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n December 1993, U.S. Secretary of Energy Hazel R. O'Leary announced her Openness Initiative. As part of this initiative, the Department of Energy undertook an effort to identify and catalog historical documents on radiation experiments that had used human subjects. The Office of Human Radiation Experiments coordinated the Department's search for records about these experiments. An enormous volume of historical records has been located. Many of these records were disorganized; often poorly cataloged, if at all; and scattered across the country in holding areas, archives, and records centers. 

The Department has produced a roadmap to the large universe of pertinent information: Human Radiation Experiments: The Department of Energy Roadmap to the Story and the Records (DOE/EH-0445, February 1995). The collected documents are also accessible through the Internet World Wide Web under http://www.hss.energy.gov/healthsafety/ohre. The passage of time, the state of existing records, and the fact that some decision making processes were never documented in written form, caused the Department to consider other means to supplement the documentary record. 

In September 1994, the Office of Human Radiation Experiments, in collaboration with Lawrence Berkeley Laboratory, began an oral history project to fulfill this goal. The project involved interviewing researchers and others with firsthand knowledge of either the human radiation experimentation that occurred during the Cold War or the institutional context in which such experimentation took place. The purpose of this project was to enrich the documentary record, provide missing information, and allow the researchers an opportunity to provide their perspective. 

Thirty audiotaped interviews were conducted from September 1994 through January 1995. Interviewees were permitted to review the transcripts of their oral histories. Their comments were incorporated into the final version of the transcript if those comments supplemented, clarified, or corrected the contents of the interviews. 

The Department of Energy is grateful to the scientists and researchers who agreed to participate in this project, many of whom were pioneers in the development of nuclear medicine. 

DISCLAIMER

The opinions expressed by the interviewee are his own and do not necessarily reflect those of the U.S. Department of Energy. The Department neither endorses nor disagrees with such views. Moreover, the Department of Energy makes no representations as to the accuracy or completeness of the information provided by the interviewee. 

ORAL HISTORY OF HEALTH PHYSICIST KARL Z. MORGAN, Ph.D.

Karl Z. Morgan was selected for this oral history project because of his research for the Manhattan Project at the Metallurgical Laboratory in Chicago, and his work at the Oak Ridge National Laboratory (ORNL) in Oak Ridge, Tennessee. The oral history covers Dr. Morgan's work as a pioneer in the field of health physics, his health physics research at the Oak Ridge National Laboratory, and his work since he retired from ORNL.
SHORT BIOGRAPHY
Dr. Morgan was born in Enochsville, North Carolina on September 27, 1907. He attended Lenoir-Rhyne College (Hickory, North Carolina), received B.S. and M.S. degrees (in Physics and Mathematics) in 1929 and 1930, respectively, from the University of North Carolina, and received his Ph.D. (Cosmic Radiation) in 1934 from Duke University (Durham, North Carolina). He is married and has four grown children.

Dr. Morgan began his career as a physics professor at Lenoir-Rhyne College (1934–1943), where he focused his work on cosmic ray research. In 1943, Dr. Morgan moved to Chicago to become a senior scientist in health physics for the Manhattan Engineer District. The following year, Dr. Morgan went to the newly formed Oak Ridge National Laboratory (formerly Clinton Laboratories) in Oak Ridge, Tennessee, where he served as Director of Health Physics from 1944 to 1972.

Since joining ORNL, Dr. Morgan has also held the following positions:

· 1945 to '71—Member, International Commission on Radiological Protection (ICRP) 

· 1955 to '78—Member, National Council on Radiation Protection (NCRP) 

· 1955 to '78—Editor-in-Chief, Health Physics Journal 

· 1960 to '72—Adjunct Professor of Health Physics