say that the 
cost of disposal at your particular medical center will double tram 
$100,000 to •200,000 ot your waste. Do you have any national tigures, 
proJections, or something like that? 

PATT: No, I do not. 

ROCHE-FARMER: Maybe I can help there. The national tigures go 
anywhere from $250 to $400 per drum, so the cost varies depending on 
the volume ot the waste generated and the distance and other tactors 
like that. 

OTTO �·. ZECK, Assistant Professor, Radiology, Medical College ot 
Georgia: I would like to ask Dr. Brantley a question. You mentioned 
waste reduction as a valid way to reduce disposal costs. Since New 
Englana Nuclear is mostly responsible for the volumes of liquid 
scintillation cocktail as well as the radionuclides, have they given 
any consideration to recycling this material and reusing the 
scintillation cocktails at least? 

BRANTLEY: Yes, that has been looked at rather extensively. The 
trouble is that the liquid scintillation cocktails today are one of the 
most complex mixtures of materials used in science. They are extremely 
sensitive to impurities as far as making them more chemically active 
and chemically fluorescent. At this stage of the game we have not had 
any luck, but we are looking into the matter. 

LAURISTON S. TAYLOR, NCRP, Retired: The panel has implied that 
today we really have all the knowledge and information, the technology 

that we need to dispose of radioactive material in a variety of ways. 
They have touched primarily here on the matter of burial. There are 
two methods that have not even been mentioned by the panel. One is 
incineration; the other is burial at sea. 

I am quite familiar with the political reasons as to why these are 
not employed, but the tact is that they are undoubtedly the most 
economical ana the most efticient methods tor making radioactive 
material disappear as tar as the public is concerned. 

Dr. Patt reterred to Merril Eisenbud's statement. Some studies or 
some estimates have been made that would indicate that the incineration 
ot the biological type ot material that you have in hospitals and so on 
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would not add a .easurable ..aunt to either the carbOn or tbe tr itiua 

tbat is prOduced noraally in the at.osphere. You would probably be 

unable to .easure that increase in level of either ot tbose things .ore 
than a tev teet away from an incinerator, and certainly not at all in 
the ocean. 

PA'.l"'l': Alternative metbods of disposal will be considered by otbers 

later in the prograa. 

ROSALYN s. · YALOih The panel addressed the a.ount of carbon and 
tritiua waste, but did not put any nuabers on the iodine-125 waste tor 
in vitro testing. 

In our hospital, which, as you know, is something of a 
radiot.munoassay center, for those tests where we develop the 
ingredients, we use about 5,000 tubes a week, and there 1s residual on 
each of these tubes of a thousandth of a microcurie. so a typical 
active laboratory like aine bas to dispose of 5,000 tubes containing a 
big 5 aicrocuries of iodine-125, which we could give to a patient as a 

tracer test without worrying about it at all. 
I also calculated what would be required for commercial disposal ot 

radioimmunoassay kits. There the average cost is about, say, plus or 
minus $10 a test. It could be as high as $60 to $80 for a parathyroid 
hormone assay, and as little as perhaps $3 to $4 tor T3 or a thyroxin 
assay. These kits contain on the order ot a hundredth ot a microcurie 
per sample, which aeans that if you want to do 100,000 tests, it will 
cost you $1 million, and you will generate 1 millicurie of iodine-125. 

I think we can appreciate that our country could not aftord in its 
gross national product enough iodine-125 in these kits to represent any 
type of a ha�ard. 

JANE H. BERGLER, Federal Emergency Management Agency : I would like 
to ask·a question ot Bill Briner, not just because he is trom Duke, but 
also because he is from North Carolina. our understanding is that 
Governor Hunt has been something of an innovator and is looking at the 
disvosal of radioactive waste as a part ot the total hazardous 
materials concern. I would like to tind out what is really happening 
1n North carolina. 

BRINER: About a year ago, through the auspices of the Governor's 
Science and Policy Advisor, Dr. Quentin Lindsey, who is a panel member 

here tOday, there was convened a group ot people who were biomedical 
waste producers in North Carolina to look at the situation in the state 
with regard to an intrastate solution to a national problem. 

We came up with some data that were quite accurate. Then the sites 
reopened, and the impetus to do something at that very moment seemed 
less urgent. 

In July of this year, Governor Hunt appointed a task torce on 
hazardous waste management, which includes both hazardous chemical 
waste and low-level radioactive waste. The mission of the task force 
is to come up with a strategy for North carolina to help to take care 
ot its own problems. 
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COincidentally with the appoint.ent ot the task force was the 
appoint.ent ot two technical advisory �ittees to the governor: one 
on bazaroous waste, one on low-level radioactive waste. I guess I was 
lucky Pierre tor 1 was appointed Cbairman of the �hn1ca1 Advisory 
CO..ittee on Low-Level Radioactive Waste Manage.ent. 

on September 30 we su�itted a draft report that bas attained 
rather wide circulation at this point, offering aa.e strategies tbat 

North Carolina aay follow to take care of its own �ov-leve� radioactive 
waste of all kinds, not liaited only to bia.edically generated waste. 

�hat the outcome of that will be is anybody'& guess. The governor 
is quite persistent in his efforts to have us assume our part of the 
overall problea, since it is a national problem, not one related only 
to three states that happen now to have commercial low-level disposal 
sites. 

E. H. STONEBILL, Research Planning Officer, National cancer 
Institute: I don't know whether this is appropriate now or during the 
next section on the health effects, but the question I would like to 
ask is whether anyone knows what is the accumulation in the normal 
human being over an average span of his lifetime of radioactive 
compounds in the absence of any interventions of a nonnatural sort? In 
other words, when a person is buried, what has he got? Do we beCOme 
more radioactive as we become older? 

YALOW: �hen I testified before the McCormack Committee last year 
on low-level radioactive waste, I was considered to be rather 
sensational for pointing out that if we.are alive and we are an adult, 
we contain a tenth of a microcurie of carbon-14 and a tenth ot a 

microcurie of potassium-40, the principal radioactive constituents. we 
obtain exposure to radioactive materials in all sorts of ways. We 
breath radon that comes trom building materials such as granite. The 
halls of Congress are plobably the worst offenders in this case, and 
according to the NCRP, those of you who smoke get 8 rads per year to 
your bronchial epithelium trom the radioactive materials contained 
within cigarette tobacco. 

One could go on and on and point out a large number ot natural ways 
ot accum�lating radioactivity. 

RALPH o. ALLEN, Director ot Environmental Health and Safety, 
Univelsity of Virginia: In their radiation safety programs, 
universities have often packaged radioactive material that probably was 
not radioactive. In tact, sometimes chemicals went into it beCause 
there seemed to be no better way of disposing of them. In order to 
keep regulatory agencies off of your back, you likely took a very 
conservative approach. Even though the NRC allows a certain amount of 
material to be put down the sewers, we have taken the stand that we 
don't want people in the laboratories to intentionally put anything 
down the sewers. So we increase the volume of our waste greatly, even 
with the regulations that there are. 

At some point we decide that isn't very smart, that we should do 
something else with it. Immediately the community responds that it it 
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was so un sat e that you d idn ' t  do it betore , why can you start doing i t 

now? Publ ic awareness i s  one thing , but i t  becomes ve ry d i t t icult to 

educate a large publ ic that i s  very tear t u l  o t  r ad loac t i v i ty ,  

par t icular ly when the people they don ' t  trust a r e  the people who i n  

t act have t he g reatest amount o t  knowledge and techn ical bac kg round to 
ma ke these sor t s  of pronouncements . So what do we do? 

BRANTLEY : That i s  exac t ly why I made the statement that I thoug h t  

most of our problem i s  pe rceptual rathe r  than real . I think par t ot i t  
i s  caused by some o f  o u r  own r egulatory ag enc ies . You made the comment 
that you wou ld like to keep the r egulatory agenc i e s  of f you r

·
back . 

We ll , i t  happens to u s , too . 
The r egul atory ag enc ies can g e t  wr apped up i n  some awt ully m i nor 

k inds of problems and muc h publ ic i ty about minor problems . Then the 
publ ic does not have any yardstick ag ainst wh ich it can measu re t he 
i s sue . They do not know whether it i s  a major safety i ssue or a 

bureauc ra t i c  t u ror ove r r u le s .  
I don ' t  know really wha t  t h e  solution i s .  I nc ine rat ion appear s  to 

be a resolut ion . You could inc iner ate you r mate r ial and we could 

i nc inerate ou r s .  Ye t I wonder what would happen i t  we announced t ha t 
we we re going to star t i nc inerat i ng ma te r ials i n  ou r t ue l  oil in 
Boston . I suspec t ,  to put i t  m i ldly , that all hell wou ld break loose . 

ALLBN : Wel l , f rom expe r ience , I know . You immed iately come unde r 
g reat publ ic t i re as to why you are the t i r s t  one s to do th i s .  

LOWE : I t  seems t o  me that one answe r  t o  you r quest ion i s  tha t  we 
s hou ld , we can , and I t h i n k  we must e s tabl i sh a b road enoug h base ot 

interested and informed people who ag ree with the posit ion that you 
have e nunc i ated , that i s ,  the r e lative satety , the absolute satety , the 

lac k  of hazard o f  the d i sposal me thod s  that are ava i lable to 

i ns t i t u t ions . It we are able to do that , we can in tact reassure the 

publ ic and beg i n  to chang e this pe rcept ion tha t  has hand icapped all ot 
us w i th a concern tor the d i spos i t ion o f  these wa stes . 

BRI NER : I f  I can g e t  bac k to ou r exper ience i n  Nor th ca rolina t o r  
J US t  a moment .  I n  answe r t o  your ques t ion , t oo  ot ten i n  t h e  past we 

have a ttempted to accomplish thing s  by publ ic educat ion or publ ic 

i n tormat ion campa igns . Once a dec is ion is made , the publ ic is i ntormed 
tha t th i s  i s  how it i s  going to be done . 

Now i f  you add to tha t equat ion one mor e  t ac to r  o f  public 

par t ic ipat ion , ot getting people involved i n  the dec i s ion-ma k i ng 

p rocess and at the same t ime establi sh some c r ed i bl l i ty w i th them 
du r i ng the dec i s ion-ma k i ng process , then I think thing s  will move a 
l i tt le more smoothly . 

B u t  I am per sonally convinced a t te r  mo r e  yea r s  i n  t h i s  bus i ness 

than I want to r emembe r that i t  doe s absolute ly no good to try to 

educate the publ ic w i thout br ing ing them into that pa r t ic ipatory 
t unc tion . 
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BRANTLEY : We mig h t  point out that the cameras here today are pa r t  
o t  such a n  attempt . The Amer ican College of Nuclear Physic ians has a 
g rant to develop a prog ram tor educat1ng the publ ic about the use of 
nuclear medic ine . That i s  why they are recording this meeting . 

LAURI STON TAYLOR : Excuse me for anothe r try . The Nuclear 
Regulatory Commiss ion has been made the scapegoat or the malic ious 
organi zat ion or whateve r . our real problem i s  with our news media . we 
today here are talking to ourselve s . We are not talk ing to the 
publ ic . some ot th i s  will leak out . I guarantee , it  anything gets ou t 
o f  t he meeting today , i t  will be a d i s tort ion of tr ivial thing s  into 
something that i s  magnit ied so as to alarm the publ ic . The news med i a  
a re qui te open and honest in say i ng that stor ies repor t i ng that thing s  
a r e  sate d o  not help them sell the i r  newspape r s . 

ANDREW GLASSBERG , House Energy and Power SubCommittee : . Dr . Patt 
quoted a f igure ea r l ier that in 1978  there were 1 , 0 0 0  cur ies of 
r aa ioactive isotopes g enerated wh ich equaled l/4 0 0 , 00 0  of the 
steady-state radioactivity around from tr i t ium and carbon-14 , but tha t 
sor t of 1gnores the dynamics .  In a steady state , those curies are i n  a 
d i sper sed form , whereas now you have 1 , 0 0 0  curies that you are 
concentrating tor d i sposal . 

&o would you advocate that we are taking the wrong approach to 
d i sposing of these wastes? What we should really do i s  incinerate and 
d isper se them so they get back into the i r  steady s tate rather than 
concentrat ing them.  

PA�· : I think that d i luting and d i sper s i ng , or D&D, i s  certainly 
the way it  ought to go , and the only reason for cit ing the Ei senbud 
f igures is to point out the very t r ivial contr ibut1on with release to 
the envi ronment . 

MARY DROB ,  D . C .  League of Women Voter s :  I wanted to say to Dr . 
&r iner that I absolutely ag ree that i f  you get us  involved in the 
dec is ion-mak ing process , we will be much more i nterested in f inding out 
what we can do about i t .  

i .. 

J EANNE MALONEY , Fr iendswood , Texas :  My husband happens to be in 
the inte r im storag e  business . I want to tell you that I talk to the 
publ ic in  my own area , and I completely ag ree that today you are 
tal k i ng to yourselve s .  

People compare one waste barrel o f  completely decayed rad ioactive 
mate r ial to Hi roshima and Three Mile Island . What are the rays coming 
out ot this one drum that are going to a f t ect me when I l ive 5 miles 
away? What i s  i t  going to do to me i f  you have 4 , 0 0 0  drums near  you r 
f acil ity and over halt of them are decayed? I want to be guaranteed 
that no act of God will ever touch them , no lightning bolt ,  no 
ear thquake , nothing , and only when you can g uarantee me ot that will I 

allow you to kee� those decayed drums near me . 
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ARE THERE hEALTH EFFEX:TS? 

OVERVIEW : 

GEORGE w .  CADARE.'TT 

P rot essor ot Rad iation B iology ana Biophysics 
Prot essor ot Rad iology . 
Un iver s i ty ot Rochester Medical Center 

It appear s  that the annual average per capita whole-body integ r ated 
r adiat ion dose in the United States t rom disposa� ot �ow-leve� 
radioactive biomedica� wastes may be unl i ke ly to exceed a tew millirem 
t or r adiation wor ker s ,  or 1 millirem tor the general public . 
Theretore , this briet overview may be limited to the stochastic , tha t 
i s ,  the probabi �istic or chance et tects , name�y radiogenic cancer and 
genetic health effects for which zero dose threshold cannot be 
scientif ica�ly d i smissed at this t ime . 

For per spec t ive , the recent repor t ot the National Researc h 
Counc i l ' s  committee on the B iolog ical Ef tects o� Ion i z ing Radiations 
(generally known as BEI R  I I I )  places the ave rage annual per capi ta 
r adlation dose t rom natural sources in the Uni ted States at about 84 
milli rem ,  wi th a range f rom 6 5  to 125 mi lli rem, depend ing on location . 

The average nonoccupational , nonmed 1ca! per capita exposure ot the 
Amer ican publ ic to manmade r adiation sources has consistently been on ly 
a very small t ract ion of backg round levels , or of the 500  milli rem 
max imum permissible annual dose l imi t tor ind ividua ls ot the gene ra �  
pub! ic .  A 1 9 7 2  Environmental Protection Agency report estimated that 
the annual average pe r capita nonmedical , nonoccupat ional dose to the 
g eneral public t rom manmade sources was 6 . 6  milli rem in 1970 , and that 
thi s  would be 6·. 4 m1 111 r em in the year 2000 . Most of thi s  dose is due 
to res idual rad ioactivity t rom above-g round nuc�ear weapons tests in 
the world betore 196 2 .  

Rad iogenic cancers and genet ic ef tects are qual i tatively 
indistinguishable t rom the same e f t ects caused by other agents o r  
cond it ions and theretore c a n  only be detec ted statist ica��Y i n  terms ot 
increased inc idence in i r r ad iated populat ions in  compa r i son with 
appropr iate control populat ions , tak ing proper account ot other 
potential competing causative or contr ibuting tactor s ,  and othe r 
possible va r iables . Rad iation i s  only one ot many possible causes ot 
these ettects , and the smaller the dose , the less likely it is that 
r adiation is the cause or the so�e cause . 

There i s  relatively l i ttle sc ienti f ic controver sy about the 
potential health e ffects ot intense i r radiation at dose �eve�s above 
about 50- or 10 0-rem ti ssue dose equ ivalent . The major problems and 
controver s ie s  here are concerned with low dose rates , and e spec ially 
with lower doses at low dose rates , and mos t  part icularly , tor example , 
a t  dose and dose rate levels of the order of those concer ned in max imum 
permissible annual dose l imits tor member s  of the publ ic . 

There i s  no d i rect ,  conc1us 1ve , unequ ivocal evidence of radiogenic 
health e f f ects at such low radiation levels , and it is highly 
improbable that such evidence can be obtained . I t  radiogenic health 
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e t t ects do result trom such levels , they would be so low in 1 nc idence 
a s  to be masked ma r kedly by s imilar e f f ects result ing f rom other causes . 

Ther etore , a t  such r adiation levels , the potential r i sks ot 
r ad iat ion i nduction ot human health et tects can only be inter red at 
present by extrapolat ion t rom observations at much highe r  doses and 
dose rates using mathemat ical procedures and t unct ions that must be 
based on assumpt ions concerning dose threshold , dose response 
r e lat ionships over the whole range of dose and dose rate , inductive 
mechan i sms that involve appl ication ot r i s k  estimates to populations 
other than t hose t rom which they were der ived , and other assumpt ions . 

zero r i s k  i s  not excluded at low rad iation levels by the data 
a va i lable , but ne i ther 1s zero dose threshold excludable by avai lable 
information and theory . 

Human rad iogenic cancer r i sk estimates have been based la rgely on 
human epidemiolog ical data , on mean absorbed doses usually above 10 0 
r ads ( or rems ) , of ten at h igh dose rates . 

As impor tant as they are , however ,  there are many unavoidable 
det icienc ies and l imitat ions in the human data as compared with 
controlled exper imentat ion : the epidemiolog ical data are highly 
u ncertain i n  regard to dose response relat ionsh ip t unctions , espec ially 
at  low radiat ion levelS J the influence ot dose s i ze ,  dose rate , and 
r adiat ion qua l i ty on i nc idence and latency , prec is ion regarding 
absorbed r ad iation doses in tissue s and organs 1 durat ion of r i sk and 
l i tetime cancer i nc idence in exposed and control populations ; and the 
roles of compet i ng envi ronmenta l ,  host , and med ical treatment 
var iables--the re are no identical control popu lations--among other 
tac tor s . 

Althoug h i n  a t ew instances a stat istical a ssoc iat ion has been 
shown between increased inc idence of human cance r and mean absorbed 
doses of a t ew rad s ,  the relevant doses and the extent ot causal 
relat ionsh ip are uncerta i n  or equ ivocal . While these data sugges t  wha t  
h a s  been generally assumed tor rad iation protect ion purposes anyway , 
that i s , that cancer may be inducea i n  some inc idence even at low 
dose s ,  they do not provide a reliable bas i s  tor estimating the 
trequency or r i s k  of cance r induction at such dose levels because ot 
t he large stat istical uncer tainties , as well a s  the uncertaint ies 
involved in the des igns of the surveys . Much more information on the 
h ighly complex and var ied mechani sms of rad iation carc inogenesis i s  
needed betore the rad iogenic cancer r i s k s  a t  low radiation levels can 
be est imated more prec isely f rom the epidemiolog ical data . 

Extensive expe r imental data and the human epidemiolog ical data 
i nd icate complex and va r ious dose inc idence relationships tor d i t terent 
k inds ot cancer . For ava i lable epidemiolog ica l data , advisory g roups 
have s impli f ied dose e f tect relat ionships by reduc i ng the number ot 
parameters . Such simpl i f ied models , as considered i n  the BEIR I I I  
r epor t ,  tor example , i n  the order o f  increasing complex ity ot the s hape 
of dose ef fect curve include : the overall l inear , that i s , overall 
straight l i ne 1  the overall quadratic , for example , dose2 ; the linea r 
quadratic , with a straight line component ot relatively low s lope at 
low radiation levels , followed by an accelerating component , tor 
example , dose 2 with t u r ther increase in dose ; and t inally , the l inear 
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quad ratic torm w i th an exponential mod it 1er to account tor int !uence ot 
excess ive cell k i l ling . 

The constrained linear quadratic model appears to be best suppor ted 
by cur rently available information tor low-LET radiat ion and results in  
r i sk est imates a t  low r adiat ion levels that a re intermediate between 
the highe r est imates tor the linear mode l  and the lower est imates for 
t he purely quadratic model . 

I n  the past , the overall l i near , zero threshold hypothesis tor 
extrapolation f rom h ig h  doses and dose rates to zero dose and effect 
was c hosen by var ious national and internat 1onal adv1 sory g roups , in a 
se�se by default , at least partly for pragmatic rather than str ictly 
scient i f ic reasons , because of i ts s implic ity and ease , the g reat 
d i t t iculty of doi ng otherwise at the t ime with the uncertain human data 
avai lable , and tor r adioprotect ive prudence , that i s ,  to ensure that 
error s wou ld be on the sate s ide , on the side ot overest imation ot 
r isk . The need tor r i sk cost-benef it analysi s ,  of course , requi res 
more real i stic r i sk estimate s .  

The l i near nonthreshold hypothesis permits : ave rag ing o t  d i t terent 
individual doses to torm data points in preparat ion ot dose-response 
curves J the u t i l i zation of average per capita dose or the collective 
dose (pe r son rem) ; the arbitrary selection of ranges ot doses tor such 
averag ing J the averag ing or integ rating of nonuni form tissue or organ 
doses ; the neg lect of d i f ferences in dose rate ; and the simple 
derivation ot r isk  coet t ic ients , that 1 s ,  r i sks per unit  dose , tor 
application to any dose at any dose rate . 

Indeed , the applicat ion of such procedures to raw data to produce 
dose-response curves tor examination and extrapolat ion tend s to 
preimpose l inear i ty .  

For low-LET rad iat ions , r isk  estimates for low radiation levels 
derived by overall l i near extrapolation t rom data at h ig h  doses and 
dose r ates in the rapidly r ising par t  of the dose-response curve are 
l i kely to be overestimates because the effectiveness of low-LET 
r adiation per unit dose decreases with decreasing dose s i ze and dose 
rate , at least down to the low rad iation levels where the low-slope 
l inear component of the l i near quadratic dose-response mOdel may 
pertain . For the more ettect ive high-LET radiations such as neutrons 
and alpha particles , the dose-response curves tend to be more l i near , 
and there i s  comparatively little or less reduction ot e f f ectivenes s 
per unit dose with decreas ing dose s i ze or dose rate over this moderate 
to low radiation-level r ang e .  

More recently , however ,  with advances in knowledge ,  t he United 
Nat ions Sc ienti f ic Committee on the Et tects ot Atomic Radiation 
( UNbCBAR) and the Internat ional Commiss ion on Rad iolog ical Protec tion 
( ICRP ) in et fec t  have concluded in the i r  r adiogenic cance r r isk 
e st imates tor !ow-LET r ad iat ion , regarded as still conservat ive , a 
reduction within a factor of three f rom the levels that would pertai n  
to estimates t rom overall linear extrapolat ion . The BEIR I I I  committee 
has also in effect taken dose s i ze and dose rate inf luence into more 
account in its u t i l i zation of the l inear quadrat1c and the quadratic 
model s .  
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The use ot the linea r quadrat ic mode l ,  as i n  the BEIR III  report , 
t or example , may be r egarded as the most representat ive of those 
sc ient ists ' cur rent best J udgment , despite the fact that the presently 
ava i lable data w i ll not permit det init ive conclus ions . 

Using the l i near quadr atic dose-response mOdel and an absolute 
r i sk-proJ ection model , t he BEIR I I I  Committee der ived an average value 
ot approx imatly 77 excess cance r deaths pe r million persons exposed per 
r ad tor an arbitrary s i tuation in which the million people are exposed 
to a sing le i nc r ement ot 10 rads of low-LET rad i ation .  

The 1 9 7 7  UNSCEAR report g ives a range of est �mates , the comparable 
lowe r end of which--about 7 5  excess cance r s  pe r mil l ion per rad for 
low-dose , low-LET r adiation--i s  close to the BEIR I I I  value I J USt 
c i ted . However ,  the cancer risk i s  influenced by age at the time ot 
i r radiation and by sex , as well as by rad iolog ical f ac tor s . 

Por purposes ot radiat ion protection , the ICRP has taken the 
a verage i ndividual l ifetime rad iogenic cancer death r i sk  at low levels 
of low-LET radiation exposu re to be 1 in 10 , 0 0 0  per rem , which 
corresponds to an average tor the population , all  ages and bOth sexes , 
of 1 0 0  pe r mi llion pe r rem . 

Propor t ionally , these var ious r i sk rates wou ld reduce to one or 
less per 10 million pe r milli rem , simply dividing by 1 , 0 0 0  to get into 
t he r ang e of doses ot i nterest here . 

For pe r spective ,  according to the Amer ican Cance r Soc iety ' s  cance r 
t acts and t igures i n  1 9 7 9 ,  abOut 2 5  percent of the people i n the Un i ted 
States will eventually develop cancer ( l ifetime r i s k  rate ot 2 5 0 , 00 0  

per million) , and about 1 5  to 1 7  percent of these people , o r  abOut 6 0  
percent ot those who develop cancer , will eventually die ot cancer 
( litetime r i sk rate ot about 160 , 0 0 0  per mill ion) . 

The rad iogenic cance r death r isk rate of 1 0 0  per million per rem i s  
a bOut &/10 , 0 0 0  o t  this natural cancer death rate , and that reduces by a 
f actor of 1 , 0 0 0  more tor the 1-mi llirem dose , or 6/lO , oo o , o o o . 

There i s  v i r tually no human evidence of rad iat ion induction ot any 
genetic e f f ects . Recent estimates by advisory g roups of the r i s k  of 
r adiation induction ot human genetic hea lth e f f ects a t  low rad iat ion 
levels are based upon data f rom exper imental an imals , ma inly mice , and 
particular dose-e t f ect data obtained at the lowe r dose rates employed 
1n such laboratory exper iments , wh ich are less effective than the high 
dose rates used by a f actor of abOut three . 

There i s  no d i rect evidence tor the induction of genet ic ef tects i n  
animals a t  very low doses and dose rates . The e ffects o f  doses below 
those of the order ot � few tens of rems are too small to be detected 
s tatistically . 

The HEIR I I I  Committee est imated 5 to 6 5  induced dominant d i sorde rs 
dur ing the lifetime of a mill ion live-born children following parenta l 
exposure to 1 r em ,  and t rom 0 to 10 per mill ion per rem genet ic 
disorders f rom induced chromosomal anomalies , for a total of 5 to 7 5  

per million of f spring per rem parental exposure i n  the t i rst generat ion . 
The . BEIR I I I  Commi ttee also estimated the numbe r of genetic 

d i sorders to be expected in each g ene rat ion a f ter many generat ions of 
parental i r r adiation when an equ il ibr ium has been reached between the 
r ate of induct ion of new g enetic ill-health in each gene rat ion and the 
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rate ot el imination in  each generation through expres sion in  attected 
i ndividuals . Th i s  equ i l ibr ium est imate is about 60 to 1 , 100 aftected 
individuals pe r  mill ion live-born per generation pe r rem parental 
exposure i n  each generat ion . 

�he est imate ot  the cur rent natural inc idence ot genet ic ill-health 
in  the u . s .  populat ion i s  1 0 . 7  percent of all live bi rths . Thus , the 
f i rst-generat ion increase of between 5 and 75 cases per million live 
births pe r parental rem may be expressed as inc r easing the 1 0 . 7  percen t 
natural i nc idence to somewhere between 1 0 . 7 0 0 5  percent and 10 . 7 0 7 5  

percent . One can d i vide t h i s  change by 1 , 0 0 0  to . obta in the change 
a ssoc iated with 1 milli rem . 

The " a ll-t ime • equ i l i br ium est imate ot f rom 6 0  to 1 , 10 0  cases pe r 
million pe r rem i s  more d i f f icu lt to put in per spec tive because the 
total numbe r ot human g ene rat ions and the tuture populat ion dynamics 
are not known . Assuming 1 , 0 0 0  generat ions , the cur rent natural 
i nc idence ot g enet ic i ll-health , 1 0 . 1  percent , would r ise to a level 
between 1 0 . 7 0 0 0 0 6  pe rcent and 1 0 . 7 0 0 1 1  percent , averaged ove r the l , U U U  
g enerat ions , with most of the expression i n  the f i rst  few generations . 
Again , one can d ivide the chang e  by 1 , 0 0 0  to obtain the change tor l 
m i l l i rem . 

The 1 9 7 7  UNSCEAR report presents a central estimate ot substantial 
raaiation-induced genetic defects ot about 200 per million per 
genetically s ig n i f icant r ad a t  low doses ot low-LET r adiation , with 
perhaps one-third or less of these expressed i n  the f irst generation . 

The ICRP ' s  genetic review suggests a s imilar total tor all 
generat ions , with halt of these expressed in the t i r st two generations , 
and the other half expressed in  all subsequent g enerat ions . The 
cor respond ing value tor 1 milli rem would be 2 per 10 mill ion . 

The r i sks ot rad iogenic health e f t ects , i t  any , t rom d i sposal ot 
low-level rad ioactive biomed ical waste would appear to be very small , 
even compared w i th those that might be estimated tor natural bac kg round 
radiation . 

ROSALYN S .  YALOW 
Senior Med ical Inve st igato r 
Veterans Aaministration 
Chairman , Department ot Clinical Sc ience s 
Montet 1ore Hospital and Med ical center 

Unl i ke the othe r speake r s  on th i s  panel , I came without any note s 
because i t  I can ' t  remember to tell you some numbe r s , then you won ' t  
remember to keep these numbers i n  your head . 

In 1 9 7 3  the average dose to a i r l ine crews was 1 6 0  m i l l i rems per 
year . Thi s  means that a i r l ine crews , on the average , represent one ot 
the most exposed ot radiat ion wor ker s .  

I n  a recent tr ip to Argentina , I car r ied a call brated dosimete r 
w i t h  me to see what my r ad iation exposu re would be , and that week I 
rece ived 1 0  milli rems ot r ad iation , mor e than I have eve r received a s  a 
rad i at ion wor ker i n  my laboratory wor k ing tor 3 3  years wi th the med ical 
uses ot radioi sotope s .  
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I t  you now cons ide r how many ot you have t lown i n  the pas t  tew 

y ea r s , you can apprec iate that you shou�d pe r haps bury you r se�t i n  a 
hole to avoid the e f fec t s  of cosmic radiat ion , except that you wil l 

thereby i nc rease your exposure to the natural radiat 1on 1 n  the so1�s . 

Now , clear ly , no one can say tha t the r e  wil� be no hea �th e t t ect s  

t rom a �eve l o f  r ad i a t ion c lose t o  natu ral backg round radiat ion . All 

you can say is you w i l �  not be able to measure any hea�th et tects . 

I wou �d l l ke to po int out a s  a phy s ic i b t , not even as a r ad iation 

phy s ic i s t , that i t  is not alway s sate or appropr iate to extrapolate 
beyond the r ang e i n  wh ich measu rements can be made . For 1nstance , 
Newton ' s  laws , wh ich a r e  equal ly val i d for planeta ry mot ion , dropping a 
s tone o t t  the TOwe r of P i sa ,  or even how automobi �e s  move , tel l  us 

noth i ng about the behavior of matte r a t  veloc i t i e s  approach ing the 
veloc i ty ot l ight , or t he behavior ot ma tter a t  the submic roscop ic 
scale ot the atom . Most of the pred ict ions that Dr . Casa rett wa s 
tell ing us about depend upon theoret ical extrapolat ions t rom a known 

dose rang e , usually in excess of 1 0 0  r ads , f requently in excess of lO U 
r ads acute exposure . 

I be� i eve that one c annot extrapo�a te t rom t h i s  no matte r what 

model you choose s imply because ot the f ac t  tha t unless you can 

expe r imentally test the model , you don ' t  know whe the r the theory is 
reasonab�e or unreasonab�e . 

Now , there has been a se r ie s  ot reports concern i ng exposure to 

low-level r ad ia t ion publ i s hed i n  Sc ience i n  July ot
· 

this year . The r e  
i s  a very inte r e s t ing a r t icle based o n  a s tudy o t  � 5 0 , 0 0 0  Han peasants , 

hal t  of whom we r e  exposed to ou r usual 1 0 0  mi l l i rem pe r yea r , anothe r 

halt of whom wer e  exposed to about two-and-a-halt t imes t h i s  leve l .  
The progen i tors o t  th i s  g roup have probably lived i n  the same place , 

t hey said , tor s ix generat ions . I t  may well have been 6 0  generat ions . 
You would have expec ted to have had the cumulat ive genet ic ef fect of 
two-and-a-halt-told i nc rease ove r usua� background exposure tor many 

hundred s  of yea r s . They have a s imilar genetic bac kground , they have 
s imilar wor k  habi ts . The 1 nvest1gators looked tor many abnorma l i t ies 
tha t  might be re lated to r ad iat ion . D i f f erence s between the two g roups 
we re not tound in a var iety of hered i tary a spects . Noth i ng was t ound . 

Th i s . i sn • t  the f i r s t  t ime one has looked a t  levels ot the order ot 
t wo  to three t imes the bac kg round that we have i n  the East and on the 
West coast . I might point out to you that in Denve r the ave rage 

exposu re due to t he r ad ioac t i v i ty in the soi l s  and cosmic r ad i at ion i s  
about tw ice wha t i t  i s  i n  the Eas t  and on the Wes t  coast . And what 

a bout the age-cor rected cancer death r a te ?  Fit th �owest among the 5 0  

state s .  
We hear s o  muc h about the prob�ems t rom ope rat ion Smoky , the 

fallout f rom the bomb te s t i ng in Nevada . It fell out in Utah . Wh ic h 

s tate i n  the cont inental Un i ted States has the lowe s t  death r ate t rom 
cancer ?  Utah , undoubtedly because of l i te-sty le : the Mormons don ' t  
smoke , d r ink , or pe r haps have other pleasures that increase i t .  The 

mes sage · I  would l i k e  to leave w i th you i s  that we cannot eve r say the r e 
i s  no health e f t ec t .  But there a r e  many pape r s  desc r i bing g roups ot 
people stud ied tor health e f f ec t s  at two to three t ime s natu r a l  
bac kg round exposure and tor whom nothing wa s t ound . 
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I quest ion all these extrapolations t rom h igh-dose levels to 
low-dose levels , i r respective ot your theor ies . Eventually you are 
going to have to examine the g roup at the low-dose level to see whethe r 
or not these theor ies make sense . 

And t he last idea that I would l i ke to leave w i t h  you i s  that i n  
these t imes o t  emphas i s  o n  conservat ion--conservation o t  natural 
r esources , conservat ion of energy , conservation of everything--! think 
the most impor tant thing to conserve i s  ou r sc ient i f ic talent , and i t  
we was te i t  look ing tor small e t t ects o r  undetectable e t t ects , we will 
not be mak i ng the d i scove r ies that really save lives . I would l i ke to 
e ncourage a l l  of you to help conserve our sc ient i f ic talent away t rom 
thi s  nonsense of look ing at the ef fect ot my laboratory d i sposing ot 5 

m icrocuries ot iodine-1 25 a week . 

S .  JAME& ADELSTEIN 
Dean tor Academic Prog rams 
Har vard Med ical School 

i'he r e  has been much d i scuss 1on ot l iquid sc intillat ion waste that 
causes problems both in radiat ion and chemical exposu re . 

TO est imate the potent ial rad iat ion e t t ects , the Nuclear Regu latory 
Commission has calculated the potential ettects t rom combustion ot a 
c u r ie ot t r i t ium and 10 millicur ies of carbon-1 4 i ncluding the h ighest 
exposures in the immediate ne ighborhood . I t  estimates about lo-2 

m i l l i rems tor those people who would be most exposed . 
I t  you do the ar i thmetic and make an assumpt ion about how many 

people are l i kely to be exposed under such c i rcumstances t ram Dr . 
casarett ' s  dose estimates , you can der ive the probabi l i ty of an 
i ncrease tor a s i ng le case of cancer , i t  is i n  the very low t ract ions . 
Consequently , t rom the point ot view ot waste management , the rad iation 
hazard can be minimi zed . 

The c hemical hazard , however ,  i s  one that needs to be examined 
turther . Recal l that l iquid sc intillation wastes are both t lammable 
and potentially tox ic .  There are potentially short-term poisonous 
et tects such as l iver and bone mar row failure and long-term ef fects 
such as carc inogenesis and mutagenes i s .  

I t  i s  important , then , i n  looking a t  the system a s  a whOle , not to 
h ave the radiation-r isk potential prevent our m inimi z ing the chemical 
hazards or the biolog ical hazards in the development ot disposal 
practices . One has to be careful that the change in behavior that has 
recently taken place in  response to the c r i s i s  i n  waste management 
doesn ' t  subJ ect those who wor k in  rad 1oassay laborator ies to these 
othe r  types of danger s .  

I n  talk ing about health eftects , one really has to talk about the 
costs as well . I t  we really are ser ious about putting a cap on the 
costs ot med ical care , then we are going to have to talk about how we 
are going to spend our resources tor doing th i s ,  and i t  we increase the 
costs ot waste d i sposa l , it will have to be taken out ot some other 
por t ion ot the health care system . 
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one research proJ ect that I know ot has had an 1 nc r ementa l  cos t t o r  
waste d 1 sposa1 ot a bo u t  5 1 U , O U U ,  1 n  a proJ eCt that spends about 56U , U U U  

to ' 7 u , u o u  a year . Per haps they a r e  not a s  e t t 1c 1ent a s  they ought to 
be , bu t that 1s a large t r act ion ot the d i rect r esearch costs that a r e  

going J U St i nto waste manag emen t . 
l th1nk 1 t 1 s  very 1mportant t or th 1 S  !''or um to address 1 tse1t to 

what rea lly needs to be done ana to cost-e t t ec t 1 ve methOd s tor 

accomp l i s h i ng 1 t .  

MARVI N  GOLDMAN 

P rotessor ana D 1 r ec tor 
La bOratory tor �nergy Related Health Nesearch 
Unive r s i ty ot ca1 1 tornia , Dav1 s  

The p roblem 1 s  more a t unct ion o t  wha t we know r ather than what we 

don ' t  know . In a For um l 1 k e  th i s , with pe r spect i ve be ing one ot the 

a reas that 1 teel we scient ists have not done well at , I thought I 
wou ld try to answe r you r que st ion 1 n  three pa rts a Wha t i s  the dose � 

W hat are the e t tects1 What 1 s  the r 1 s k 1  I w 1 1 1  sum u p  w1th someth1ng 
that has to ao w i t h  what we need to know tor th ing s  to be acceptable . 
At tha t  po 1nt I s top because I am not t he one who aeterm1nes what 1 s  
acceptable , ana I would l 1 k e  to take ot t o n  tha t  a b1 t late r . 

What 1 s  the dose1 �e have been talk ing a bou t  t r 1 t i um ana ca r bOn 

and othe r r ad ionuc l ide s , and you cou ld be regaled with numbe r s  ad 

nauseum .  one s 1mp1e way that 1 have t r 1 ea to handle th 1 s  1 s  to conve r t  

eve ry thing i n  terms o t  m i l l i r ems . You have heard Dr . Yalow say tha t  we 
have approx imately lOU m 1 1 1 1 rems ot absor bed aose each year , ana 

because ot cosmic ray inte r ac tion , tr i t ium and carbon are ubiqu 1 tou sly 
par t ot our natural bac kground r adiat ion . They have a lways been he r e . 

They are not str ange new nuc l ide s .  
From the t r 1 t 1 um generated by cosm1c ray s ,  wh 1Ch has alway s been a 

pa r t  ot liv1ng thing s  on th i s  plane t ,  we get a dose ot abou t  1/ l , OU U  ot 
1 m i l l i rem a year . That is a lot ot a i rplane t l 1ghts . From the 
ca r bOn-1 4  you can aaa anothe r u . 9 ot l m i l l i r em a year , a total ot 

approx 1mate1y 1 percen t , let ' s  say , ot you r  total annual background 
rad1a tion . 

Eve ryone 1 n  th i s  aud ience conta1ns a bou t  � u -m 1 1 1 1 r em-a-year 

equ ivalents ot anothe r i sotope , potas s i um-4 0 ,  whic h 1s by tar the 
overwhelming contr i butor to the u n i torm d i str i bu t ion ot 10n 1 z 1 ng 
r ad 1 a t 1on w i th i n  all liv1ng t h 1 ng s  t rom natu ral sou rces . 

An increase o r  dec rease i n  th i s  t r 1 t 1um dose , which 1 s  thousands ot 

t ime s smal le r  than the potassium aose , is 1 nd i s t 1 ng u i shable with reg a r d  
to wha t the cells will see . 

What are t he e t tec t s  ot r ad iat1on1 At h igh dose s we have acute 

e t t ec t s . · At inte rmed iate aose s , a s  Dr . ca sarett has pointed out , we 

k now much a bou t  cancers and genet1c e t t ects . At low aoses t he se cause 

cont rove r s 1es , conterences , ana quer 1 e s .  

A low dose 1 s  some t ime s det i ned as the aose be low the 
It 1s usually enve loped by t h 1 s  Pandora ' s  bOX be low wh ic h  

extrapolat 1on t rom known e t tects becomes a b i t  unce r ta 1 n .  

h ig h  dose . 
ou r 

And what I 
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would l i ke to po1nt out 1 s  that we do know what the uppe r l imlt ot tha t  

uncer ta1nty 1 s  and that 1 t  1 s  very 1mpor tant that the publ lC 

u nae r stana , as Dr . casarett ment1oned , that when we talk a bout a r i sk 

ot l 1 n  1 0 , 0 0 0  tor cance r i nduc t ion pe r  r em ot r adlat ion absorbed , the 

debate usually 1s whether 1t 1s l 1 n  1 0 , 0 0 0  or � 1 n  1 0 , 0 0 0  or J 1n 
10 , 0 0 0 ; that 1 s , the coet t icient r athe r than the exponent 1 s  debated . 

Th 1 s  problem ot pe rcept ion 1 s  so a i t t lcult tor sc ient 1sts to get 

ac ross to the publ lc . we have bee n  so caret u l  to 1 nclude the caveat s 

about age ana aose d is t r lbu t ion and qua l l ty ot r ad lat ion that a t  t ime s 

we spi l t  rathe r than lump , or count beans or trees rathe r than see the 
t orest . 

W hat 1 wantea to po1nt out 1n the t ew momen ts ava l lable to me 1 s  

that throug hou t you r l i tet ime--and le t ' s  say you 1 1ve 7 0  year s 

a bsor blng l/ l U th ot a r em or 1 0 0  m 1 1 1 1 r ems a year--all ot us would 
rece 1ve approx 1mately 7 rems ot r ad ia t ion . And i t  you use a pe r -rem 
r 1 sk ot l 1n 1 0 , 0 0 0  a s  the cancer value , 1t say s ,  aepend lng on how you 

read the canc e r  stat i s t lcs , that you are add 1ng l/ � O O t h  ot l percent ot 
you r  "normal " cancer r i s k  t rom bac kg round r adiat lon . 

Hac kg rouna r ad1ation 1 s  known to va ry t rom place to place . Bur l ed 
1 n  that var 1ab1 1 1 ty are the aoses that we are now aea 1 1 ng with when we 
cons 1de r the med ical con t r i butlon . 

�omeone ment ioned e a r l i e r  that per haps a proper approach wou ld be 
to d 1 spe r se and d l lute rathe r  than to concentr ate ana contain so a s  to 
a ssure that the low levels r ema i n  low and that no tocal or local hot 
spot s  or supe rconcentrat ions would occu r .  

But r emembe r , with r eg ard to the t r 1 t 1 um ,  we are t alk lng about 

increas1ng leve l s  by more than t actor s ot 1 , 0 0 0 in orde r  to increase 

t he natura l  t r i t i um  bac kground level to the po1nt whe re 1t amounts to l 
m 1 1 1 1 rem dose-equ iva len t .  

I w1sh to e nd by say 1ng that the more we know--1 have est 1matea 

tha t  some $� bill ion have probably bee n spent on radiation research-­

t he more 1ntell1gent our quest 1on s can become and the more we can tocus 
on the unknown . But I thlnk that the real controve r sy that br 1 ng s  us 

to meet i ng s  l l ke t h l s  re lates t o  how one conve r t s  these numbe rs t o  wha t  

w e  would l i ke to c a l l  an acceptable r 1 sk , real l z i ng a s  t h e  publiC i S  
now becomi ng awa r e , the t ac t  that there a r e  n o  zero r i sks in l i t e . 

The r etore , we can comp i le these e i the r i n  terms ot vol i t iona l r i sk s  o r  
l nvoluntary r l sks , but not 1n terms o t  acceptabl l l ty .  I t  I tell you 
that 1 t  is a 1 in 1 0 , 00 0  r i s k , i s  tha t a value you could accept? Who 
makes that determinat ion? I be l l eve that someone e a r 1 1 e r  toaay 

ment 1oned that i t  mus t  be done i n  a colleg i a l  way , that we expe r t s  can 

determine what the r i sk s  are , but that the public has to a s s i s t  us in 

aete rm1n1ng what an acceptable pol icy i s ,  not only tor th i s r 1 s k  bu t 
t or the my r 1ad ot r i sks that we have to look 1nto a s  sc ien t i s t s  and 
about which we know ve ry l i ttle . 
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EDWAIW W .  WEB�Tt:R 

Cbiet ot tbe Hadiolog 1cal sciences D i v 1 s1on 

D1 rector ot Rad1at1on �at ety 

Massachusetts �neral Hosp1tal 

Protessor ot Rad iology , Harvard Med 1cal �chool 

I would l 1ke to make three po1nts 1n connec t 1on with tb1s waste 

d i sposal problem. In answer to the lady trom the League ot Women 
Voters ,  there 1 s  no external hazard , 1nc 1dentally , t rom carbon-14 and 

t r i t 1um because tbe rad 1 at 1on doesn ' t  get out ot the bar rel . Tbe only 
hazard would be 1t there was some 1nhalat ion or 1ngest 1on ot tb1 S  
mate r ia l .  

I would l ike to g o  through the scenar 1o ot what would be tbe r i sk 

1 t  somebody drank all ot the carbon-14 toluene in one bar rel .  

Hopetully they wouldn ' t  do that because the toluene 1 s  tox 1c and also 

carcinogenic . However , let ' s  think about the radioactive hazard . 

A typ1cal bar rel ot carbon-14 toluene waste conta 1ns about 2 

microcur ies . That i s  about 2 , 00 0  via l s ,  with about l/1 , 00 0  ot a 

microcur ie per v i a l .  I t  that wa s all d r unk by one per son , the 

rad 1at1on dose averaged ove r the whole body would be about one 

m1 111 rem ,  aepending on what we call the et tective halt-l 1 te , bow long 

it stay s in the body . 

It we take the max imum likely r isk t rom these ve ry low levels ot 

rad 1at1on , wh1Cb hasn ' t  1ndeed been obse rved--and it may be zero--and 

1 t  we take tbe BEIR I I I  repor t est imate ot l t atal cancer in 10 , 0 0 0  

people per rem--that ' s  1 , 00 0  millirems--ot rad iation , then w e  t ind tha t 

t he l m1111 rem t rom d r ink 1ng th1s rad1oact1ve liqu 1d would produce a 

chance ot l in 10 million ot dy1ng with cancer as a result ot that 

untortunate episode . 

Now ,  what a re we do1ng today! we are actually spend1ng at least 

$100 per barrel to remove this ha zard ; $�0 0 per haps is a better numbe r , 
a s  we beard ear 1 1e r . I t  you were to rework those numbe r s  and ask bow 

much we are spending to prevent one cancer case in thi s situation , the 

answer 1 s  $100 a bar rel , mult1plied by 1 0  mi ll1on , wb1Ch 1 s  about $1 

b1ll1on per cancer case averted ; $1 billion to save a death t rom 

c ancer . And s 1 nce people are not actually dr 1nk ing the radioactive 

1 1 qu 1d ,  the d 1 sposa1 cost to save a poss i ble death will be very much 
g reater . 

I would like to put that 1 n  an econom1c perspect1ve . With $1 

bil11on ,  you could bui ld about 50 modern cancer treatment cente r s . 

Massachusetts General Hosp1tal recently 1nvested $ 2 U  mill1on 1n one 

such , so we could put 50 ot those up. 

or i t  you l i ke ,  you could put i t  in the context ot tbe total health 

care budget tor this country in l year , which i s  approximately $ 2 0 0  

b 1 ll 1on , only a part o t  wh1Cb 1 s  devotea t o  the roughly l m1111on 

cancer cases that occu r each year . I t  seems that the per spect 1ve 1 s  

a ll wrong 1 t  we are going to pay that much tor d 1 spos 1ng ot these 

triv1a1 amounts ot r ad1oac t 1vity . 

'l'be second po1nt I want to make ba s to do with the 1nc ineration . I 

have beard that about 7 cur ie s  ot carbon-!4 per year i s  being disposed 

ot 1n the Un1ted � ta tes t rom biomed 1ca1 waste . 'l'bl s  1 s  cons1derably 
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g reater than t h e  amount i n  sc int i llat ion vials . That h a s  t o  be 

compared with a bout 5 m i l l 1on cur ies ot car bOn-1 4 1n the a tmosphe re now . 
The dose tha t people a r e  gett ing , as seve r a l  people have already 

s a id ,  t rom natu ral carbon-1 4 in ou r env 1 ronment is about l m i 1 1 1 rem per 
year . That 1 s  l percent ot backg round . Much ot th i s  ca r bon-1 4 dose 

comes t rom the t ood we eat rathe r than the a i r  we breath . 
I t  you we r e  to i nc ine r ate t h i s  7 c u r i e s  ot carbon-14 ,  you wou ld 

1 ncrease the concentrat ion ot carbon-1 4 1n the atmosphe re wor ldW1de by 

l m 1 1l ionth , so that people w i l l  be breath i ng l m i l l ionth more 

carbon-1 4 than they a r e  now . S i nce the dose now 1s l m i l l i rem pe r 

year , the added dose wou ld be no more than 1 m i l l ionth ot l m i l l i rem 

t hat everybody 1n the wor ld wou ld rece ive , which 1 s , i n mathemat 1ca1 
terms , l U-� 

ot a rem .  
The cance r r i s k  o n  a pe s s imi St1c ba s i s ,  let u s  say , i S  one t atal 

case i n  1u , u u u  pe r rem , and it you we r e  to apply tha t r 1 s k  t igure pe r  
r em t o  the l U- � 

r em that the wor la popu lat ion wou ld rece 1ve , you get 
a cance r r i s k o t  lu- lJ . 

The r e  are in round numbe r s  about l U  bi l l ion people 1n the wor ld , so 
that i t  you then take the l U  b i l l i�n people in t he wor ld and you 
inc rease the i r  cance r r i s k  

_
by l u -1 3

, you t ind that the r e  i s  a r i sk o t  

only l i n  l , U U U  that the re wou ld be even a s i ng le extra cancer tata 1 1 ty 
occu r r ing i n  the wor ld popu lat ion . That i s  the product ot lu-1 3 and 
l u-l U . So i t  look s  l i ke bu rning this l i ttle b i t  ot c a r bon-1 4 ca r r ies 
a minuscule and poss1 bly e ve n  ze ro r 1 s k .  

f' i na lly , I want t o  g ive you an analogy t o  put t h i s  1 nc i nerat ion 

r i s k  in per spect ive . Whe re I come t r om in New England the re ha s been a 
t remendous upsurge 1 n  wood-bu rn ing stove s 1n the home s .  l t  1 s  a n 1ce 

thing to do to conse rve energy , use ou r own resource s .  I n  any 

wood-bu rning stove ot cou r se there i s  some ca r bon-1 4 be i ng bu r ned-­

the r e ' s  about & p 1cocu r 1e s  ot car bon-1 4  in every gram ot carbon . You 

could est imate that a bout 2 0  microcu r ies ot carbon-1 4 would be re leased 
pe r  year pe r WOOd-bu r n i ng stove assumed to bu r n  about 2 0 0  pounds ot 

wood per day dur i ng the wi nter months . Now , let ' s  suppose we have a 
m 1 1 1 ion home s i n  the Un ited States bu r n i ng wood th roughou t the winte r . 

They w i l l  be r e leas i ng i nto the a tmosphere about 2 U  cur 1es ot 

carbon-14 , wh ich 1 s  three t ime s more than we are now contemplat i ng 

r elea s i ng throug h an i nc inerat ion prog ram ot biomed ical waste . I think 

that put s  i t  1 n  pre tty good per spective . Wood-bur n i ng i s  more 
dangerou s . 

DISCUSS ION 

ROBERT L . CARTER , Protessor ot Electr ical and Nuclear Eng 1 neer 1ng , 

Unive r s i ty ot M1ssou r i : one ot the problems we cont ront 1 s  the v i r tual 
1mpos s 1 b 1 1 1 ty ot establ ish ing ep 1demiolog ica1 data on the e t tects ot 
low exposu r e . 

I wou ld dare say i t  each ot us examined ou r ave rag e expe r ience ove r 

the las t 1 0  yea r s  or so t rom med ica l procedures that we have been told 
we shou ld unde rgo t or ou r we l t a r e , probably anothe r 2U m i 1 1 1 rems pe r 
year has been e lec ted or at leas t  tole r ated by membe r s  ot thi s g roup . 
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Fu r the r gene r a 1 1 z 1ng t h e  curve you ment ioned ea r l 1e r --the curve w i t h  

t he 1 1nea r parabOlic qua l 1 ty--I 1nter t h a t  i t  w e  should tollow that 
pa rabOla on bac k up to the zero exposu r e  point a t  which the we itare o r  
t he r 1 sk 1 s  1 nc r eased , then t here 1 s  a m i n imum r i s k  po1nt per haps 1n 
the reg ion ot 20 or 30 m i l l i rems per year , look i ng at i t  t rom the 
b roadest health and we !tare ot the 1nd 1 v 1dua1 po 1 n t  ot v1ew. 

Has anyone cons ide red , since we a r e  worrying abOut commun icating 
w 1 th the pub1 1c , look i ng a t  t h i s  1 n  a more gene r a l  manner to avo1a th 1 s  

i nab 1 l i ty t o  measure o r  t o  ma ke ae t 1n i t ive statements abOut t h e  low 
e xposure r 1 s k ?  

YALOW : W e l l  the po 1nt I wa s mak ing 1 s  that w e  have a very large 
g roup ot people exposed to a n  extr a  1 0 0  mi l l i rems pe r yea r , the peopie 

who 1 1 ve on the Colorado Pla teau . I must aam i t , com1 ng t rom New Yor k , 
tha t  mor e people are leav i ng my town and mov ing to Colorado , so they 
a r e  p robably not that wor r ied abOut the doub1 1 ng ot r ad 1at ion 

exposu re . Ana in t ac t ,  even 1n the reg ions ot Colorado whe re there 1 s  
1 ncreasea exposu re due to the h igher con tent ot the soi l ,  they s imply 
haven ' t  tound any t h i ng . 

lt 1 s  unl 1 kely that doing ep 1demiolog 1c stud i e s  w i th reasonable 
numbe r s  ot people , l i ke 5 million or 10 million ,  wou ld pe rmi t 
a e t 1nit ive answe r s .  Must we cont inue to do these s tud 1es that cost a n  

e normous amount ot not only money but sc ient i t ic talent tha t could 

o the rw i se be u sed to save l i ve s ?  

ADELSTEIN : I t  str i ke s  me ,  in l istening to many ot these 

c onve r sat 1ons , that the percept 1on ot r i sks 1 s  very contextual . I t  you 
move t rom a WOOde n  hou se to a brick bouse , you increase you r r adiat ion 

commi tment by an amount g reater than anything we are talk 1 ng abOu t .  
The same applies i t  you move t rom New Yor k  C i ty t o  Denve r , or as Tea 
Webste r has J U St told u s , you bu r n  wOOd 1n you r home stove . 

Nobody takes these matte r s  into cons ide rat ion when they mak e  
d ec 1 s 1ons a s  t o  whether they oug ht t o  move t rom a WOOden house t o  a 
br ick house , whethe r they ought to move t rom New Yor k  to Denve r , 
whether they ought to bu r n  wood , or whe the r they should 1nsu 1ate a 

hou se , an ac t that can r a i se the natu ral radon leve l s ig n i t icantly . 
'!'here a r e  two r easons why that may be . one 1 s  that the 

cost-benet i t  i s  so c lea r ly i n  the d i rec t ion ot the bene t i t  tha t . nobody 

cares abOut the r i s k . Those ma k 1 ng the dec i s ions don ' t  rea l i ze that 
this sor t  ot r i s k  is be ing taken . 

I think that the matte r i s  highlig hted i n  d i scuss ions ot biomed 1ca1 

wa ste management because we are tocused on rad i a t ion uses . To move the 
b roade r d i scuss ion i nto a public arena where these pe rcept ions can be 
compared , somehow or othe r the pa r t ic ipants mus t  apprec i a te that one i s  

t r ad ing ot t those r i sks and bene t its a i l  t he t ime .  I t  we could br ing 

the biomed ical context into l l ne with the contex t ot everyday living , 1 

t h i n k  that some ot these matte r s  wou ld be bette r  unde rstOOd . 

Anothe r cons iderat ion i s  the bear i ng ot th i s  r i s k  by the publ ic , a s  
opposed t o  the bea r i ng o t  this r i sk by g roups who a r e the most obvious 

bene t 1c1ar 1es--pat 1ent s , the i r  t am i i ies , the i r  t r iends , and the people 
who wor k w i th the se mate r i al s .  The publ ic has some comm i tment to 
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r esea rch app� icat ions i nsotar a s  the pub�lc has a comm 1 tment to med 1ca � 
research , wh 1Ch i t  t ee � s  i s  a w1despread good . 

L� GOODt� , Cha i rman , sp�it Atom �tudy Group : I have been mak 1 ng 
stud i e s  ot acc idents i n  the a tomic industry tor 2 5  yea r s , t i r s t  i n  

behalt ot the t r ade un 1on movement , and subsequently a s  Chai rman ot the 

Spl i t  Atom study Group . I t ind that the d i scuss ion is inadequate . I t  
1 s  a t a t heoret ica� �eve � ,  so I wou �d l i ke to 1nt r0duce a tew case s .  

Eve r s i nce Lou i s  Slot in d ied t rom rad i at ion e t t ects a t  Lo s  �amos , 

we have k nown that there a re dangerous �eve�s ot r ad i a t ion , and those 

ot us who wor k  in the ind u s t ry have known that there ha s  been every 

e t tor t to h ide the t acts ot those acc iden ts that have occu r r ed . I t  i s  

inadequate t o r  the Nat iona � Academy ot Sc i ences t o  present a probudget 
po1nt ot view ,  which bas 1ca��y th1S d 1 scuss 1on 1 s ,  on bow we r educe the 

cost s  ot d i sposa l ot waste s t rom biomed ical research in the nuclear 
t ie ld .  we oug ht to d i scuss a t ew case s . 

I wou ld l i ke to ask Dr . Adelste i n  and Dr . Webster , tor example , how 
was the wa ste d i sposa l handled ana what were the e t t ects ot the 

handl i ng ot the waste d i sposal when the Harvard-MI T bubble chambe r 

explOdea a na spread a r a the r substantia� d i saster arou nd the 
Harvard-MIT tac i li ty .  

Ar e they awa re ot the e t tort to d i spose o t  wastes t rom Waltham, 

Mas sachusetts , when hund reds ot bar re ls ot waste d i sposal a t  the whar t s  

1 n  Boston exp�oded and spread rad ioactivity around the a r ea? 
I would like to ask them it they know abou t  the con t l ict between 

t he stat t a nd New Eng land Nuc�ea r , who bu r ned up the rad 1at ion exposu re 

leve l i n  the bank ot one employee atte r  anothe r and d i smi ssed them whe n 
they reached the so-called perm1 s s i ble �evel? 

What a r e  we doing about the actua l case s ?  What abou t  �os t  
i sotope s? The Mex ican gove rnment h a s  1ssued a remar kable repo r t  that I 
doubt th i s  aud ience knows about , entit led The F i r s t  Rad iat ion 

Acc ident . I t  te lls ot a young boy p lay ing nea r  the town dump , t inding 
a mi sla id i sotope , p ic k i ng i t  up , tak ing i t  home , play ing with i t ,  and 
t he ent 1 re t am i ly dy i ng a s  a resu�t . 

Can ' t  we tal k about some actual cases? I know th i s  w i l l  o t tend Dr . 

Y a �ow , may o t tend Dr . Go ldma n ,  but I k now those who come t rom Boston , 

a s  I do , k now that there are some real problems in that metropolitan 
a rea . 

WEBSTER : Well , t i r st ot all , �et ' s  go bac k to whe re we we re thi s 

mor n 1 ng . We d i t terent iated ve ry s trong ly between h ig h-leve l  waste and 
�ow-leve� waste . 

GOODMAN : What ' s  the aet i n i t 1on1 

WEBSTER : Wel l , we we re ta � k i ng abOut leve ls ot wa ste tha t  g ive 
r ad 1at ion comparable to normal bac kg round r ad ia t ion to peop�e , a nd tha t 

i &  the takeot t po int ot t h i s  whOle mee t i ng . 

GOUDMAH : You know that the NRC aet 1nes high-�eve � waste as on�y 

the t ue �  e lements that have been th roug h a nuc lea r  reactor . 
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�I!JSS'l'ER : Wel l. , there a r e  inte rmedJ.ate level s .  

GOODMAN : The r e  c e r t a 1. n l.y a r e . 

W t:HS 'l'ER : 1 am not sure that any r ad ioac t i v i ty was involved in the 
bubble-chambe r explos ion . But let me commen t  on you r  Mex ican case . 
Th at was not a s i tuat ion lnvolv ing low-leve l  wa ste . I t  was , as I 

recall , a coba l t-bO sou rce--

GOODMAIII : Ye s .  

W EBSTt:k : --which was very st rong . I be l ieve 1. t  was u sed t or 

radiog r aphy ot me tal. we ld s and s im i l a r  to the k i nd that is u sed to 
t reat people tor cance r and g ive them large r ad ia t ion doses to dest roy 
tha t  cance r . 

GOODMAN : Wha t  wa s i t  do1ng ou t i n  the town dump1 

WEBSTER : We l l , now , you had bette r ask the Mex ican gove r nme n t  
a bOu t  that . 

GOODMAN : No , I a s ked my quest ion , s i r . I d id not sepa rate that 

t rom ask i ng what ha s happened abOu t  the los t i sotope s i n  thi s country ? 
I have a r ecord ot l O U  1. sotopes that have been los t . Whe re a r e  they 

a nd who have t hey at t ected1 

W EBSTER : Well , i t  they we r e  low-leve l sou rces ,  a s  tar as we can 

te ll we don ' t  know it the r e  are any health e t t ec t s  at all . We don ' t  

r eally know that exte r na l  occupat i onal. exposure to such sources ,  wh lc h 

you we r e  talk ing abOut i n  connec tion with New Eng land Nuc lea r , i s i n 
t act c reat i ng any cance r . One study that has been done r ecently 1s t he 
Mancuso Repor t--

G�DHAN : �e l l , I w i l l  l i st the i nd ividuals who have d i ed t rom the 
e t t ects . Her e  they are it you care to see my t i le .  

WEBSTER : We l l , what I am s ay1ng 1 s  that we c an ' t  prove there a re 
any e t t ects t rom low levels ot r adiat ion exposu re . 

For example , let ' s  take t he Por tsmouth Nava l  Sh ipyard s i tuat 1on , 

wh ich has been very much headli ned . That study has now completely 

c ollapsed because the dose data have been r e leased , and the people who 

d i ed t rom cance r we r e  not espec 1.ally in the exposed g roups . I n  othe r 
words , t he r e  was very l i ttle d i t t e rence , in te rms ot cance r i nc idence , 

be twee n  those who we r e  exposed and those who we r e  not exposed in tha t 
s h ipya rd . so that s i tuat ion provides no e v l.dence . 

GOO� :  Well. , i t  I may d i t t e r  with you on that case , I wa s t h e  

advisor t o  t he local un ion a t  t he Por t smouth S h ipyard d u r ing the 

const r uc t ion ot the Threshe r , wh ich now i s  down at the bOttom ot the 
s ea . .  The wor k e r s  we re not g i ven adequate instr�c t 1.on or t ac 1 l. 1 t 1es tor 
r ecor ding the dose s they we r e  exposed to du r i ng the we ld ing ot that 
s u bma r lne .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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�EBSTER : What I am say ing i s  tha t  you can ' t  show--and I c ha��eng e 
you to show--that there bas been a ny adve r se e t t ec t--

GOODMAh :  Yes , I ag r ee--

W EBSTER : --t rom c u r rent �eve l s  ot occupat iona l exposu r e  to x-rays 

or g amma r ay s  i n  this country , includ l ng Por t smouth Nava l Shipya rd . 1 

c hal lenge you on tha t . 

GOODkAN : Ye s ,  s i r , I am pr epared to take up that challenge . 

YALUW : I n  my commentary on the Cu r i e ser ies , I polnted ou t that a 
l arge numbe r ot people d ied t rom h i g h  exposure to r ad i a t ion , star t i ng 

with Ma r ie cu r ie and he r a s soc iate s .  

1 do not accept that s 1ot 1 n  d led 1 n  the same sense . i n  t act , I 

have pointed out that s�ot in d ied a s  a t i reman going 1nto a bu rning 

bu i ld i ng or a po�iceman shot i n  the l i ne ot duty . He knew that the 

reac tor was going to go c r i t ica l du r i ng the ea r ly s tages ot work ing 
w 1 th reac tor s ,  and , as a hero , he broke up that reactor , that p i le ,  
with h i s  own hand s .  

Now , t h i s  1 s  a completely d i t t erent s i tuat ion than what we a r e  now 
tal k i ng abOut . I n  the Ma ncuso Repor t that dea lt with the Han tord 

wor k er s ,  the exce ss deaths presumab�y we r e  att r i bu table to those who 

r ece 1ved more than � 5  rems dur ing the l r  ent i r e  wo r k ing t ime , wh ich 1 s  
equa� to l iving i n  Denve r tor 1 0  to 2 0  year s ,  and the total death rate 
due to cance r among the se wo r ke r s  wa s 14 . compa r e  this t igure to an 

expec ted death r a te d ue to c ance r  ot 2 8 ,  so that one then attr 1 butes 
th i s  to the healthy wor k e r  idea , that these wor k e r s  are hea�th ier tha n 

t he g ene ral popu lat ion , and t he retore they had ha l t  t he cancer death 
r ate . 

He t hen g oe s  on to t e � l  you that there we r e  two types ot cancer 
tha t had been increased th reetold : in mu lt iple mye loma a nd i n  
panc reat ic carcinoma . 

How t r ightenl ng : I t  turns out that the expected death rate was 

0 . 6 .  The actual dea th rate was J .  Now , i n the case ot pancreatic 

carcinoma , only one ot t he se three has already been p roven . The othe r 

two are quest ionable . Bu t 1 n  t ac t , i t  i s  much �es s  t r igh tening to say 

t here we re three cases ot pancreat ic cancer than to say the death r a te 
wa s 1nc reased threetold . 

Le t  me po int out to you that the l i ke l l hOOd ot panc reat1c cance r 

resulting t rom r ad iat ion can be g leaned t ram the ve ry high dose �eve l s  

t hat we re g i ven at Hi roshima a nd Nagasa k i ,  and i n  the survivor s there 
wa s no ev idence tor i ncreased pancreatic carc i noma i n  pat ients 

r ece iving � 0 0  rads as an acute exposu r e . 

Theretore , the r e  i s  absolutely no sc ient i t ic ba s i s  tor say 1 ng , eve n 
1 t  there we r e  three cancer deaths due to panc rea t 1c cancer at Hantord , 
that thi s was attr i butable to a rad lat ion e t tect . 

how , I know i t  i s  a g reat idea to talk abOut big bu s iness and big 
reactor s ,  and they are always bad . I n  t ac t , a s  Dr . Webster points out , 

t h i s  i s  not t he subJ ect ot d i scuss 1on tOday . Pe r haps we shou ld ask the 
Nat 1onal Academy ot Sc iences to con s ide r the gene r a l  hea lth hazards ot 
a 1 r 1 1 ne p 1 1ots--
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GOODMAN : I wou!d apprec1ate tha t--

YALOW : --and other r ad i a t ion wo r ke r s . We a r e  ta!k l ng abOut 

some thing d i t t e ren t .  

GOODMAN : I accept that s uggest 1on g ladly . 

YALOw : 'l'h l s  i s  re levant , but i t  1 s  not re levant to today • s  
d 1 scuss 1on , wh ich i s  the a i sposa l o t  med ica! wa ste . 

Now , e s sent la !!y wha t we have to do i s  match these !ow-!eve! waste s 
aga1nst wha t  they have done . I n  our count i"y , ! in 4 , 0 U U  child ren a re 

bOrn with the hypothyroid i sm ot the newbOrn and wi!! be i r reve r s i bly 

menta!!y r e tarded i t  t hey are not de tec ted and t reated 1n t ime . Wlth a 
t ew mic roc u r ies ot iod ine-!2 5 ,  we can protec t them ag a inst i r reve r s i ble 

mental r etardat ion . 
These a re the k i nds ot 1 ssues that we are d i scuss i ng today . we a r e  

not d i scussing wha t i s  happening at nuc lea r powe r plants or 1 n  uran1um 

m i n ing , or the coal m i ne r s  who a r e  dy lng t rom b!ac k  !ung d i sease . 
These a r e  d i t terent i ssue s ,  and I t h i n k  you s hould rest r ict you r 
quest ions to t hose 1 ssue s . 

E .  H .  � TONEH I LL ,  Nat ional Cance r I ns t i tute : I was i nte rested some 
yea r s  ago i n  a repor t that conce rns some ot the data that Dr . Yalow 
r e t e r r ed to r egarding the health e t tects ot l iving 1n the Rock 1 e s  
a rea . I can ' t  c i te t h e  exact r e t e rence , bu t I d o  reca!! t h a t  the 
authors we re somewha t c hag r ined and upset at the t 1me . Recog n i z ing t he 
i nc rease i n  r ad iat ion exposu r e  due to bOth te r restr i a l  and cosmic ray s 

1 n  t he Roc k ie s  a rea , t hey tound the !owe r cance r r a tes ,  t hey tound the 

!owe r death rates that you reter red to , Dr . Ya!ow . Bu t i n  try i ng to 

t l nd some rat ionale , t hey looked a t  a !ot of othe r thing s ,  a s  I r eca!! 

the repor t : they tound a lowe r homicide rate � they t ound a lowe r 

d 1vorce r a te � they t ound a !owe r t i ng e r na 1 !-hang 1ng rate . They !ooked 

tor eve rything and tound it to be !owe r and in the d i rec t ion ot longe r  
l i t e  o r  healthier ! i te . 

Has anyone to! 1owed t h l s  up1 Is there any c la1m tor the reasons 

tor th 1 s  othe r than the r adiat ion assoc iat ion , wh1ch wa s the 1ntent o t  
t he r e searche r s  when t hey star ted , but not nece ssa r i ly t h e  reason , 
othe r than the possibi l i ty aga i n  tha t  Dr . Ya!ow mentioned--and I don ' t 

k now the Mormon content ot that study e i t he r . 

YALOW : We!l , i t  i s  really ve ry d i t t icu!t to dea l wi t h  th i ng s  whe n 
y ou are wo r k ing a t  the se levels c !ose to natu ra! bac kg round . The 

chang e s  1 n  the compos it ion ot the populat ion , tor instance , the 

t r ac t ion black , the t rac t ion Hi spanic , pe rhaps even whe re they come 
t rom .  The point we are ma k ing really i s  that at these !ow dose rate s 
ana !ow total doses the e f tects are so sma!! that one cannot s imply 
design an exper imen t  to g i ve you an answe r . 

And t he quest ion I r a 1 sed i s  1 t  at t h i s  t ime we cannot des 1gn the 

appropr iate expe r iments to g ive u s  an answe r , then because ot my 
c oncept ot conse rvat ion of resource s ,  i nc lud ing sc ient i t lc talent , 
might we not be spend i ng ou r t ime and money otherw1se i n  doing the 
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k inds ot t h 1 ng s  that wi l l  save l ive s r athe r than cont inu1ng to exam1ne 
a na r eexamine the e f tects that we have not been able to obse rve at 
t hese ve ry low leve l s� 

GOLUMAN : 1 th1nk Dr . stone h 1 1 1  1 s  r e t e r r 1ng to a repo r t  by · Norman 

Per ) u r io ot !ate at the Argonne LabOratory i n  which the nat u ral 

bac kg round rate tor each state wa s plotted aga 1 nst the age-adJ USted 
cancer mortality rate tor those state s , and , as we have heard , those i n  

t he Color ado P lateau had the h ighest exposu re levels , abOut a t actor ot 
two hig he r , and muc h !owe r dea th rate s t rom cance r .  

l t  you look c a r e t u l !y at those data , you t i nd that one o f  the 

det ic ienc 1 e s  is in lung cancer . And it you look ag a i n  caret ul!y ,  mos t  
o t  t he states i n  t he Un 1 ted States a r e  c lu stered a round l O U  m i l l 1 rems . 
The va r i at ion f r om state to state with a constant dose rate i n  the 
mor tal i ty r ate wa s t ar g reate r than the d rop i n  the h ig he r  states . And 
you have hea t d  tha t one plau s i ble explanation mig h t  be the lac k ot 

tobacco and c e r tain othe r thing s  1n the mix ot tolks the r e . 

I t  you also add to that the t act that r ad i a t ion seems to have a 

p re t e r ence tor certain k inds ot organs , 1 t  the dose 1 s  u n 1 tormly 

d i s t r ibu ted , a l l  organs a r e  not a t  equal r is k , and i t  you then cor rec t 

t or that , you w i ll t ind that the r e  really i s  no r e la t 1onsh1p othe r  than 
the ma) o r  int !uence ot a lack ot a la rge t r ac t ion ot the popu lation 
w i th smoking h i s tor ies . 

I t  you wanted to r educe cance r 1n the Uni ted state s , the s ing le 

most e t t ec t 1 ve th1ng wou ld have to do wi th ou r pol icy regarding the 

tobacco p lant . �ut that 1 s  anothe r Forum . 

OTTO ZECK : Dr . Webste r presented a scena r io ot d r ink 1 ng whOle 
barrels worth ot car bOn-1 4 .  I wonde r 1 t  you would to!!ow t hrough on 

the scenar io tor iod ine-1 2 5 , say the amounts that Dr . Ya!ow 1s work ing 
with , 5 m icrocu r i e s . 

WEBSTER : Wel l , the s i tuat ion wou ld be somewhat d i t t e rent , ot 
cou r se , because a substan t i a l  t rac t ion ot the 1od1ne-12 5 would loca l i z e  

1 n  t h e  t hyroid g land , and the thy ro 1d g l and dose , t he r e t or e , would be 

cons ide ra bly h ig he r  s i nce it i s  a rathe r sma ll piece ot t i s sue . We a r e  
t a l k i ng about 2 0  g rams wor th o t  the thyroid ins tead ot 7 0 , 0 0 0  g r ams 
wo r th ot whole bOdy . 

Neve r the less , because of t he very t iny amounts of ac t i v i ty that a r e  

going into these tubes--or . Ya!ow mentioned I t h i n k  1 nanocur ie pe r  
tube--a nd t h e  o r d e r  of 5 mic rocur ies pe r wee k , i f  that w a s  i ngested by 

one per son ( I  don ' t  k now how you wou ld do i t ,  t rank ly ,  chewing up a ! !  
t hat g lass , b u t  neve r the less , i t  you d id i t ) , w e  a r e  talk ing the orde r 
ot abOut 5 rads o t  dose to the g land , roug h ly a rad pe r microcur ie ot 

i od ine-1 2 5  in the form ot iod ide . That i s  actually !ess dose than 

people receive who are go1ng to the hosp ita l and having d i agnost ic 

tests tor t hy ro id t unct ion , tor example , a thy roid scan . 

So that I wou ld place i t  in th at pe r spec t ive , that i t  i s  s t i l l  a 
small dose , even tor iodine-1 2 5 . Ac tually , much ot the mate r ial wou ld 

not be in the chemical torm ot t ree iod ide and th i s  would substant i a l ly 
r educe the thyroid dose . 
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YALO� : can I add that when Dr . Webste r was hav1ng them dr1nk 

s everal g allons ot toluene and he was wor ry ing about the late 

carc 1nogenic ettects , they would die acutely t rom liver d i sease . I 

would say that anybody who was choosing to chew up s , o u u  tubes ot g lass 

would hardly be around wa iting tor it to attect the thyroid 1n such a 

case . I think they a re much more l i kely to d i e  t rom something else . 

ANDREW GLASSBERG , House Energy and Powe r SubCommittee : I would 

l i ke to t irst compliment Ur . Webster and then take i ssue with him.  I 
would l i ke to compliment him tor compar i ng the incineration ot these 
low-level wastes to wood-burning stove s .  But I would l i ke to take 

issue with him when he desc r ibed the amount ot low-level waste that i s  

generated a year and then d ispersed 1nto the atmosphere . All th1 s  
assumes sort o t  a n  instant di spersal , uni tormly distr 1buted . 

Now , I think i f  we a re going to consider the health et tects ot 

incinerating some ot these low-level wastes , then we should conside r a 

scenar io that would ret lect the wood-burning stove type scene where you 

have some concentration ot these wastes , and then incine rate i t  over a 

local a rea and what the e t t ects would be on that locale , and whether 

that is a problem at all . What levels are we talk ing about then? 

WEBSTER : Well , i t  is obviously a d i t terent scenario.  I was 

cons 1der ing an ideal1 zed s ituat1on where all ot th1S carbOn-14 1 s  
universally d i spersed so we have a new steady state in the world . That 

would take some t ime to occur . 
That would br ing me to my suggestion that indeed we do not burn the 

whole national amount ot carbon-14 in biomedical wastes in one place . 

I would think that it would be much better to combust i t  1n a large 

number ot devices .  There are a numbe r ot ways ot doing tha t .  It could 

be put into oi l-burning equipment all over the country . Toluene waste 

could be burned by the u . s .  Navy cruising 1n the middle ot the Atlantic 

by putt 1ng 1 t  in d iesel oil . There are lots ot ways to d i sper se i t  so 

i t  i s  not near any population cente r .  

Hut ,  even i f  i t  was near a populat ion center--and the Nuclear 

Regulatory commission has worked out the number s  on this--the amount ot 

r ad iation that anybOdy l iving close to i t  would r ece1ve at 4 0  meters 

t rom the incine rator i s  still extremely small.  I t  i s  on the order ot 

m i ll i rems . The NRC cost-bene f it analysis of the proposal contains 
those number s .  

JAMES J .  SMITH , Veter ans ' Administrat1on :  Dr . s tonehill ' s  comment 

makes me observe that he might be interested i n  looking 1nto the theory 

ot hormesis , which has nothing to do with hormones ,  but is the theory 

that tox1c substances 1n small amounts may actually be benef icial , and 

probably Denver is in such good shape because ot the small amount . 

I would also like to call the attention ot the g roup to the cur ren t 

i ssue ot The Economist and the p icture on the cover tor which the 

legend i s  " The World Health C r i s i s , Your Money or Your Lite . "  
We are spend ing billions of dollars t ry ing to determ1ne how one 

pe rson may be a victim ot cancer or may lose h i s  l i t e . How about the 

same amount ot money and the correlation between the l ives that may be 
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saved? Now , t h i s  i s  a t remendous ep idemiolog lcal problem , bu t w e  must 

be doing &omething r ight 1n the money we spend on r esea rch . The l i t e  
expectancy has i ncreased g reatly , and I t he retore th i nk i t  would be 
very w1se to pay attent ion to wha t Dr . Ya low has said , that some 

cost-bene t l t  analys i s , some epidemiolog ical eva luat ion s hou ld be made 
ot the l ive s that we are saving by research and i nve s t igat ion s . 

�� spend ou r t ime i n  a neg a t i ve way as to how many people we may be 

demoli shing or caus ing cance r i n  seems very , ve ry neg a t i v i stic to me , 
a nd 1 t  doesn ' t  seem to be the human sp1 r i t  at all . 

With respec t to the comment s about the Mex ican inc ident , I am J U S t  

back t rom a wee k  at Oak R idge i n  which w e  went i nto a l l  ot these 

thing s .  As most ot you know , there have been tewer than 50 people who 
have lost the i r l i ve s  t rom 194 � to the present t ime 1 n  acc idents and 

exposures inc ident to the use ot a tomic energy du r i ng that pe r iod ot 

t 1me . We knock ot t 1 , 0 0 0  more people eve ry year w i th our automobi les . 
So i t  would be nice to have some pe r spect 1ve on t h i s  whole 

p roblem . And to c lose out the comment on The Economist cove r ,  I am 

remi nded ot the s tory ot the man who was held up and told to sur rende r 
h is money or h i s  l i fe . He says , take the l i te , I need the money to r  

someth ing else . 

I RVING M .  STI LLMAN ,  Phys icians tor Soc ial Respons i b i l i ty : We have 

hea rd addressed the problem ot the pe rceptions that are spread among 

t he publ ic and the t ear that these percept ions a re m i sconst rued . Why 
do they occu r  in the t i r s t  place . I wou ld sug9e s t  par t icula r ly to you , 

Dr . Albe r ty ,  that perhaps i t  we had 1n add i t ion to the people we have 
heard this morning a m ixed pane l with some who have been a rg u ing on the 

othe r  s ide , people who are well quali t ied--Al ice S tewar t ,  who 1 s  a t ine 
epidemiolog ist , I rw1n Bross , John Gotman-- l nstead ot hav1ng a 

completely u n i torm , one-s ided presentation of the problem , I think that 
that might encou r age a l i t t le mor e  cred i bi l i ty .  That ' s  my comment . 

Why don ' t  you do t h i s 1  Why do you constantly pr esent a uni torm , 

monol ithic pictu r e  when there a r e  ser ious arguments aga inst many ot the 
t h ing s that people sald this morn i ng , such as some ot the t h i ng s  that 
Dr . Yalow said? Bu t you neve r  g i ve u s  the c hance . 

YALOW :  Can I answe r t hat? I have been tor a long t ime see k i ng to 

have a one-on-one d i scuss 1on with He len Cald icott , who i s  president ot 
your organ i zat ion . 

STILLMAN : Cor rect . 

YALOW : I have put out t l i e r s  a ll ove r the country . · They came to 

New Yor k  and had a sympos i um at my institution , wh ich wa s the Ei nste 1 n  

School o t  hed ic ine , a nd ,  i n  t act , they have neve r inv i ted m e  to 
par t ic ipate i n  any ot the i r  sympos ia and permit me to answe r the i r 
que st ions . 

STI LLMAN :  May I extend an invitat ion to you , or . Ya 1ow--

YALOW : I wou ld apprec iate a tormal inv i tat lon at any t ime . 
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STILLMAN : --i t  you w i l l  d o  the same with u s .  I t  you will l e t  u s  
speak at your symposia ,  we will--

YALOW : I haven ' t  had symposia . 

�TILLMAN : Well,  you have one r ight now--then we wi ll permit you 

very comtortably to appear at ou r s .  

My second comment and question is that since w e  are talking abOut 

the ettects ot !ow-level r adiation--

ALBBRTY : I would l i ke to emphasi ze that we are talk lng abOut a 

very l imited subj ect today , and that i s  low-level biomedical wastes . 

AlthOugh you have ment1oned the names ot some people , I am not aware 

that they are opposed to the use ot low-level concentrations ot 

i sotopes in biomed ical research and in solving the problems that must 
be solved to d i spose ot those thing s .  I don ' t  hear them calling tor 

halting this research . 

STILLMAN : No, no, nor am I ,  but what we are questioning i s  the 

t act that low-level waste can be extremely dangerous , and the 

1mpression that is be ing g iven here today is that it i s ·not . 

ALBERTY : Well , would you be a l ittle more spec i t ic? I n  what way 

i s  it extremely dangerous? What i s  your view ot what that hazard i s ,  

because that ' s  a pretty strong sta tement. 

�TILLMAN : Yes ,  and I would be willing to appear on one ot your 

panels and d i scuss it in detail. 
Let me J USt point out, tor example , to be spec i t ic i n  one area , we 

have heard a lot abOut tritium and how harmless it is . However ,  it 

turns out that when you actually calculate the populat ion dose tor 

tr i tium that the previous estimates that are now used by the ICRP , 
where you have a relative biolog ical ef tectiveness , tor example , ot ! 

to 1 . 7 ,  that ther e  have been many studies that now indicate that the 

r elative biolog ical ettectiveness , or the QF ot that particular 

isotope , happens to be probably closer to 4 or 5. And even Ted 

Radtord , who i s  the head of the BEIR committee , has admitted to that . 

I t  also turns out that there 1 s  a tactor like bioaccumu lat ion that 

has been neglected , as one proceeds up the trophic levels ot a 

terrestr ial or aquatic chain,  which has been neglected , i nd icating that 

DNA, tor example ,  accumulates three to tour t imes more t r i ti um  than 

previously antic ipated and plugged into the equations . And I could go 

on and on, but I don ' t  think this i s  the time . 

The second point I would like to make i s  that when Dr . Yalow say s 

t hat we don ' t  have the t ime or talent to i nvestig ate the problems ot 
low-level radiation ettects , I really think she is doing us all a 

d isservice. I don ' t  know abOut epidemiolog ical studies--that ' s  not my 

t ield ,  I am a biophysicist--but I know that there are many k inds of 

s tudies that can be done on low-level r ad iation i nvolving microscopic 

pathological types ot investigations , tor example , strand breaks in 

DNA, chromosomal aber rations as a r esult ot exposure to radiat1on, that 
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can be done ve ry comtortably .  It  she would l i ke m e  t o  help her s e t  up 

the exper iments ,  I would be happy to . And I wonder it she would J U S t  

address that aspect ot r esearch . 

YALUW : Yes ,  1 will be g lad to address those aspects ot research . 

We are concerned now with these ettects . The whole panel today i s  

d i scuss ing these e t t ects at levels about two t o  three t imes the 

backg round radiation that we have in New Yor k  and Washington . Now , 

these studies have been done . They have been done in a Chinese g roup . 

They have been done by the people at Ki rala in Ind ia .  They have been 

done 1n stud1es i n  Braz11 where the dose levels are several times 

natural backg round . And these human stud ies and stud ies i n ,  say , the 

r ats in the a rea and other r elat ively large-s i z�d an imals have r evealed 
noth ing . 

My quest ion i s  how of ten must we r epeat these stud i e s ,  unless 

somebody t rom your g roup or any place else can desc r i be t laws in these 

s tud ies that would r equ i re repeating them1 

I am not talk i ng now about doing studies 1n bac ter ia or suc h 
th ing s .  I a m  talking about doing human stud ies a t  levels comparable to 

the background r adiation , twotold to threetold h ighe r , and without 

desc r ibing how the existing studies are t lawed . I see no reason to 

continue to repeat and repeat such studies.  

HUU�TON BAK�R , Amer 1can �oc1ety tor Pharmacology and Exper 1 mental 

Therapeutic s :  I wanted to throw another compar i son in the r i ng here 

w ith r espect to the wood-burning stove , which I don ' t  believe 1s addl ng 

to the natural burde n .  I think I a m  J USt acce1erat1ng the process o t  

the decay ot that wood by pyrolytic process, because I know the leaves 

in my yard are routing mor e  ot that carbon-14 back into the a i r  than 

the wOOd stove is putting out .  I don ' t  burn most ot the stut t coming 
on my woodlo t .  

I t  i s  my impression that the natural burden , worldwide average o t  

carbon-1 4 i s  roughly in excess o t  halt a cur ie per square k ilometer . 

Now , halt a cur ie per square k ilometer as a natural burden tor 

carbon-14 tells me that , say , the NIH campus , which i s  about l square 

k i lometer , produces a cons iderably g reater amount ot carbon-14 in the 

natural environment than there is 1n use in those laborato r ies during 

the course ot the year . 
The quest ion 1 n  my mind , i t  i n  t act the natural env1 ronrnent 

contains so much more , why a ren ' t  we bur n ing th i s  tr ivial quantity and 

sending 1 t  out and d i sper si ng it into the natural envi ronment instead 

ot messing around with all this very complicated r igamarole to satisty 
anx ieties that really have 

_
very l i ttle bas is? 

WEBSTER : That was my thesi s .  You j ust enunc iated it very , very 

well . 1 th ink the next panel wi ll go 1nto this in more de ta i l  when 

they talk about the methods tor d i sposal other than shipping i t  to 

Hantord , Washing ton ,  at enormous cost . �o thank you very much . 

BAKER : You are quite welcome . I had other comments I wi shed to 

make . For 1nstance , I was i n  the envi ronment of the bubble chamber 
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when i t  blew up . That bubble chamber was not t r i t i um ,  that was cold 
hydrogen . 

GOODMAh : What caused Mr . Reed ' s  death? 

BAKER : I don ' t  know Mr . Reed , but the man who--

GOODMAN : Mr . Reed was an employee in the bubble chamber . 

BAKER : Oh , well , Mr . Reed , i s  he the man who was sitting on top ot 
t he apparatus when it  exploded? 

RALPH ALLEN , Director ot Envi ronmental Health and sat ety , 
Unive r s i ty ot Vi rg inia : As a chemist charged with being the chai rman 
ot the Rad iation satety Commi ttee , I have tound that the bur ial ot 
organic solvents in the g round , even though they are s l ightly 
contaminated with radioactivity , i s  a real mistake . But when we tr ied 
to have some public input as to how to best relieve the concerns ot the 
public where incineration would take place , a question arose • .  It i s  
one that I would like you to address , i t  possible , because i t  resulted 
i n  a county ordinance that limited the release ot any radionuclide that 
had a halt-l ife of g reater than 12 years , in other words , a imed at 
tritium and carbon-14 , tor tear that i t  would accumulate 1n the 
b losphe re , particula r ly in the reg ion near the inc inerator . I guess I 
would l i ke any comment as to whether that seems to be a reasonable 
bas i s ,  rather than using the NRC regulations , wh ich take a lot more 
t actors into account . 

ALBERTY : Dr . Webster , you seem to be the rec ipient ot several ot 
these questions , but is there any danger ot accumulation ot tri tium or 
carbon-1 4 ,  j ust to take spec i f ic examples ,  in  the vic inity of an 
1nc ine r ator ?  

WEBSTER : Well , i t  depends on how complete the combust ion to carbon 
dioxide and wate r vapor is . I t  not complete there may be some local 
depos ition ot condensed vapors or ash , but at  a ve ry low act ivity 
level , since the concentration in the burned mater ial i s  low . Local 
r a 1ntall dur ing i ncinerator operation will br ing down some t r i t iated 
water vapor and carbon-14 carbon diox ide . But even if 1 cur ie per yea r 
were burned i n  one incinerator , I believe any local contamination would 
almOst certa inly be undetectable except possibly at the ba se ot the 
s tac k ,  compared with normally occur ing level in soi l  and vegetation , 
wh ich i s · ot the orde r  ot 100 millicuries per square mi le .  Raintall 
w i ll wash away much of any surface depos ition so that a bui ldup is 
unl i kely . 

ALLEN : Well , the spec i t ic question i s ,  i f  you i nc inerate 1 t  and 
release i t  as carbon d iox ide and wate r , are there g rounds tor fear and 
t herefore g rounds to limit the release ot this k i nd of mater ial? 

wEBSTER a Not compared with what i s  being produced every day by 
cosmic-ray bombardment ot the atmosphere , which , as several people have 
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already pointed out , cont r i bu te s  only a smal l  f r ac t ion o t  backg round 
r adiat ion . 

YALOh : we c a lcu lated i n  New Yo r k  tha t  the amount ot carbon-14 

released when we bur n  about a quar te r  ot ou r garbage i n  the c i ty i s  

about 5 to 1 0  cur ies o t  carbon-14 a yea r , wh ich i s  t ivet old to tentold 
the amount ot carbon- 1 4  i n  all the sc inti llation t lu ids 1n u se a l l  ove r 
t he country . B1 ther we a r e  going to have to stop bu r n i ng g a r bage or 
not permi t ,  a s  the env i ronmental i sts wou ld l i ke u s  to do , the bu rning 

o t  ag r imass a s  a sou rce ot heat . All of thi s r e leases carbon-14 to the 
atmosphe r e  g r eatly in exces s  of the numbe r s  we are tal k i ng abou t . 

Essent i a lly what we a r e  ta l k i ng a bou t  i s  r ecyc l i ng c a r bon and 

tr i t i um bac k to the atmosphe re in amounts tha t represent an 

i ns i g n i f icant t raction ot the r ecyc l i ng that takes place every day . 

For instance , the evaporat ion f rom the wate r s  ot the Hudson Rive r  eac h 
d ay would g reatly exceed anyth i ng that we could poss i bly bu rn i n  the 
New Yor k area f rom the biomedical uses of t r i t i um .  

ALBERTY : I wou ld l i ke to a s k  Dr . Quentin L i nd sey to comment . He 
i s  on ou r program t h i s  a t te rnoon .  

L I NDSEY : Le t  me j ust speak to th i s  last quest ion , i t  I may . We 

made a study in Nor th Carolina ot inc ine rator s ,  one type ot wh ich wa s 

tor the s tate as a whole . The study had several obJ ec t i ve s ,  but I w i l l  
only touc h o n  one , namely , that related t o  the emi s s ion que s t ion . The 

emiss ion ot t r i t ium a nd carbon-1 4  at the top ot the s tac k ( betore 1 t 

leave s the s tac k at , let ' s  say , the max imum rate ot bu rning when the 
concentrat ion wou ld be the highe s t )  would exceed the NRC standards that 
are establ ished , bu t I don ' t recall the numbe r s . But a t  wha t we would 
const rue to be the bounda r ies ot the t ac i l i ty ( seve r a l  t ee t  t rom the 
s tack , but aga i n  I do not r emember the numbe r s )  the concentration 
d ropped to be low the s tanaards as e s tabli shed by t he NRC , and very 
c lose to the backg rou nd leve l s . 

HAROLD TSO , r epresenting Pe te r McDonald t rom the Nava J o  Tr ibe : D r . 

Y alow , 1 t  one be l ieve s in the Mormon t a ith , then you and I may be k i t h 
a nd k in ,  tor the Mormons say that the Ame r ican Ind ian i s  one ot the 
los t 10 Tr i be s . Pe r haps that may have some bear ing on someth ing tha t 
i s  not scient i t ic .  

I t  seems to me that we are dealing w i th a lang uage problem . Mr . 

Cha i rman , membe r s  of the pane l , we a r e  a people who a r e  catching up 
w i th the rest of the wor ld , and i n  catching up we have a lang uage 
problem . � e  a r e  a people who a r e  J US t  becomi ng awa r e  ot rad ia t ion and 
1 ts s ig n i ficance to our l i ve s ,  and our language doe s not even have a 
word tor radiat ion . And so when we beg i n  to expl a i n  rad i a t ion and i t s  
s 1g n i t icance t o  our people , we have to bu i ld word p ictures t o  convey 
the idea . 

Sut t ice i t  tor the moment to say that r ad i a t ion can bes t  be 

expla i ned at the mome n t  a s  a g iant x-r ay machine that cannot be turned 
o t t . Tha t  i s  how our language lac k s  i n  t h i s  technical term inology . 
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Go ing on i n  the way ot language d i t f iculties , we are talk ing abou t  
health e t t ects , and there i s  a trauma w i t h  the omn isc ient physician who 
says you have got to use radioi sotopes in the d iagnostic work ,  and this 
produces a trauma ot its own . I t  i s  traumat ic enough for the twent ieth 
century Amer ican , but to explain i t  to an Amer ican Ind ian who does not 
know what radiation is , i t  is  even more traumat ic . 

The notion ot your sophisticat ion and your statistics is  
commendable , but to the Amer ican Indian , lite is  very s imple ; you ar e 
e ither al ive or you are dead . The chances for staying al ive i f  you 
stay inside , there i s  no such thing . You are alive or you are dead . 
And again that becomes a lang uage problem. 

Var ious Ind ian tribes are now going into var ious energy developmen t 
scenar ios . we understand that these development scenar ios will have 
impacts on the health ot the local peoples 1n many d i t terent ways . 
These health impacts can probably be measured , for instance , by the use 
ot radio1sotopes tor medical work , and this i s  coming for the Ind ian 
t r ibes . 

I believe that I speak tor not only the Amer ican Ind ians ,  but also 
those minor i ty groups and others who lack knowledge and the 
soph isticat ion in radiation pr inciples . We would l i ke med ical 
practitioners who can explain knowledgeably these thing s  on which you 
wax so eloquently . You are research spec ialists , and I apprec iate 
that , but our medical practitioners down there 1n our c11n1cs lack thi s  
1 ntormation and lack this sophistication tha t  you exude . I would 
encourage the Academy to do all i t  can to educate the med ical 
practitioner to a11ev1ate this medical trauma of radiolog ical 
diagnost1c wor k .  

And that leads me to my question : How can the Academy d i rect i ts 
ettorts to educat ing not only the scienti f ic personnel who deal in 
these research thing s ,  to expla in to the layman , how can the ACademy 
use its accumulated knowledge to explain these thing s  to the minor ity 
g roups whO have no understanding in these th ings about wh lch you are 
very inte lligent and educated? 

YALOW : I take i ssue with your say ing that the minor i ty g roups , and 
part icularly the Ame r ican Ind ian , are undereducated . Although I have 
been decry ing the fact that represented among the doctoral candidates 
in eng ineer ing in our country we have 35 percent nonresident aliens , 
l nd icating the lack of i nterest ot Amer ican students i n  eng ineering as 
a vocation , as it turns out , the Amer ican Indians are represented 
proportionately to their  numbers in the population , and I would l i ke to 
cong ratulate the Amer ican Ind 1ans on recognizing that the 1 r  t uture , 
l l ke the f uture of the rest of us , depends upon technology . 

I f · I  wanted to desc r i be  to the uneducated what radiat ion means , I 

would not say i t  1s that which comes t rom a g iant x-ray machine , I 
would say i t  is  that which comes f rom the sun and the stars , because 
these , in tact , are the sources ot cosmic rad iat ion . These , in t ac t ,  
a r e  the sources ot natura l radioactivity from the earth . Thi s  was made 
when our wor ld was made , and I would not desc r i be  it in  terms of an 
x-ray machine . I would describe to the Ind ian that i t  � s  that wh ich 
cou•es f rom nature . 
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WHAT ARI:; THE; CURRENT OPT!Ot�S FOR DI SPOSAL"/ 

OVE;RVIf.'W :  

JOHN G .  DAVI S 

Direc tor 

O t t ice ot Nuclear Mater ials satety and sateg uards 

u . s .  Nuclear Regulatory comm1ss ion 

F l r s t ,  j ust a few words about the Nuclear Regulatory commi ssion . 

As an independent regulatory agency it has a responsibility to 

r eg ulate , among other thing s ,  low-level waste d i sposal in areas of its 

JUr isdiction . The NRC is not autho r i zed to promote or to establish the 

development of commercial nuclear activities , inc luding the 

establishing ot low-level waste disposal methods , nor do we believe 1 t  

appropr iate tor a n  independent regulatory agency t o  d o  so . However , we 

do have an obligation to develop and implement suitable regulations tor 
d i sposal that provide adequate protect ion to the publ ic health and 
satety . 

The overv iew r emarks that I will make are t ocused on ident ity1ng 

what can be done now unde r existing regulations to dispose ot low-level 

r ad ioactive biomedical wastes . 'l'hey are l imited to rad ioactive 

biomedical wastes and are made t rom the perspective ot the regulator , 

r ecogn i zing that certain options now ex ist or are under active 

consideration for di spos ing of thi s type of low-level waste . The 

r egulations now provide these opt ions , but it should be clear that the 

generator of the wastes must pe rform responsibly to meet requi rement s 

that a re assoc iated with these option s ,  demonstrating that low-level 

radioactive biomedical waste has been disposed in contormance with 

r equi rements . 

Viewed t rom this perspective , what are the current options? 

Basically these options entail good waste management practices and 

a llowable practices now ex isting under NRC regulations . First, users 

ot radioactive material for biomedical purposes should exercise care to 

minimi ze the g eneration ot waste . Th is means exerc is ing good waste 

management practice s .  It is not a matter ot reg ulation . 

�or k  involving rad ioactive mater ials should be ca ret ully planned to 

min lmize the volume ot waste generated . Mlnlmiz ing the generation ot 

r ad ioactive waste requi res admini strative procedures tor caretul 

preplanning ot work ,  effective management control , and ca r e  in the use 

o t  r adioactive mate r ials, and most speci t ically i t  r equ 1res management 

attention to this minimization . 

Proper waste management , administrat ive p rocedure s ,  management 

attention , and care can lead to minimi zation of radioactive waste 

g eneration and segr egat ion of waste as it is generated . 

The t irst step 1n waste management is to assu r e  that waste treated 
as r ad loactive waste is in t act rad loactive . care must be exercised to 

separate rad ioactive waste f rom nonradioactive waste as i t  is 

g enerated . Apparently ,  as Dr . Cooley remarked ,  many laborator ies as a 

matter of conven ience , caut ion , and " to keep the reg u lato r s  ot t the l r  
backs" have treatea a s  rad loactive any waste assoc i ated w 1 th the use ot 

radioactive mate r 1als . 

Copyright © National Academy of Sciences. All rights reserved.

Disposal of Low-Level Radioactive Biomedical Wastes
http://www.nap.edu/catalog.php?record_id=18878

http://www.nap.edu/catalog.php?record_id=18878


4H 

A t i r s t  opt ion i s  to ma ke ce r ta 1n that nonr ad ioac t ive waste i s  
d i sposed o t  1 n  norma l  was t e  channe l s . so , t i r st a im a t tent ion a t 
volume min1m i za t ion .  Now , once e t tor ts have resu lted in volume 
m 1 n 1 m 1 zat 1 on , the r ad ioac t 1ve wa ste can be t u r the r seg regated tor 
d isposa l .  

�orne commonly used 1 sotopes i n  med ical f ac i l i ties have relat ively 

shor t halt-lives measured 1n terms ot hou r s  or a tew days . I t  waste 

conta ining these r ad io i sotopes is held tor decay tor approx imately 10 
ha lt-lives , it approache s  backg round leve l s : that i s , it cannot be 
d i s t i ng u i shed t r om bac kg round using typ ical survey i n st ruments . And 
once stored tor about 10 half-lives and reaching bac kg round levels , 1 t  
c an be d i sposed o t  th roug h normal waste channe ls i nsot ar a s  NRC 1 s  
concerne d .  

spec 1 t ic l icense approval , that i s , a n  amendment or a cond i t ion on 

the l icense by the NRC, is requ i red for hOld i ng these mater ials for 

decay pr ior to d i sposal a s  normal waste . For cons ide rat ion tor such 
approval by the NRC , the appl ican t should demonstrate f i r s t  that he ca n 

actually s tore the mate r i al sa fely , a nd second , that he w i l l  per torm 
appropr iate surveys both by admi n1strat ive control and by 
l nstrumenta t ion . 

As a l l  r egu lator s ,  I w i l l , of cour se , quote a lot ot the 

regu lat ions . The r e  is a section 1n 10 CFR 20 . 30 3 ,  Pa r t  20 , • s tandard s 

tor Protect ion Ag ainst Rad iat ion , •  that a llows anothe r option , and th i s  
i s  the re lease of r ad ioac t i ve mate r ials unde r ce r ta i n  cond itions i nto 
t he sani tary sewe r ag e  system . 

Now ,  no spec i t ic l icense approval 1 s  needed t rom the NRC to do so . 

The autho r i za t ion i s  bu i l t  into the regulations . There a r e  ce rtain 
cond i t ions that the l icensee must meet to use this opt ion , and these 

are : the e f f luent s mus t  be soluble and d i spe r sible in wa te r , the 

r ad ioac t i v i ty concentrat ions u s i ng d i lu t ion t rom the sewage must not 
exceed ce r ta i n  lim i t s  spec i f ied i n  the regulations , and the g ross 
q uant i ty of r ad ioact ive ma ter ial must not exceed 1 c u r ie pe r year . 

Howeve r ,  we have now unde r considerat ion a proposal to amend the 
r egula t ions , wh ich would r a i se the l im i t  of t r i t ium d i sposed ot i n  t h i s  

fash ion t o  5 cu r ie s  pe r yea r� and ca r bon-1 4 t o  1 c u r i e  pe r yea r i n  

add i t ion t o  the 1-cur ie l im i t  f o r  a l l  othe r  r ad ioac tive radioi sotope s .  
Now , th i s  mo r n i ng my compatriot spoke a bout sc i nt i llat ion f lu ids 

a nd animal carcasse s  conta ining t r i t ium and carbon-1 4 . The NRC has 

proposed a new sec t ion to its reg u lations . Th i s  would pe rm i t  the 
d i sposa l of sc intillat ion f luids and animal ca rcasses con ta i n i ng less 
than o . o s  microcu r ie per g ram ot t r i t i um and carbon-1 4 a s  

nonrad ioactive waste . However ,  due to hazards other than 
rad ioactivity , ther e are other f ederal ,  state , or local laws with wh1 c h  

t he l icensee must comp ly gover ning the i r  d isposal a s  nonrad ioactive 
wastes as a matte r of caut ion . 

Af ter seg regating wa s te streams a s  desc r ibed ,  the re may st i l l  

rema in some bul k  rad ioact ive wa ste t o  be managed , a n d  i t  may be 

c onvenient to reduce t h i s  volume . Two volume r educ t 1on me thOd s that 
may be appropr iate are compac t ion and inc ine r a t i on .  

compac t ion can be accompli shed qu 1 te s imply by prope r pac kag i ng  
techn ique s or by mec han ical compac tor s .  Pa r t icula r ly i t  a mechan ica l 
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compactor i s  t o  be u sed , c a r e  shou ld be exe r c i sed t o  assure adequa t e  
health physics a nd controls . Inc ine r a t ion requ i re s  spec i f ic approva l 
by the NRC unde r the prov i s ions ot the regu lat ions . Th i s  requ i res 
careful evaluat ion and procedu res adm i n i strat ion to assure worker 

satety and control ot e f f luents . Again , inst itut ions cons ider ing 

1 nc ine rat ion shou ld be awa re that state and loca l regu lat ions a l so may 
apply . 

Anothe r opt ion for con s ide rat 1on that i s  i nc luded i n  the ex i s t ing 

r eg u lat ions involves bur i a l  ot smal l  quantities ot r ad ioact ive mate r i a l  

1 n  the so i l  o n  the l icensee ' s  s i te .  An inst i tut ion can apply tor NRC 

autho r 1 zation to bury sma l l  qua n t i t i e s  ot mate r i a l  on the site in wh ich 
1t operate s .  Fac tor s  cons idered tor approval of such appl icat ions 
inc lude s i te control and s u i tabi l i ty and the need for no furthe r 
control for r adiat ion protect ion purposes a t  such t ime as the 
institut ion no longer has control ot the s i te . Use of this prov i s ion , 
we be l ieve , i s  l imi ted but may have some value unde r c e r tain 

c i rc umsta nce s .  
I n  order t o  a llow tor the i ngenu i ty o f  t he l icen see , the 

regulat ions also provide tha t the NRC w i l l  cons ide r any othe r means 

t hat a l icensee may dev i se to d i spose of r ad ioac t ive ma te r ial . s uch 
proposa l s  will be cons ide red on the me r i t s  ot each proposa l .  

At ter the re has been s t r ict management o f  r ad ioac t i ve waste 

gene r a t ion and the conside r a t ion of the opt ions and , hope fully , use o t  

some opt ions , the r ema in ing was te gene r a l ly i s  sent t o  comme r c i a l  

low-leve l waste bu r i a l  g rounds . The NRC bel ieve s ,  howeve r ,  tha t by 

careful waste manag ement and by u se ot the opt ions that now ex i s t  in 

the reg u lat ions o r  th� t are unde r act i ve considerat ion , the volume o t  

waste going t o  commercial bu r ia l  g rounds c a n  b e  s i g n i f icantly reduced . 

In summary , wha t opt ion s do we have ? F i r s t  i s  the m i n imization o f  
waste gene r a t ion by prope r wa ste management ' second , the tollowi ng 

opt ions now ex i st i ng o r  under cons ide r a t ion w i th i n  NRC regula t ions : 

Ho ld shor t halt-l i t e  mate r i a l  tor decay and survey and d i sposal a s  

normal waste . 

Release und e r  ce r ta in cond i t ions into the san i tary sewe rage system . 

Bu r i a l  on site . 
I nc ine r a t ion . 

Compact ion . 

Transter to an author i zed rec ipient . 
Disposal of sc inti llation l iquids and an ima l carcasses unde r 

ce r ta i n  cond i t ions a s  nonrad ioac t ive waste . 

Spec i t ic methods proposed by appl icants that are revi ewed on the i r  
me r i ts by the NRC . 

WI L B .  NELP 

P rote ssor of Med i c i ne and Rad iology 

Head ot Divis ion of Nuclear Med icine 
Un ive r s i ty of �ashing ton 

You have heard an ove r v iew ot what we cou ld do reg a r d ing waste 

manag ement . I wou ld t i r s t  l i ke to comment j us t  a bit on seve r a l  

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

D isposa l  o f  Low-Leve l  Rad ioac t i ve  B iomed ica l  Was tes
h t tp : / /www.nap .edu /ca ta log .php?record_ id=18878

http://www.nap.edu/catalog.php?record_id=18878


5U 

aspects ot waste management , and one ot the important things i s 
management . When we started to look ser iously at what was go1ng on in 
inst i tut ions--and I think our inst i tution was typical--we found that we 
were somet imes manag ing very poor ly ,  and tor conven ience or by hab1 t  we 
were putting volumes ot mater ials out unde r the labe l ot rad ioactive 
b iomed ical waste that really weren ' t  rad ioactive as  such , i . e . , they 
had bas ically aecayed . Just pointing these thing s  out to individual 
u sers will reduce volume considerably . Of course , s imple compact ing ot 
waste is another ef tect ive way of s ign i f icantly reduc ing volume . 

Also , I think there will be a major reduction in carbon-14 and 
trit ium waste volumes through a change in the regulations , permitting 
us as  a g roup to get r id of mater ials that are very l ig htly rad ioactive 
in our common d i sposal s i tes under those plans cur rently proposed by 
the NRC tor waste conta ining less than 0 . 0 5 microcur ie per g ram 
concentration . Overall this wi ll have an impact in decreasing the 
volume of mater ials that will go to commerc ial low-level waste s i tes 
from the biomed ical use r s  by close to 5 0  percent . 

Now , i t  is obvious to me , and I hope i t  i s  obvious to many of you , 
that the real long-term solution for wastes that must be d i sposed of as 
low level i s  combust ion , that i s  reduc ing these thing s  to co2 and 
water , a technology that 1 s  very approachable . I t  has some problems , 
but I think i t  could be insti tuted very e ffectively . We are going to 
have to wor k  at i t . �e will want to consider reg iona l i zing i t  among 
g roups ot states . But the safety of i t  i s  obv ious to me . 

The relative s implic ity of combusting the carbon-14 and t r i t ium 
wastes and rec irculating them in the envi ronment where they contribute 
virtually nothing to the cur rent envi ronmental burdens seems very 
appropr iate . I would hope that we would wor k  and move in th i s  
di rec t ion immed iately , not only for biomedical waste , bu t also in othe r 
a reas of waste control . This would be a very big s tep torward . 

Now , what has recently happened to potential waste disposa l 
c apabi lit ies in the Uni ted S tates? Well , an interesting thing happened 
on the way to the polls in the State of washing ton . As mentioned , I 
was an  adviser to the governor and I have had the oppor tun ity to 
interact in relat ion to biomedical affa i r s  and waste d i sposal . 

As many ot you know , in the State of washing ton dur ing the Novembe r 
elec t ion , Initiative 3 8 3  was placed on the ballot and was passed . Th i s  
i nit iat ive stated that the state ( inc lud ing the Hantord low-level waste 
site )  would be closed to rece ipt of out-of-state nuclear waste s ( h igh 
and low levels)  a f ter July 1,  1981 , wi th the exception that out-ot­
state med ical and biomed ical research waste would be exc luded , i . e . , i t  
would still be permitted to be let t  at the Hanford low-leve l  waste s 1 te 
at ter July 198 1 .  

Betore we analyze what this doe s ,  I shou ld tell you a tew things 
about the low-level s i te at Hanford . I t  is  a s i te tha t  has 100 acres 
and has been operational tor 1 5  or more years . It has u sed about 6 or 
7 acres of the total s i te capac ity . I t  has an enviable health and 
safety record . I t  i s  the only s i te ot the th ree in the Un iteo States 
that will receive radioact ive liqu id scint illation mater ials at the 
p resent t ime . 
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Now , i f  all the liquid sc int i llat ion mater ials come trom biomed ica l 
waste s t reams , as most ot them do , then we will be protected .  But 
there is a problem for univer s i t ie s  and research inst itutions , s i nce 1 0  

t o  maybe 1 5  pe rcent o f  l iquid sc intillation waste and other low-level 
rad ioact ive waste gene rated probably comes f rom depa r tments ot physics 
o r  othe r  hardcore sc iences that can ' t  str ictly be related to the 
biomed ica l f i eld , so thi s  may pose some real d i f f iculties . 

so , on the sur face i t  looks a s  i f  medic ine and biomedical 
resea rche r s  will be protected even though Init iative 3 8 3  was passed . 
That may not necessar i ly be true , because the way the i n i tiat ive is 
wr itten poses some very ser ious interpretive quest ions about how waste 
t rom national manufacturers who supply us with rad iopharmaceut icals and 
other rad iochemicals will be handled . Th i s  will have to be determined . 
Also , there are very ser ious questions about the const i tut ional i ty ot 
the i n i t iative , wh ich may be t ied up by legal cons iderations for some 
t ime ,  s ince i t  seems to be preempting certain inter state commerce and 
federal laws . 

Now , let ' s  look a t  the et fect ot I n i t iat ive 3 8 3  t rom another point 
of view . I have analy zed what came into the Hanford low-level site in 
the past 6 months and have . annual i zed th i s  expe r ience . Thi s  s i te 
rece ive s  about 500 , 0 0 0  cubic feet of out-of-state low-level waste . And 
a s  tar as I can te ll f rom the records , about 30 percent of that comes 
trom the biomed ical waste stream tha t  we are concerned with ,  which will 
be permi ttee to keep com ing . 

I t you are privately manag ing that waste s i te ( as i s  the case ) , you 
are in need of a prof it . Thi s  i s  federal land that i s  leased to a 
p r ivate enterpr i se that i s  a commercial waste depos itor . The 
enterpr ise suddenly loses 7 0  percent of its bu siness because i t  ha s 
been excluded by law . 

Now, the lnit iative says that i t  will in f act permi t reentry ot 
out-of-state waste into thi s  s i te unde r interstate compacts after July 
1 ,  1981 . I don ' t  think it takes much imag ina tion to know that it ta kes 
a long t ime for this pol i t ica l process of 1nter state compacts to be 
ag reed upon , and in addi t ion I n i t iat ive 3 8 3  states that such compacts 
mus t  be approved by both houses of the u . s .  Cong ress : As you can see , 
i t  may by 4 or 5 yea r s  betore this  could come into t r u i t ion . 

I am ve ry supportive of reg ionali zat ion .  I think i t  i s  the only 
t ai r  way to go . The passage ot I n l t i ative 3 8 3  permits that , but the 
July 1981 cutof f date is much too soon to ar range compacts , and the 
s i te operator now is s i tt ing there wi thout 7 0  percent of his business . 
( Th i s  may be as high as 8 5  percent when alternate methods tor 
b iomed ical waste d i sposal become e f fective . ) What is  the s i te operator 
going to do? What wou ld you do? 

1 think the answe rs a re obvious . You can go out ot bus iness , 
because your f ixed costs are so high you can ' t  afford to run a los ing 
operation , or you are going to have to tr iple or quadruple your rates 
tor d i sposal . Instead ot SlO a cubic toot , i t  i s  now going to be $ 3 0 , 
$ 4 0 , or $ 5 0  a cubic toot . Th is cost will be passed on to the 
biomedical g roups , because they are the ones who are going to have to 
u se the s i te ,  and toot the b i l l :  S o  any way you c u t  1 t , the cost tor 
our waste burial wi ll go up manytold . 
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Now , alternatively , it the s i te ope rator goes out of busi ness , 
t here i s  a real potent ial tor shutdown of the s i te on a temporary or 
per haps a prolonged bas i s , and who would open i t  up? As Calvin 
Brantley was say ing , if we close i t  down tor more than 100 days , we get 
ser iously concerned about 1nterrupting da ily medica l  care . Would the 
Wasing ton state government come in and open it up , would FEMA and the 
fede ral government come in and open it up , or what wou ld be the 
opt ions? In each case , the cost of operat ion would not be any less , 
and the potent ial for prolonged polit ical and administrative delays a r e  
very real . 

QUENTIN W .  LINDSEY 
Sc ience and Public Policy Advisor to the 

Governor ot North Carol ina 

Le t me beg in by explaining a bit why the State of North Carolina i s  
involved i n  waste di sposal activity . First , North Carolina happens to 
be the fourth or t it th la rgest generator of low-level radioactive waste 
among the states in the country . Thi s  rank stems f rom the numbe r ot 
nuclear reactors we have ahd f rom our nuclear -mater ial-processing and 
rathe r  extensive research fac i l i t ies , including med ical schools and 
o ther types of research institutions , some of which are at Research 
Tr iang le Par k . Second , we are also generating each year what we rega r d  
a s  a tar more d i f f icult and complicated agg regate of waste , namely , 
chemical and othe r forms of toxic and hazardous waste that emanate from 
our var ious i ndustr ies . 

G i ven these cond i t ions , we bel ieve that the state government must 
contr ibute to the solution of the problem of waste management , at leas t  
w i thin our border s .  The point i s  that w i t h  a number of research 
ins t itutions , with two power companies operating nuclear-gene rating 
plants within our border s ,  and w i th p r i vate industry of one sort or 
anothe r generating waste , it is diff icult tor the whole collection o t  
g enerators t o  get together t o  solve the problem in  the absence o f  
overall state leadership .  Consequently , 1n  July o f  1 9 8 0  Governor Hun t 
appointed a waste management task terce to address both the hazardous 
and the low-level rad ioactive waste problems that we have . 

Given this a r r ay ot waste that we generate in Nor th Carolina , we 
have tound i t  essential to d i f ferentiate among the var iou s types ot 
waste . In the low-level radioactive f ield ,  we r ecogn i ze that the waste 
being generated by nuclear plants is d i fferent f rom most waste 
g enerated through med ical diagnosi s  and va r ious torms of research , but 
all may be rad ioactive to some deg ree . I d i s t inguish here , of course , 
between the high-level r adioact i ve waste found in spent tuel rods and 
the low-leve l  rad ioactive waste that nuclear powe r plants accumu late i n  
t he torm ot discarded protec tive c loth ing , used t i lter s ,  exposed pip1ng 
that ha s been replaced , and so on . The ope rat ion ot nuclear reactors 
r esults in low-level rad ioactive waste as well as h igh-level 
rad ioactive waste , but both categor ies ot reactor waste represen t 
d i tterent rad ioac t i ve i sotopes t rom those found in sc inti llat ion vials 
and in  animal carcasses emanating f rom med ical and research 
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insti tut ions . In add ition , the quantity ot rad ioact ive mate r i a l ,  1 . e . , 

the level or concentration of radiation tound in sc intillat ion vials 
and exper imental animal carcasses of the types we are d i scussing today , 

i s  much smaller than the quant ity ot radioactive mater ial normally 

tound in low-level nuclear reactor wastes and even in wastes stemming 

t rom research wherein larger levels ot radiation are essential . 

Therefore ,  a s  the panels have d i scussed thi s  morning , identifying 

wastes such as sc intillation vials and exper imental animal carcasses as 

having such low levels ot radioactivity as to be excluded leg itimately 

a nd properly f rom identi f ication as low-level radioactive waste means a 

g reat deal to us . Proper methods ot waste d i sposal include recycling 

or reclaiming , inc ineration , and bur ial in a proper ly designed 

landf ill . We bel ieve that the chemical toluene , in scintillation 

v ials , i s  more dangerous than the small amounts ot radioactive 

mater ials found in the vials. Toluene is toxic and h ig hly t lammable , 

and , when accumulated a s  waste in the vials , i s  more appropr iately 

recycled or incinerated in accordance with the p rocedures def ined by 

the Resource Conservation and Recovery Act than by NRC procedures tor 

radioactive materials . Li kewi se , exper imental an imal carcasse s ,  

depending upon the exper iment and the level and halt-lite o f  the 
rad ioactive mate r ial used , are often better di sposed ot according to 

appropr iate biolog ical considerations rather than according to rules 

relat ing to radioactivity .  

one o f  the c r i t ical i ssues that we t ace i n  proper ly manag ing the 

disposal ot waste , then , i s  the misconceptions that we have with 

respect to waste . Ther e  is a strong tendency to classity , as 

observations f rom the aud ience ind icated this morning , all radioactive 

waste as s imply one g lob ot waste that is very dangerous .  This i s  a 
total mi sconception . Until we beg in to differentiate between 

h igh-level waste , and then , in the low-level category , the var ious 

types and amounts of waste that are generated , and f rom whence they a r e  

g enerated and how one must deal with them, we w i l l  have d i f f iculty in 

gett ing on top of the problem. 

To be spec i t ic ,  we can identi ty the types and the amounts ot 

rad ioactivity in scintillation vials and in animal carcasse s .  Those 

who do the research and med ical d iagnoses can determine this because 

they put the radioactivity there . When we compare the levels ot 

r adiation in the vials and carcasses with background levels ot 

rad iation ,  and with the costs of disposing of such waste in the manner 

p re sc r ibed for radioactive waste , i t  simply makes more sense to t reat 

them as nonr adioactive waste . 

In revising the class i f ication , we must not , of course , j ust 

indiscr iminately throw away scintillation vials and animal carcasses . 

We must treat them in proper tashion , whether this i s  in accordance 

with regulations under the Resource Conservat ion and Recovery Act or 

accord ing to biolog ical considerations , or bot h .  

Turning br iefly now t o  the public unde r standing a nd partic ipation 

a spects ot waste management ,  in North Carolina we t ind that it i s  

absolutely essential t o  get at the facts behind each type of waste w i t h  

which we must dea l .  We must lay these facts betore the people of our 

state in ways that they will understand and that will enable them to 
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compare the r isks and the benet it s  assoc iated with the waste . We are 
cont ident that t ull publ ic par t ic ipat ion will then result in support ot 
the tac i l ities needed tor prope r waste management . In the absence ot 
t h i s  torth r ight approach , fear s ar i s i ng f rom misunderstand ing and 
mishanal ing of wastes will make i t  d i f f icult to develop necessary 
d isposal t ac i lit ies , and thus our research and industr ial g rowth will 
be ser iously i nhi bited . 

we have extens ive med ical and othe r research t ac i l i t ies , we have 
industrial g rowth , and we have nuclear-generat ing plants , f rom all ot 
which we are benef iting .  We are moving toward developing addi tional 
research and industrial fac i l i t ies , many of wh ich will generate some 
f orm of waste . We are a low-income state , and these measures are 
des igned to improve the economic status of our people . But , unless we 
can get on top of th i s  waste management problem , it will ser iously 
constrain us  in terms of the basic obj ectives that we have as a state . 

In closing , I should note that we are not see k i ng to operate in 
isolation . We hope , for example , to wor k ou t arrangments with South 
Ca rol ina tor the use of the Barnwell t ac il i ty if the compact 
ar rangements that are be ing discussed in Cong ress today are worked 
throug h .  In a rec iprocal fashion , we are seek ing to recycle used 
lubr icating o i l  f rom both our state and South Carolina in an o i l  
re-ref ining plant that w e  have j ust developed in Rale igh .  we a re much 
interested also 1n  the outcome of th i s  d i scussion here today and i n  the 
possibil ity of reclass i fy i ng certain types of waste that we have been 
cal l ing low-level rad ioactive .  To do so wi ll  mean a g reat deal to u s  
i n  terms ot the method and the cost o t  d i spos ing o t  some o f  o u r  waste . 

ROGER w .  BROSEUS 
Ch iet , Rad iation Safety Branch and Rad iat ion 

Satety Ot t icer 
National Inst itutes of Health 

I would l i ke to look at this t rom a practical point ot view ot what 
people can do today . I t  may sound a l ittle b i t  l i ke a broken record , 
but I think it  is  impor tant to emphasi ze some of the points that have 
been made and to note how an operating prog ram can benef i t  from changes . 

Betore doing that , I would l i ke to r a i se one other point , and that 
i s  my own persona l pessimism about the continued avai lability of 
adequate shallow land bu r ial capac ity tor medical i nst itutions . I 

think that many of us  are aware of th1 s  problem , 1 t  has been around a t  
least s ince the summer o f  1979 . We need to continue to be aware ot the 
problem and to look at why we have had problems with respec t to 
d isposal of waste . 

Le land Cooley spoke about some of these problems , which bas ically 
relate to a lack of t 1me to implement solut ions . Inst i tut ions have 
been torced into play i ng a catch-up game . We have to allocate space 
for decay . We have to reallocate our manpowe r resources . We have to 
acqu i re properly des igned equipment . we t ind the Depar tment ot Energy 
f undi ng studies to def ine what proper equ ipment is , and in the meant ime 
we are trying to f ind equipment that we can install today to help solve 
our problems . 
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I t  i s  important t o r  us t o  make management and admini stra tive 
per sonnel 1 n  our var ious institut ions awa r e  ot these needs , the g ravi ty 
of the s ituation so that we can reallocate ou r resources to develop 
alte rnat ives . This  will help to a lleviate unresolvable problems such 
as those that occurred in late 19 7 9 .  

Now, to g e t  t o  some o f  the pract ical solut ions that we can 
implement today , some ot which have been d i scussed by the NRC 

r epresentative and others . I would l i ke to suggest some pract ical 
po ints . 

First of all ,  cons ider that f ract ion of waste , shipped tor bur ial , 
that does not contain l iqu id scintillation vials . I t  has been 
s uggested that this represents roughly 50 percent of the waste that a 
typical inst i tut ion ships out . I would suggest that it  you are at that 
leve l  now , you should a im tor a reduction to about 10 to 20 percent . I 
will ment ion in  a moment the ef fectiveness of some ot the th ing s  we 
have done at  our insti tution , but we see the non-l iquid sc int i l lation 
waste fraction of our sh ipped waste be i ng about 10 or 20 percent . I t  
may b e  easy to r educe very drast ically the volumes you have to ship tor 
shallow land bu r ia l . 

D1 sposal by decay has come up again and aga in.  There is a very blg 
potential tor volume reduction by decay ing wastes . At our fac i l i ty ,  by 
combining this with i nc i nerat ion of some relatively low-level waste , we 
have found that within a year ' s  per iod of time we reduced the volume ot 
non-l iquid sc int illat ion vial wastes going to shallow land bu r ial by 
over 5 0  percent : f rom 1 , 0 0 0  bar rels to about 350  per year . I 
emphas i ze that this occur red in a per iod of 1 year , and we were already 
compacting much of this waste previous to th i s .  

Make sure you a r e  not shipping i tems that need not g o  into the 
rad ioactive waste s ,  espec ially shor t half-life mate r ials . Thi s  canno t 
be emphas i zed enoug h .  S tud ies done by Cooley , by NUS , and othe r s  have 
ind icated that a very s igni f icant f rac t ion of the waste ( in te rms of 
act ivity )  wa s technetium-99m ,  which has a half-l ife of only 6 hou r s :  

I f  you use the 10 half-life rule of John Davis , that represents 6 0  
hours for technetium-99m ,  wh ich i s  about 2 or 3 days o f  decay t ime . In 
fac t ,  many nuclear med ic ine depa r tments use ve ry short half-li te 
r ad ioactive mater ials and can d i spose of v i rtually all of the i r  wastes 
by on-s ite storage and decay . 

D i sposal combined with inc inerat ion i s  a very important opt ion 
avai lable to many generator s today for nonsc intillat ion vial wastes . 
By decay ing shor t hal f-l i t e  radioac t ive mater ials and inc inerating the 
low�leve l wastes , we can real i ze very signi f icant saving s .  I mentioned 
t hat we dropped f rom about 1 , 0 00  to 3 50 drums sh ipped i n 1 yea r . Th is  
resulted in a cost saving s of over $65 , 00 0  a yea r for our  inst itution . 
Th i s  under represents the : saving s  for many , by the way , because we 
real i ze economies of scale . I t  costs us around $110 a drum to sh ip and 
bury radioactive waste . Many inst itutions are paying $200 and $300 a 
barrel . Of course ,  i f  the predict ions of Dr . Nelp come true , these 
cost savings can be even g r eater . 

There are a lot ot other th ing s  we can look a t ,  sewer d i sposal and 
so on , but I bel ieve that the biggest problem we have to look at , 
aga i n ,  1 s  l iquid sc inti l lation vial wastes . Th i s  i s  the ma in source ot 
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my pe sslmism . We t ind , as Dr . Nelp pointed out , that we have only one 
s ite that will rece ive l iqu id sc inti llat ion via l wastes . When South 
Ca rol ina au thor ities tound themselves rece iving 8 5  percent by volume ot  
the nat ion ' s  r ad ioac t ive waste , they shut u s  off . Washing ton may wel l  
t eel the same way about l iqu id scintillation vial wastes . 

Aside t rom the pessimism ,  thoug h ,  one can again look at cos t 
s aving s ,  l iquid sc intillation vial wastes do const itute at least ha lt 
of the total waste we have to ship.  If  one were to install a crushe r 
tor vials and even ship the c rushed vials to a r ad ioact ive waste 
d i sposal s i te ,  a volume reduction of about 80 percent could be 
r eali zed . So , i nstead of having to ship lOC bar rels , tor example , you 
would only have to ship 2 0 barrel s .  I would hazard t o  guess that , at a 
larger institution , one could real i ze enough cost saving s  j ust in 
transpor tation costs and bur ial fees that within 2 or 3 year s could 
o t f set the cost of installat ion of crushe r s  and other apparatus needed 
to d i spose of the l iqu id sc intillation vial wastes on s i te .  

We need to keep i n  mind the point that Quent i n  Ll ndsey made about 
the Resource Conservat ion and Recovery Act . The proposed change in NRC 
r egulat ions with regard to d i sposal are welcome changes and will g ive 
us more leeway with respect to d i sposal of radioactive waste J however , 
we then will have tox ic chemicals instead of • radioactive waste • to get 
r id of . I t  these wastes cannot be shipped to a commercial bur ial s i te , 
i t  they cannot be burned or otherwise d i sposed of on s i te , you may t ind 
you r self with an insoluble problem . As I understand it , there i s  no 
r easonable technology avai lable today to sol id i ty tox ic chemical 
organic wastes . Because of the immiscibility of organic solvents with 
water , the typical types of solidif icat ion processe s we try to use 
don ' t  wor k .  The organics cannot be bound as we would like to see 
t hem . There is a fear that we may end up with a s ituation analogous to 
the Love Canal problem . 

In summary , the cur rent practices with respect to bu r ial ot organic 
tox ic waste s  will probably not be continued for too many more months J 
t hus , we must g ive some strong considerat ion to on-s i te d i sposal ot 
l iqu id sc int i llat ion vial and other organ ic liquid wastes . 

The last point I would l i ke to make i s  that institut lons will 
always have , i n  my view , a small , i r reduc ible volume of radioact ive 
waste for which the most reasonable d i sposal alternat ive is shallow 
land bur ial . The problem relates to the length of the halt-lite for a 
par t icular nucl ide and the feas i b i l i ty of d i sposal by decay . Some 
institutions are bu i lding storage fac i lities to store iod ine-12 5  
waste s .  I ' m not talk i ng about the small quant i t ies conta ined i n  RIA 
tubes , but about wastes containing millicurie levels of activity . 
Being more rad iotox ic ,  radioiodine& deserve spec ial attent ion when we 
get into s ignif icant levels 'of activity . With a 60-day half-l i fe , i t  
w e  used the 10  half-l i te rule , we would have decay tor & O U  days , which 
would require 2 years of storage . The volumes ot waste that are 
i nvolved would demand quite a s i zable storage fac i l i ty ,  and i t  may be 
that , i f  reasonably inexpens ive shallow land bu r ial st rateg ies were 
available to u s ,  bu r ial would be the better way to go . one can think 
o f  analogou s s ituations with othe r rad ionuclides used in biomed ica l 
r e search . The re may be a need tor shallow land bur ial s i tes to 
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accommodate these types of wastes . Some shal�ow land bu r ia� s i tes may 
not requ i r e 100  or 1 5 0  year s  ot "perpetual care . " There is a need tor 
shallow land bur ial s i tes tor some ot the less tox ic ,  less hazardous , 
or mOderate , halt-lite , low-level radioact ive wastes .  

JOHN A .  D .  COOPER 
President 
Assoc iat ion of Amer ican Med ical Colleges 

I would like to start by observing that when I let t the research 
l aboratory , I thought I would be r id of issues sur round ing the d isposa� 
of radioactive wastes . My partic ipation today makes i t  appea r tha t I 
am going to be involved with t h i s  the rest of my professiona l l i te . We 
haven ' t  made a lot of progress since I sta rted a radioisotope 
l aboratory in 1 9 4 8  and devoted a lot of effort try i ng to get r id ot the 
waste s tha t we wer e  gener at1ng . 

I served a s  a member ot the Atomic Energy commission committee on 
Insti tutional Licensur e  f rom 1956 to 1959 , licens ing institutions to 
wor k with r adioisotopes . The problems fac ing us then in  us ing these 
mater ials are still with us and have increased substant ially in the 
i nte rvening years as r ad ioisotopes have become a more essent ial and 
c r i t ical par t  of our biomed ical research ef for t and the diagnos i s  and 
treatment ot d isease . 

We were ve ry pleased with the recommendat ions of the commission to 
g ive exemptions to certa i n  k inds of wastes that are gene rated in  
biomedical research : l iqu id sc int illation vial contents and animals 
used in exper iment s .  

W e  would l ike to r ecommend that cons iderat ion be g iven to extend ing 
those except ions to othe r k inds of parapherna l i a  that one uses in 
conducting research exper iments . I mean d i sposable mater ial such as 
g loves and paper products that become contam1nated at levels below o . o s  

microcur ie per g ram during the exper iment .  From the raa ioactivity 
standpoint , they are no d i f ferent from levels in the carcasses or the 
v ials . 

In add i t ion , very ot ten one takes par ts ot the carcass , such as 
l iver s  or spleens , and body flu ids , such as u r i ne and blood , as a pa r t  
o t  the expe r iment . We would l i ke to suggest examining whe ther these 
mater ials could also be included in the exempt ion . They· do not d i f f e r  
f rom the carcasses in the content of rad ioactivity or t h e  types of 
ma ter ials that are involved . 

�ne third area about which we are concerned i s  othe r  solut ions that 
ar ise from many expe r iments involving radioisotopes : for example , t rom 
c hromatog raphy , where one deals with f a i r ly la rge · amounts of solut ions 
with very low rad ioactivity content . One samples out of column 
chromatog raphy 1-m i l l i l i te r  f ractions of the e f f luent of the columns 
and counts it using l iqu id sc intillation . The vials and the i r  content s 
a re exempt , but the rest of the e f f luent f rom the column chromatog raphy 
is not . Thi s  eff luen t conta ins extremely low rad ioac tive levels . We 
would l i ke to r a i se the poss ibi l i ty of inc lud ing a l l  of the ef t luent 
t rom thi s  type of column ch roma tog raphy in  the exemption . 
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If we could get these included i n  the very forward-look ing proposa l 
by the commission , we could fur ther reduce the amount of waste tor 
which we are going to have to f i nd d i sposal s ites , s i te s  that i t  ha s 
been po inted ou t are becoming more and more di t t icult to t ind and more 
and more expens ive to use . 

The t ou r th area that I th ink deserves ser ious consideration i s  the 
problem of f inding bur ial s ites for mater ials conta ining rad ioactivity , 
not because ot rad ioactivity ,  but because today i t  i s  not very easy to 
develop bur ial s ites for any kinds of chemical wastes . 

We are concerned about whether we can continue to handle the 
problem with only one bur ial s i te available , and that one in a 
precar ious s i tuation ; whether we can develop an adequate number of 
s i tes , par t icularly it we don ' t  reduce f urther the volume of mater ial s 
that are not exempt . 

A t it th area about which we are concerned i s  not the carbon-1 4 ,  
t r i t ium , and sulfur-3 5 we have been d i scussing , but mater ials that 
a r ise f rom medical d iagnos i s  and/or therapy . We are us ing more and 
more shor t-life radioi sotopes i n  medical procedures because they 
g reatly enhance our ability to d iagnose and treat d i sease . These 
generate large amounts of wastes , usually of very shor t halt-li t e  
i sotopes . 

· 

I t  i s  qu ite true , as Dr . Davis has said , that we can store these 
for 10 half-lives , but we are runni ng into problems in f i nding the 
p laces to store the volumes of solutions involved . we would l i ke to 
raise the question of whether there is something that can be done in 
working with the commiss ion and other agencies to t ind places to store 
these wastes for the short per iods of t ime requ ired ;  space is  s imply no 
longer available in the hospital or med ical center . 

The last point I would l1ke to make i s  one Dr . Davi s has pointed 
out--that in segregating wastes by types , it is  going to be possible 
tor us to reduce the amount of waste we have to take out of the 
i nsti tution to bur ial s i tes . Th is  is going to requ i re a change in 
behavior ot the g roup that i s  involved with the collect ion and 
d isposi t ion of wastes . To change this behavior , we must have an 
extensive prog ram for education ot personnel .  

I t  i s  going to take t ime and e f for t to introduce a new way ot 
operating into a system that has been funct ioning in a different mode 
for a long t ime .  For this reason , we are concerned about educat ion and 
training and the t ime that i s  go1ng to be requi r ed to adapt to the new 
system of segregating wastes . Fr ankly , some of the tunds we are going 
to save in reduc ing the volume of our waste wi ll be taken up by 
i nstitut ing the segregation procedure . 

The recommendations the commission has made have been excellent . •  

We do see their action as an interest in  c la r i fying the problems , 
part icularly for very low-level waste , which should never have been o t  
much concern to us or the publ ic . W e  hope that there w i l l  be 
cont inuing cons ideration ot how we can extend the exempt ion to othe r 
wastes that conta in such low levels ot rad ioac t ivity that they 
contr 1bute essentially nothing to the rad iation doses received by the 
g eneral population . But if this can be accomplished , we s t i ll tace 
ser ious problems in obtaining permiss ion from OSHA and othe r s  to get 
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r id ot the se mater ials by inc i neration , burning , or combust ion ,  eve n 
t hough they are class if ied as nonrad ioactive . We have made some 
prog ress , but we have a very long way to go , par t icularly in view ot 
t he increas ing impor tance ot some of these i sotopes to biomed ical 
research and medical diagnosi s  and therapy . 

JOSEPH S I LVA , JR. 
Professor of Med ic ine 
Un iversity of Michigan Med ical School 

Some ot the newer regulat ions that perta i n  to generation o t 
b iomedical wastes have g reat interest to the Amer ican Federat ion tor 
Clin ical Research . We are composed of 10 , 0 0 0  clinical invest igator s 
a nd probably account for the generation of much of the problem , and 
that i s  scintillation vials and the flu id conta ined therein . 

I have served as a tocal po int within our Federation for 
d i scussions related to d i sposal of the waste we gene rate J and once 
again , we are only talk ing about low-level wastes . I think the 
speaker s  this morning h ighl ighted the importance ot these 
t echnolog ies . FOr the nonphys ic ians in the audience , I can relate that 
much of the major advances today , e i ther at the lab bench or at the 
patient ' s  bedside , could not come into an accoun�ing wi thout th i s  
technology . I t  winds its way through all types o t  research , rang i ng 
f rom immunology to cancer . 

I n  terms of the practical approach to the problems , the Federation 
has been look ing at several measures , and they all have to be appl ied 
at a var iety of d i f ferent levels . We f ind d i f f iculties with the 
storage of scintillation vials . Most laborator ies are qu ite small ,  and 
our research space is shr inking .  

I f  we can ' t  get the sc intillation vials out of our laboratory , t hey 
simply overrun our workspace . We may have accidents related to 
spillage ot the mater ial or . to the f lammable hazard . Much of our 
activity is d i r ected at removing these wastes from the laboratory so 
t hat our own personnel a re not involved in manipulating the mater ials 
any turther than from the sc intillation counter .  

some centers now demand that the researcher • break down " the vial , 
pour out the sc intillation f luid into a central void volume , and then 
c lose the cap up and throw it  into a central canister or drum .  Thi s  i s  
a very time-consuming procedure . Many clinical laborator ies are 
generating 500-plus sc intillat ion vials per week , and i t  really does 
increase the cost of research g rants and all the othe r ef forts that Dr . 
Ya low addressed . 

W i th respect to other things that should be looked a t , I agree with 
John Cooper . I think we need to see an expans ion here in  the mater ials 
t hat can be d i sposed of by normal means . Be add ressed the f ac t  that in 
many of ou r exper imentat ions we wor k with column e f f luents or 
i r r igations of a cell system or degenerat ion of a waste product t rom 
animals , and these are clear ly very low-level waste s and could be 
d isposed ot by the usual method . 
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I n  my own labOratory , tor every l milliliter of sc int illation t luid 
that we gene rate that i s  contaminated with low-level radioact ive waste , 
we may generate 1 0  or 1 5  other mill iliters that are u sed in i r r igating 
cell systems or t rom column chromatog raphy . In that same ve in , I think 
t he plastics and the benchmats , and all the plastic d i sposals that 
contr ibute to the actual spacing in the drums , could be el iminated by 
t he usual d i sposal methods . 

Before I left to attend this Forum ,  I went by my labOratory and 
removed the top of one of my d i sposal drums . Clear ly much ot the 
mate r ial in there was related to plastics and benchmats and things ot 
thi s  sor t that are very bulky in s i ze ;  there was an incred ibly small 
amount of r adioactive mater ial contained therei n .  

��st o f  our investigators ind icate that compact ion o r  dehydration 
or concentration are really not going to be feas ible because they are 
going to make demands on the clin ical lab to separate the var ious 
products or , even more , will create a h ierarchy in  the unive r s i ty that 
wi l l  involve high per sonnel costs to maintain a separate group of 
people who will d i spose and manipulate the product . 

We really bel ieve that the major way to go i s  inc i neration at a 
local level , par t icula r ly for those products that contain the organic 
car r iers ,  the aromatic hydrocarbOns , and so forth , in which we perform 
our sc intillation counts .  So we look to inc inerat ion or combustion as  
the way of the t u ture . 

DISCUSS ION 

RICHARD DISALVO ,  Rad iat ion Spec ialist , Johnston LabOrator ies : Dr . 
Davis , you didn ' t  ment ion the alternat ives for the uses of rad ioact ive 
mater ials : to use mater ials e ither under an exempt ion--1n othe r  words , 
exempt quantities of radioactive mater ials--or unde r a general license , 
which i s  author i zed by the regulations , for certain in vitro diag nost ic 
product s .  

Another area I would l i ke you to address i t  you could i s  that there 
ar e 2 6  states that are ag reement state s and therefore promulgate the i r  
own regulat ions separate f rom the NRC regulations . The c i ty of New 
Yor k also is an agreement c i ty and has its own separate regulations , so 
t hat in many instances it really doesn ' t  matter what the NRC does 
regarding waste d i sposal and licensing regulations . 

DAVIS :  Let me address the agreement state matter f i rst . Perhaps I 
sa id i t  too rapidly , bu t in  my introductory remarks I mentioned those 
activit ies under our j ur isdict ion , and that is my code word for those 
th ing s  that come under NRC l icens ing and not those th ing s  tha t come 
u nder agreement state l icensing . 

O f  course , in the agreement state program the NRC makes per iod ic 
determinations of compatibility of the state ' s  prog ram wi th the NRC ' s  
program .  Basically thi s  compatibi lity with regard to the regulatory 
requ irements has been that the states ' protective measures , the i r  
restr ict ive measures , must be compatible with those o f  the NRC . 
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However ,  for NRC regulations that might be viewed , as thi s  
particular aspect i s ,  a s  some relaxation , j udgment will have to be 

exerc i sed about compatibility .  The states are aware ot thi s ,  ot 
cour se , and I am sure will g ive some considerat ion to it in dec iding 
how they des i r e  to go.  

h ith regard to exempt quanti t ies , as I understand the requ irements ,  
wastes from exempt quantit ies are also exempt . I f  you use radioactive 
mate r ial under an exemption , that exemption i ncludes exempt ion to Par t  
20 i f  i t  s o  state s ,  and i t  it does so state , then the requirements o t  
Par t  2 0  for d i sposal would not apply and i t  could be d i sposed o f  i n  
normal waste channe l s .  

LAURISTON TAYLOR : I would l ike to make a br iet comment express1ng 
my appreciation to the Academy for the pr ivilege of being at thi s  
meeting today and enabl ing me t o  spend s ome  6 hours or s o  at the Foggy 
Bottom altitude as compared _ to where I have to spend most of my life , 
at 4 2 7  f eet , 6 inches , in Bethesda , where my radiat ion exposure levels 
are cons iderably h ighe r , i n  fact h igher than most of those we are 
talk ing about toaay . 

I would l i ke to have the panel return to the quest ion of 
inc ineration ; and I would like to hear some more about the problems 
a ssociated with bur ial at sea . 

Burial at sea i s  be ing done by a number ot countr ies under 
c ircumstances that are considered , as far as I am aware , to be 
reasonable . As t a r  as land bur ial , landf ill , there has been some 
d i scussion , but let ' s  bear in  mind that on the average in thi s  country , 
1 square mile of ear th 1 toot thick contains the following rad ioactive 
mater ial : 1 gram of rad ium , 7 tons ot uranium, and 14 tons of thor ium .  
I doubt it  you could put that much per square mile 1 foot thick i n  any 
land f i ll around . Actually I think , i f  I have done my a r i thme t ic 
correctly , i t  i s  2 million tons or something ot that sor t .  

There a r e  problems , and I think thl s  should be d1scussed a l ittle 
a lso. we have two k inds of bas ic poli t ical problems i n  this country : 
one i s  a national s i tuation , the other i s  a state situat ion . I t  seems 
to me that one of the big imped iments we have to the solution of thi s  
problem i s  bui lt around states • r ight s .  

Somewhere along the l i ne we have t o  make u p  our m ind as to whether 
we are going to have a country built up like a collect ion of Middle 
European states that all have the ir own laws and spend the rest of 
the ir  t ime squabbling with each other or whether we are going to have a 
country that survives in spite of the energy s i tuations that we have . 

I think these are all tied together , and , without asking a specif ic 
question , I would l i ke to hear some d i scuss ion ot where our waste 
problems lie outs ide of the technical area . 

LINDSEY : Well , perhaps I could address that . I don ' t th ink I am 
going to get into the states • r ights issue , however . Maybe i t  i s  more 
of a local i ssue . 

Regardless of the type of waste d i sposal fac i l i ty ,  we f ind in North 
Carolina , and I suspec t i t  is true i n  many othe r state s ,  that many ot 

our people will ag ree that we need these tacili ties , that we have got 
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to manage these wastes somehow . But the feeling is , •Don ' t  put i t  i n  

my backyard , put i t  somewhere else . •  Th is i s  the basic i ssue , whethe r 
i t  i s  a bu r ial s i te , an inc ineration facility ,  or some othe r type . 

What I th ink any s ta te faces , or the national government face s ,  i t  
we prefer to approach thi s  f rom a nationa l standpoint , i s  how indeed do 
we solve the problem of locating these f ac i l i t ies within communi t ies? 
They can be held up in  courts , as anyone who has dealt with location of 
f ac i l i t ies of this nature knows . It  i s  taking years , several year s , to 
locate these fac i l i t ie s ,  and then in many instances , even after 
spend ing l i terally m i ll ions of dollars , we have to back away and go 
somewhere else . 

We don ' t  have any answers to th i s  necessar i ly i n North caroli na . 
All I can tell you i s  what we are trying to do about it , which i s  one 
ot the reasons we have this task force on waste management . 

We believe that we must deal with the locationa l problem by gett i ng 
a number ot people across the state i nvolved , not j ust as individuals , 
althoug h ind ividuals are important , but also as representatives of 
o rgani zations , environmental g roups , county commissione r s , 
associations , munic ipal it ies--i . e . , people who are leader s  in many 
respects . As they we igh the benef its from research and industr ial 
act ivity assoc iated with these wastes aga inst the r isks associated with 
t he ir proper managment , we think we can develop with our people a set 
of procedures to follow to ensure equ itable and techn ically sound steps 
to take in locating fac i l i t ies , again with strong local par t ic ipat ion . 
Thi s  will be followed by whatever leg islative action i s  necessary to 
l eg i t imize the procedure . Then , i f  this procedure 1 s  followed in 
locating any fac il i ty ,  local oppos ition to the locat ion of that 
f ac i l i ty will be minimi zed . 

When I say procedure , let me g ive an analogy that I sometimes use 
to try to get across what I mean . Suppose those ot us on the panel 
dec ided that we ' re going to sit here and talk but that one of us must 
go after cof fee for all of us. We might draw straws to dec ide who has 
t he burden of going after the cof fee and br ing ing i t  back tor the rest 
of us . Th i s  means that someone must do something that all ot the res t  
o f  us a r e  going t o  enjoy ,  i . e . , that one person bears a bu rden that 
benef its all of us . Likewise , we believe that some procedures must be 
agreed upon ( j ust as we would agree upon drawing straws to dec ide who 
goes for the coffee ) as  to what i t  will take to locate a fac i l i ty 
w i th i n  a community .  

Along with the procedure , however , we believe that there i s  logic 
in  some sor t  of compensatory arrangement s .  After all , you are asking a 
community to take something that no one else wants , and whether there 
i s  any actual adver se ef fect on the community or not , there i s  at least 
a perceived aover se ef fect , e . g . , land values may go down or people �ay 
des i r e  extra monitor ing or health care to ensure that no adverse health 
e ffects result . 

I t  can be contended that there ought to be some compensatory 
arrangements . Compensation can be in the form ot a surcharge or a 
waste management tax upon the generators of the waste as i t  is  brought 
to the fac i l ity . (Back to the cof fee analogy , othe r member s  of the 
panel could agree to pay for the cof fee of the individual going after 
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i t . )  Funds gene rated can be used to offset the cost of ext r a  
moni tor ing ,  f i re protection , or other measures t o  ensure the health and 
satety of people in the community where the fac i l i ty is located . 

For example , there a r e  conce rns that peop�e have , and no matter how 
much we talk about i t , the re will still be some ot these concerns . We 
bel ieve that i t  may be advantageous for some communi t ies to th ink in 
terms of an add it iona l hea lth cente r r ight in  the i r  midst to monitor 
t he health of people i t  they are going to wor ry about the tac i�ity .  I t  

they a r e  worr ied about othe r aspects o t  the danger ,  they may think ot 
having an extra t i re station ,  or wha teve r other thing s  that the 
community wants tha t  wi ll be to the i r  advantage and will tend to offset 
the perce ived d i sadvantages of that fac i l i ty .  

These are examples o f  how we hope to proceed . We don ' t  know tor 
s u re whether they wil� wor k ,  but at least we do think it is  necessary 
to achieve much more signi f icant publ ic par t icipat ion at the local 
level in  what we are seeking to do , rathe r than dec ide ourselves 1n 
Raleigh what we want to do and then go out and try to sell somebody on 
l t .  

� e  th ink we must get the pa rtic ipation ot the people who are 
involved , lay out the facts , the cost s ,  the bene f i ts ,  and so on , and 
ask them to help us dec ide how to solve these waste problems . 

SHERMAN GEE, Naval Sur f ace Weapons Center : Dr . Davis , you have 
s ummar i zed a number of cur rent opt ions for d i sposal o f  rad ioactive 
waste s .  I wonder i f  there are add it ional options that are in the R& D 
s tage at this t ime that look promi sing . For example , I have heard that 
there are investigations going on into the use of ultraviolet r adiation 
t or r educ ing the r adioact ive contaminat ion . I wonder i f  you could say 
anything about some of these other techniques . 

DAVIS a I am a f r a id that I cannot deal wi th thOse in  detail . The 
NRC staff  tr ies to stay abreast of these new developments . somet ime s 
we get somewhat exc ited about them , and somet imes we do not . I imag ine 
in the nea r term , howeve r ,  that we wi ll examine the options that now 
exist w i th some mod i f icat ion : tor example , the one that I have heard 
the most comment about relates to extend ing the •de minimu s •  quant ity 
is the term used , although perhaps not qu i te properly .  I am sorry , I 
really can ' t  spea k to your question . 

BRINER a I th ink threading through the d i scuss ion tOday there has 
been some evidence ot a l ight at the end ot the tunnel , d im though i t  
may be . On the other hand , I don ' t  think there. i s  anyone in thi s  room 
who would be willing to swear that i t  i s  not a f r e ight train com�ng 
toward us at about 70 m i les per hour . Le t ' s  j ust say that there are 
some br igh t  signs on the hor izon . 

But f rom my own per spective , we are far f rom out of the soup . Dr . 
Nelp , and I was happy that he did it , ment ioned interstate compacts and 
the i r  poss i bi l i t ies in h i s  r emar ks . He also i nd icated that the 
ultimate fate of the Hanford s ite is still somewhat up in the air wit h  
r egard to other than biomed ical waste . 
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It  is  also clear to me that i n  the foreseeable t u ture the 
p robability of eve r  tak ing care of the total biomedical low-level 
rad ioactive waste problem without the use of some shallow land disposa l 
t ac i l i t ies i s  l i terally imposs ible . 

Now , the compact s i tuation that Dr . Nelp ment ioned br ings to mind 
something that I am not at all sure that everyone in this room qui te 
under stands . Everyone I have ever spoken with , every g roup in  the 
publ ic or pr ivate sector , says yes , compacts are t ine , we are all tor 
them . But when you get around to attempting to establish compact s  with 
exclus ionary powers--th is i s  to say that nonmember states ot  that 
compact are not welcome here--then you run into interstate commerce 
v iolat ions , federal laws of commerce that seem to contraindicate th1 s .  

In  the cur rent sess ion of Cong ress , the Senate passed a bill 
( S2189)  relat ing to interstate compact s .  At one t ime or another the re 

were several other bills in  the House that kind ot coalesced into two , 
w i th no passage i n  sight . 

My t i r st quest ion tor the panel is : Is 1 t  your consensus that 
per haps some encouragement might be provided to the Congress of the 
Uni ted States , perhaps by the Academy or perhaps by this Forum , to 
proceed with all possible dispatch to enact federal leg i slation that 
would legal i ze once and for all the establishment of r eg ional compacts 
for low-level rad ioactive waste with exclus ionary powers? 

NELP : My answer to your question i s  yes . I think that there are 
several routes to th i s .  Federal leg islation i s  one way , and i f  i t  wer e  
passed speed ily and proper ly I think that would be very usef u l .  

As you well know ,  the other route i s  through the gover nor s '  
a ssoc iations , in  wh ich the governors , getting back to states ' r ights 
concepts ,  at least feel that they have borne the maJor responsibility 
for th is s i tuation and , as a matter of fac t ,  they would l i ke to 
implement further change through the i r  own bodies . Per haps that wil l 
have to come to a blenaing of interests . 

�he other g roup i s  the Pres ident ' s  Radiation Pol icy council , 
wh ich--now you can see how the bureaucracy works--a lso has a 
subcommittee for thi s  type of act ivity , and who i s  preempting whom 
i sn ' t  qu i te clear . 

So yes , I think th i s  body and thi s  For um could ampl i fy the 
importance of getting the show on the road . And I might say that the 
i nitiative should have a complementary ettect in th i s  regard , that is , 
closing the s i te i n  the state of Wash ington , which i s  sor t of a 
p rovinc ial , states ' r ights act of def iance by some people but a very 
good thing by the major ity of people who voted the issue in . I think 
that will help at least focus on the i ssue , the need for 
reg ionalization . 

BRINER : I think the need for reg ionali zat ion also i s  emphas1 zed by 
the fact that there are now only three states i n  the country that have 
been handling the total low-level waste problems ot the nation for at 
least 15 years ,  per haps a little longe r with regard to one or two ot 
t hose s tates • 
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The quest ion I would l i ke t o  di rec t probably again to the whole 
panel is s imply th i s .  I s  i t  appropr iate o r  even desir able to seek a 
solution to the biomed ical low-leve l radioactive waste disposal problem 
to the exclus ion of low-level--and I emphasize low-level--rad ioactive 
waste producer s  who are outside the biomed ical umbrella in view of the 
overall economics of the s i tuation? 

ALBERTY : Who would like to respond to tha t ?  

HELP : I w i l l  respond ve ry br iefly . I think it  i s  very appropr ia te 
to show leadersh ip 1t you can , and if we can show leadership in a 
solut ion , even though i t  may be somewhat exclus ive and doesn • t  i nclude 
everyone , I would hope that through consideration , hopefully some 
act ion , we cou ld provide a mechani sm or pattern for othe r people to 
follow in response . so in that sense I think it is very appropr iate . 

BRI�ER : What i s  i t  going to do to the economics of our bu r ial or 
d i sposa l ot waste? 

NELP a Wel l ,  what I perceive will happen i s , for instance , i t  you 
take a low-level waste d i sPosal site like the Banford s ite in the State 
of Washing ton , which I am most t amiliar with , where much of the 
biomed ica l waste goes , if  we are effective in doing thing s  like 
combusting and inc inerat ing and careful management , I think that we can 
cut down ou r volume cons iderably and probably cut down the volume tha t 
i s  bur ied in that s i te f rom 30 percent of the total s i te volume maybe 
down to 5 percent or less . I think we are always going to have some . 

Economically I don • t  think combustion as an alternative i s  any more 
expensive than what we are currently doing . What will happen at the 
s i te if they lose not only the out-of-state bus iness but more of our 
biomed ical bus iness? To keep that site open it is going to cost more 
to bury the smaller amount that we have , I think . 

Now , maybe you have looked at this issue , Quent in . 

LINDSEY : We believe that we must cons ider the whole low-level 
radioactive waste picture . A s  I said ea rlie r , we have nuc lear powe r 
plants that generate low-level raa ioactive waste . �e have forms of 
low-level radioactive waste other than scinti llation vials and 
carcasses . 

As a state , we can • t  deal with j ust a par t  of the problem and tel l  
the othe r folks •go solve your own problem . • Second , the economics ot 
1t are such that for those low-level radioactive wastes that must be 
bur ied in a landf ill , the cost per unit of waste does decline until a 
rather large volume per year i s  reached . Bence , there are economies ot 
scale . 

I t  my under standing of the economics of the ope rat ion of the 
Barnwell , South Carol ina ,  fac i l i ty are cor rect , they are concerned also 
w i th the economics of the s i tuat ion . I t  they restr ict the d i sposal ot 
rad ioactive waste at Barnwell just to what South Ca rolina generates , 
t he i r  problem i s  s imilar to what has been d iscussed before with respect 
to Banford : the costs become astronomically hig h .  On the other hand , 
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they don ' t  want to become the d i sposal fac i lity for the whole country , 
o r  even halt of the country . 

So I th ink we must add ress the problem comprehensively , both the 
var ious types of waste and the geog raph ic locat ion of these fac i litie s 
through compact--and we are very much interested in the compact 
ar rangement--so that we have located across the country adequate 
fac i l i ties within reasonable distance . 

I would also add only parenthet ically that we think consideration 
ot r eg ional fac i lit ies in the hazardous tox ic waste area as well is 
something that we have got to cons ider more ser iously than we have up 
to this point , for essentially the same reason . 

JAMES SMITH , Director of Nuclear Med ic ine Service , Veterans 
Administration : I would l i ke to take up the question about the ocean ic 
di sposal ot radioact ive waste . There was a conference on thi s  in 
Washing ton recently . I t  has been hoped that t rom 1990  onwards the 
ocean might become the repository for radioact ive wastes . There are 
certain att ractive features to th i s .  The red clay that torms pa r t  ot 
the abyssal shelf is h ighly suitable because red clay tends to heal 
t ractures that might occur f rom earth tremors , and even the crystall ine 
matr ix of red clay may trap any radioactive mater ials that would escape 
t rom the canisters that are sunk i nto i t .  

I t  ha s been suggested that such canisters be sunk s o  t� l O O  mete r s  
be low the clay surface , e ither by proj ecting them a s  darts o r  by 
digg ing trenches and burying them . I t  sounds very attractive except 
that the London Dumping Conference in 197� torbade the d i sposal of all 
rad ioactive mater ials even into ter r i tor ial wate r s , to say nothing ot 
i nte rnational waters , and Scandinavia has recently come out against the 
bur ial of all radioactive mater ials in the sea . 

Now , the London Dumping Conference ot 1975 d id not forbid the 
oceanic di sposal of low-level r adioactive wastes , but f rom everything 
we know about low-level radioact ive waste and othe r methods of 
disposit ion , it  would seem extraordinar i ly expensive to pursue the 
oceanic d i sposal for low-level radioact ive wastes only . 

Both Br i tain and the Uni ted States are very eager to have the 
s tipulations of the London Dumping Conterence amended , but it seems 
highly unli kely that they will be able to do so . In th1 s  problem as i n 
all others ,  the international lawyers will prot it more f rom thi s  than 
anybody else . 

UNIDENTIFIED : So tar today I haven ' t  heard one alternative that I 
think really should be mentioned about what we can do at the present 
t ime . I have not heard anyone talk about the possibility of inter im 
emergency storage sites for waste . It we have another shutdown , 1 t  
Washing ton State shuts down and Nevada gets involved i n  one o f  these 
poli t ical s i tuations and they shut down , we are going to badly need , I 
t hink , i n  this count ry a place tor each state to take care of some ot 
its own local waste to cove r us unti l  we can get some of these othe r 
things resolved . 

I don ' t  know how the rest of the panel feels about i t ,  but I thlnk 
thi s i s  someth1ng the states shou ld be asked to do . 
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COOPER : We have been ve ry concerned about this . Biomed ica l 
r esearch would j ust come to a halt , but in the medical area that would 
be absolutely impossible . We must f ind , we must have avai lable ways to 
d ispose ot whatever we have to di spose of in thi s  route , and I hope we 
can continue to look and reduce the number of thing s  we have to d i spose 
ot in this way . 

But we certainly will need a standby somewhere unless we are go1ng 
to shut down a considerable amount of the activity of our hospitals and 
ot the research laborator ies . 

M IGNON c .  SMI Th ,  Alanet News : Does anyone on the panel know i f  the 
Hanford site was a hazard to Congressman Mike McCormack ,  who was j ust 
defeated? And do you have any spec i f ic suggestions , even more so than 
you have been naming , on how elected off icials should deal with th i s  
problem? 

NELP 1 Mike McCormack was a cong ressman , a Democ rat who was not 
reelected . Mike also happens to be a very competent scientist who ha s 
a background i n  radiation , radiochemi stry , and rad iophysics , so he was 
a very under standing representative ot that group . 

I would really hesitate to comment on your quest ion in the 
political sense . Was h i s  advocacy in relationsh ip to or his  
understanding of nuclear matters instrumental in not be ing reelected? 
I would say that moat of the people in  h i s  d i str ict are very 
u nderstanding . I was at Washing ton State University recently and was 
talking about some of these issues with students .  One sa id , •non • t  
worry about me , Dr . Nelp ; I ' m f rom the Tr i-Cltiea area , the Hanford 
area , and I ' m pro-nuke . •  What that means is that the people there have 
g rown up understand ing more of the realistic aspects of these thing s . 

You had a second par t  to the question : How do elected off ic ials 
deal with this? Ve ry carefully .  

I think Dr . Yalow w i ll remember that a t  the congress ional hear ing s  
w e  discussed a l l  the i ssues that we have discussed today i n  some form , 
and f inally it  came down to what i s  the main i ssue regard ing the 
problema that we face in iaplementing reg ionali zation in waste 
d isposal? I think there wasn ' t  a person , pol itical or sc ient i f ic ,  1 n  
that room who d id not ag ree that these a r e  largely political i ssues , o r  
exclusively political issues as opposed to health i ssues at the present 

- ttme . 
So tor me to adv1 ae how politicians would deal with i t ,  I do mean 

in a sense very carefully , but I think more openly , and I think we i n  
t he scient i f ic f ield have t o  push ourselves into the political arena a s  
be a t  we can t o  try t o  implement understanding and potent ial cour ses o t  
action . . . 

EDWARD L .  GERSBEY , Rockefeller University a  I have two seta of 
questions . I would like to di rect the f irst to Dr . Davia . I would 
l ike to point out that I clearly see the relevance of Dr . DiSalvo and 
Dr . Taylor ' s  comments that small research institut ions will not reap 
t he f ull benef i ts of the NRC-proposed rule change unless , of course , 
the states and c i ties 1n wh ich they are located comply . 
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The quest ion i s : Advocated by the NRC in the background 
d esc r iption i s  a very strong case for local inc ineration , and I 
wondered what limits would you concur with being inc inerated locally ,  
for one J and two , what about aqueous solut ions that are radioactive 
that would exceed the 5-cur ie-per-year , perhaps an extra , say , second 
5 -cur ie amount , which would not be permissible to put down sewers? 

DAVIS : How about g iving them to me one at a time . What was the 
t i rst one , again? 

HERSHEY : I j ust wondered about inc inerat ion . I t  i s  advocated by 
the NRC as a method o f  on-site ,  for example , removal of low radioactive 
waste . How much can be inc inerated? 

DAVIS :  We have a guide that we send out to people who are thinking 
a bout apply ing for approval for incineration . Basically the limits are 
based on the release of gaseous effluent , and those limits are 
spec i f ied in the regulations . That i s  one ot the cons iderations when 
we examine or evaluate an inc inerator for approval .  

I might add here that of those inc inerators that have been 
approved , there may be an inc ine rator that is running exclusively for 
r ad ioactive waste , but I don • t  recall one . Gene rally they are 
incinerators that are used for other purposes that are also approved 
for the inc ineration of radioactive mate r ial . 

GERSHBY : There is a strong reticence , though ,  on the part of New 
Yor k  S tate , or in par ticular New Yor k  City ,  to grant permission for 
inc i neration even though the panel establ ished that , if all of the 
wastes from the biomedical community were inc inerated , it  probably 
would be within the guide lines that you refer red to . 

DAVIS :  I t  you are asking what would the NRC do with New Yor k  
C i ty--i s  th1s the que stion? 

GERSHEY : Well , i t  would be awfully n ice to hear your view on that 
question . 

DAVIS : Nothing . We have set up in our r egulat ions an option ot 
incineration , and the state , of course , can consider that option as 
t hey see f i t .  As I mentioned earlier , we look for the states to be 
compatible in those areas that place lower l imits . But i f  we take a 
r egulatory action that leads to something that appear s to be less 
restr ictive , then it is a matter of j udgment as to whether that is a 
compatibility matter or not . 

COOPER: I wou ld j ust l i ke to extend that question before he asks 
his second , if I could . It  isn ' t  quite clea r to me . Here we have a 
proposal in which cer tain sc intillation vials and an imal carcasses are 
exempt . Now , if they are exempt , 1s there a prohibition on any 
i ncineration ot those two i tems? 
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I mean the exemption sort of , I would say , i nd icates that there 1 s  

no toreseeable health hazard o r  anything . Can ' t  you j ust inc inerate 
those? I am leaving off OSHA and all the other problems we have got . 

DAVIS :  So leaving ot t all the othe r problems , i t  in tact the 
r egulation becomes e t t ective ,  then that mater ial , the sc int illation 
vials and the carcasses , under the cond itions expressed in the 
regulation can be treated as nonradioactive . In add i t ion , there is a 
portion of the reg u lations that pe rmits par ticular approva l ot 
i nc ineration tor othe r purposes . 

COOP�R : This could be car r ied out 1n a regular incinerator i t  you 
get by OSHA and all the other problems that plague us . But as ide f rom 
that , as tar as the commi ssion goes those are nonradioactive waste s ,  so 
to speak , and there are no l imi t s .  

LINDS�� = I ' m think ing primar ily about the Resource Conservation 
and Recovery Act requ irements in terms of how to proper ly dispose ot 
the chemical waste , toluene , contained in sc int illation v ials . Al so ,  
it  depends o n  how you incinerate . There a r e  types o f  furnaces that do 
not adequately incinerate , and you may f ind a i r  emiss ions or other 
types of emissions that will violate e i ther state or t ederal 
regulations in other areas . 

I n  other words , it  the waste is no longer controlled by NRC , then I 
think the standards of good envi ronmental management , plus the concerns 
o t  the local communi ty where you may locate fac i l i t ies , d ictate that 
you be very caut ious about how you incinerate or otherwise d i spose ot 
these i tems . 

COOPER: As I under stand i t ,  under this we are going to peel back 
one layer , but there are multiple layer s  undernea th that we have to 
conf ront to carry out ou r busine ss .  

GERSHEY : Dr . Davi s ,  do you have any suggestions o r  recommendat ions 
tor what one can do with aqueous l iqu ids , let ' s  say , conta ining t r i tium 
and carbon-1 4 that exceed the 5 cur ies that the proposal would make 
permissible to put down the sewer , say an additional 5 cur ies per 
year? What are the methods for local removal? 

DAVIS :  As a t i r st act ,  if  you were unde r  the NRC J U r isd ict ion , I 

would apply to the NRC and bu ild a case for perhaps some spec ial 
considerat ion for a larger annual quanti ty .  

GERSHEY : May I address the second set o t  questions to Mr . Broseus 
as a representative of a large generator ot low rad ioac tive waste . I t 
has been said that since much of our research i s  funded by the NIH and 
they take cred i t  tor inventions and products made thereof , perhaps we 
should send our waste back to the NIH.  

The question is : How i s  your waste distr i buted i n  percentage s ,  i n  

terms o f  dry wastes and l iquid wastes , and how do you actually deal 
with it in numbers locally? What percentage is incinerated , etc . ? 
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BROSEUS : I am sor ry I don ' t have ve ry exact number s  on what the 
actual volumes are going to our inc inerator . As I was preparing tor 
today , I looked more at  the volume reductions that one could realize . 
O t t  the top ot my head I would est imate that probably 5 0  percent or 
mo�e of our dry waste goes to the incine rator , some ot it immediately 
because it is very low-level stuft like benchtop cover s  and so on , 
othe r after storage for decay till i t  gets down to reasonable levels . 

GERSHEY : How do you handle your aqueous t luids , which I presume 
contain probably 9U or 9 9  percent of the rad ioactivity that you deal 
w i th? 

BROSEUS : Well , as an example , we get in about 70 cur ies per year ot 
t r i t i um .  I t  i s  our biggest sing le amount of r adioac tive mater ial . Bu t 
we have a tendency to see most of that activity coming in in large 
activity amounts and small volumes . The key to handling it is 
segregation , sol id i f ication , and shipping i t  tor bur ial r ight now . 

GERSHEY : Would the NIH welcome rece iving combustible items t rom 
u n i versity campuses where they support the research? would you be able 
to handle tha t? 

BROSEUS : That 1 s  not a question that I can make a pol icy statement 
on at my leve l ,  but I doubt that it would be a reasonable way to go . 

I might , whi le I have the f loor , go back to a question r a i sed by 
- Dr .  Taylor , we we re talking about incineration ear l ie r  and there was a 

question in  that area that I th ink deserves ampli f ication . He asked a 
question on what the imped iments are to implementing alternatives . 

The chief impediments I see tor i nc inerat ion are pr ima r i ly 
poli t ical . I f you have to install an inc inerator , you are going to 
have to deal wi th the local communi ty in gett ing an inc inerator going . 
The other pr imary problem r ight now i s  an operational one , and that 1 s  
decid ing what the inc inerator i s  to use and the method to burn or 
inc inerate your mate r ial s .  

Le t  us g o  back to d i sposal o f  l iquid sc intillation vial s .  There 
are two ways to burn the i r  contents . One is with a " bona t ide " 
i ncinerator that will meet RCRA regulations (whatever they are )  with 
respect to disposal of tox ic chemical wastes ; the other method is to 
f eed the l iquid into oil-t ired boiler s .  As I understand RCRA , in the 
case where one i s  dealing with certain organics , i f  these are used as 
f uels then they do not come under the RCRA regulations . However i t  one 
burns such mater ials in an incinerator , with heat recovery , the pr imary 
purpose of burning is not to use the mater ials as a tuel ; then RCRA 
regulations for hazardous mater ial disposal apply . These are two 
d i sposal alternatives that should be kept in mind .  I understand that 
there are two institutions that are crushing vials and feeding the 
l iqu id sc inti llation fluids into oil-t i red boilers now . 

DANIEL BRANNEGAN , Pf i zer , Inc . : I have j ust two questions for Dr . 
Davis . What happens now wi th the proposed rule that we all ag ree i s  so 
enl ightened? 
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DAVIS : TOday , I believe , is  the last day tor comments on tha t  
• wonderful• rule .  As t a r  a s  I know, the statt has not evaluated the 
comments , which will be screened and evaluated r then there will be a 
j udgment made as to whether i t  should be an eftect ive rule . 

As I mentioned , there is apparently a fai r  amount of optimism 
expressed by the people who generate biomedical waste tor this rule , 
but we should not assume that i t  i s  100 pe rcent guaranteed that i t  wil l 
be an effect ive rule . We still must go through the proces s .  

BRANNEGAN : You don • t have any prognosis? 

DAVIS :  No ,  I don ' t . I haven ' t  seen the comments . 

BRANNEGAN :  My second question may go all the way bac k to Leland 
Cooley . I have in m¥ notes that what we are talking about i s  6 to H or 
10 cur ies per year of waste , and there have been a couple ot f igures 
that j ust recently were pointed to 60 to 70 cur ies per year at one 
inst itution . 

Be lng a chemist by training , I wor ry about mate r ial balance and 
wonder if we are not worrying abou t  a very insignif icant port ion that 
has a larger underlying problem . In fac t ,  do we use 1 0  c u r ies per year 
and is our mater ial balance 10 that we have to worry about disposing 
of , or am I correct that i t  i s  s ignif icantly more than 10 , and a lot of 
it is going away somewhere that I haven ' t  heard yet? 

YALOW : It is the d i t terence between scintillat ion vials that they 
were talk ing about and the concentrated mater ials that Broseus was 
talking about that i s  d i sposed , e ither where pe rmitted through the 
sanitary sewage , if it  is water soluble , or impacted and sent to 
d isposal s i tes . Th is is where the d i t ferences in the numbers are 
coming f rom . 

In othe r  words , there are d i t ferent types of mate r ial you have to 
get r id of . The scintillation vials have , g ive or take , abou t  10 
cur ies of t r itium and 1 curie of car bon . But there i s  much more in the 
way of carbon and t r i ti um that come into these institutions . A certain 
amount of this , up to what will be the 5-curie level for tritium and 
the 1-cu r i e  level for carbon , can be disposed of in each institution 
through the sani tary sewage , accordi ng to cer tain regulat ions that are 
being JDe t .  

Then in addi tion there are very h igh levels that may come into some 
inst itutions ,  a fraction of which i s  used and the rest i s  compacted and 
otherwise insolubil i zed and returned to bur ial s i tes , and that accounts 
for the d i f ferences that people are talking about . 

I think we have gotten into this bind because we have accepted 
irr ational regulations as long as they did not cost us ve ry much . Whe n  
w e  accepted these i r rational regulations , the un informed amo ng  u s  
thought that they wer e  rational and therefore developed-- ! think the 
TMI word i s--a mindset that these levels we re in tact dangerou s .  

I would like Dr . Davis t o  comment o n  some of these regulations tha t 
I would consider i r rational . For instance , unt i l  now there bas been a 
1-cur i e  l imi t pe r  inst itut ion for disposal ot radioact ive mater ials . 
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Thi s  i s  1 cur ie whethe r i t  is  a small , local hosp i tal , the NIH , o r  
Ha rvard . There i s  no d i s t inct ion made between inst itutions with 
respect to th i s  a i sposal . I wonder what the rat ionale i s  tor that . 

The second rat ionale I would l i ke to examine i s  the t act that i t  I 
were i n  the cancer Insti tute treating one patient with thyroid cance r a 
month receiving 100 mi llicur ies of rad ioactive iodine , the intake ot 
these patients would be 1 , 20 0  millicur ies . They are l i kely to put ou t 
a cur ie of iod ine-131 in the i r  u r ine , which they can d ispose ot into 
any toilet in that insti tution without any recordkeeping J whereas i f  I 

were to collect this in my laboratory to measure i t  and determine what 
i s  being excreted , I would not then be permi tted to d i spose ot i t .  

I could go on and c i te other such regulations that we have accepted 
wi llingly ove r the yea r s  that have created the mindset that these 
t hing s  are dangerous , and I would l i ke to ask it there is anybody 
within the NRC or any agency that attempts to develop a sc ienti f ically 
sound approach to d i sposal of radioisotopes? 

DAVIS : I d i slike be i ng called ir rational , but basically , as I am 
s ure you are aware , the regulat ions try to span a whole nation of use , 
so consequently they are not generally patterned by the amount ot 
mater ial a particular institut ion happens to get or compared with 
anothe r inst itut ion . So consequently they t i lt toward conservatism . 

We always have had in our r egulations the opportuni ty tor 
inst itut ions that bel ieve they deserve a special cons ideration to apply 
t or that special cons iderat ion , and we hope that we have dealt 
nationally with these appl ications--which , by the way , are not too 
many . In other words , moat insti tut ions accept what the regulations 
say . But we hope that we deal with the spec ia l appl ications in a moa t 
r at ional method . 

W i th regard to other problema in thi s  particula r area , Par t  20 , 
which i s  the regulation that we mostly live under , i s  old . I believe 
early this year we announced in the Federal Reg i ster that we would be 
reviewing Par t  2 0 ,  and now we are in the process of doing so . I would 
welcome your very rat ional comments on Part 2 0 .  

P .  KYO PARK , Ocean Dumping Program , Nat ional Oceanic and 
Atmospher ic Administration : Five months ago I d id go to a dumpsi te 
off-i sland where radioactive wastes are ocean-dumped . I saw one Dutc h 
s hip coming by and throwing about 100 can isters overboard . Th is year ' s  
estimate i s  that about 5 5 , 000 cu r ies of those caniste r s  will be dumped 
o f f-island . I t  i s  about 400 miles off shore f rom the island . 

I f  one canister i s  $10 0 f rom New Yor k  to Banford , the break-even 
for a dump ship i s  about $200 , 0 00 f rom shore to , le t ' s  say , th i s  
nuclear energy agency dumpa ite . This means 2 , 0 0 0  caniste r s . Probably 
this k ind of rationale is used for the dumping of rad ioactive wastes in 
Europe . So even f rom the United States thi s  is economically feasible 
baaed on what the present pract ice i s .  

Now , be ing a n  oceanographer , I am concerned . Let ' s  say that you 
d ump , out of sight , out of mind , and it is 5 k i lometers deep , 2 to 3 
miles deep , and we know very l i ttle of the basic ecosystem . S ince we 
a re the center ot the universe , we are only going to worry about those 
doses cOming to u s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Le t ' s  say that the 1 mi lligram could be the min imum conce ntration 
t hat we could receive . Then we have to study the dosimetry of the 
deep-sea ecosystem and then i ts route to come back to us . Those two 
a re ve ry d i f f icult task s .  

Several months ago I advocated a t  Georgetown Univer s i ty Law School 
that thinking all of those things is great , but let ' s  start to design a 
6 , 0 00-meter submersible so we have a way to go af te r  establishing a 
sc ientit ic basis . There I was told that it  takes 5 years to design one 
submersible . But even though the dumping is going on , I believe we 
should try , and I am sti ll advocating that we should keep improving ou r 
i nstrumentation , including a submers ible , so that we may be able to 
study more intelligently when the bottom ot the ocean is used as a 
dumpsi te .  

And i t  you ask me whether or not I advocate the dumping , I decline 
to comment ; but since I am work ing for the ocean dumping prog ram for 
t he u . s .  Cong ress , I would l i ke to state that I have to establish as 
much sc ienti f ic bas is as I can . My budget g ives about $3 million a 
year , but this encompasses all the waste , including sewage sludge . so 
I have budgeted virtually nothing for radioact ive waste at present . 

ARTHOR J .  SOLARI , University of Michigan : Thi s  question i s  tor Dr . 
Davis of the NRC .  You asked for a log ica l basis , perhaps , tor the 
r egulat ions and the l i ke .  There have been several artic les on the cost 
of saving a life in var ious f ields of endeavor from radiation safety , 
automobi le safety , f l ight safety , and what have you . I t  has an appeal 
in the sense that it becomes now a mechanical j udgment : that is , Where 
do you save the most l ives for your dollar? And there is no sort ot 
value j udgment at all except that , you know ,  the l i fe of a professor 
has the same worth as the l i fe of a minor ity individual or the l ite ot 
a child ,  and so torth . 

So i t  seems to me that the one way 
approach to your regulat ions is to see 
money that you force people to spend . 
tak ing an approach like tha t ,  not only 
essentially for all the bureaucrac ies , 

you can get a more log ical 
how much do you get for the 
I would l i ke your comments on 
j ust for the NRC ,  but 
both large and small . 

DAVIS :  I don ' t  di sag ree that in the area of radiation safety we 
perhaps ope rate fur ther out in the marg in than in many areas of 
safety . What you suggest does have , I guess , the r ing ot 
understandabi l i ty so that it could be expla ined . However , at the NRC 
we see ourselves bas ically as the advocate of all the people concerning 
r ad iation safety , •nd I am not certain that many of our consti tuency , 
i f  we had one , would be interested in seeing a dollar value placed on 
r adiation protection matte r s .  

We try to look not at any one sing le aspect o f  radiat ion protection 
but exercise a profess ional and hopefully rat ional j udgment on 
r ad iation protection . 

ALBERTY : I th ink I want to now br ing thi s  session to a close . I t  
is not the obj ective of a n  Academy Forum t o  reach conclus ions , but the 
c hai rman does have an opportunity to make a couple of summary remark s ,  
so I would like to make a couple o t  very personal observations . 
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I think we are dealing here wi th a kind ot waste that is ve ry larg e  
i n  magn itude ,  some b i llion cubic feet per year . I t  is  a volume of 
waste that has been g rowing rapidly . Someone estimates it has grown 
over 60 percent since 197 5 .  And i t  is  a waste t rom a n  area o f  research 
that is produc ing ve ry important pract ical applications at the present 
t ime and holds a tremendous potent ial for the advance of medicine in 
the f u ture . 

I am sor ry we d idn ' t  have more oppor tun i ty to talk about this 
because radiocarbon , t r i t ium, iodine , and other i sotopes are being used 
and are a necessary par t ot the way in which b iolog ical sc iences are 
making the i r  advances at  the present time. 

When we beg in to d i scuss the potential hazards , we run into a very 
ser ious problem in  trying to talk about them because of the huge range 
ot magnitudes of r ad ioactivity . I am really sympathetic with our 
Amer ican Indian colleag ue who says there are problems of language , 
because I think there are problems of language even in Eng l i sh .  

To emphas i ze thi s  I want to quote from an editor ial i n  Sc ience 
magazine : "Rad ioactivity continues to present tormidable barr iers to 
the understand ing of the subject . I t  i s  not unusual tor the 
d iscuss ions of waste d i spo$al to involve units as small as picocur ies 
and as large as hundreds of megacur ies . Thi s  i s  a range of 2 0  orde r s  
o t  magnitude , a spread of values totally without precedent so f a r  as 
the publ ic and so far as most scientists are concerned . Members of the 
public and t he i r  elected off ic ials may not understand the enormous 
dif ference between picocur ies and megacur ies . " 

Let me j ust say that as a chemist I have had the problem ot trying 
to help students under stand how big Avogadro • s  number i s ,  6 x lo2 l , 
and I won ' t  g ive some of those lectures to you . But I j ust want to 
make the point that when you have that kind of a range , there are 
really quali tat ive d i t terences that are extremely d i f f icult to 
comprehend . 1 

With r espect to the options for the future , I see the need for lots 
of wor k on the part of many of u s .  O f  the methods for disposal that we 
have talked about , with respect to disposal in the sewer there are 
cer tainly opportuni ties for disposal of thing s  by d i lut ing them beyond 
t he point where they can be of any conceivable harm to anybody , and I 

dOn • t  think we have taken full advantage ot tha t .  
With respect to bur ial , I think there are very distinct l imits a s  

to what we can expect to bury. We cannot continue t o  take u p  more and 
more land for s imply burying thing s .  There are pe rhaps some thing s  we 
can • t  t ind other solut ions to , so bur ial will have to be used for a 
method of d i sposa l .  But i t  certainly should not be thought ot as 
almost the only method , which is the way we have been operating . 

We do need more s i tes , and we need better distr ibuted s ites. 
Cer tainly trucking all ot this mate r ial across the country has its own 
d isadvantages , which we have not had an opportun ity to talk about . I 
think there has been an emphas i s  today on the development of short-te rm 
s torage or emergency s torage . Laborator ies are not good places to 
store things ; unive r s i t ies and hospitals are not good place s to stor e 
t hing s  l i ke this ; but storage itself has some uses . 
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W i th respect t o  inc inerat ion , it ha s really not been used ver y  
much , b u t  i t  certainly seems t o  b e  a promising method . The analog ies 
to burning wood , I think , were very well taken . The quantities of 
r adioactivi ty involved in the two things are really not very d i t teren t .  

I think we have some promising new proposals for amendments in 
regulations . Certainly below some point it is not worth consider ing 
cer tain types of i sotopes a s  a hazard to health and they certainly can 
be exempted below some levels f rom very expens ive regula t ions . 

I have learned a lot today . I hope you have learned some new 
t hings today , no matter how exper ienced you have been in th is f ield .  I 
hope that we can f ind othe r methods of interacting with the public , a s  
w e  hope we have done today , there i s  certainly much more t o  do . 
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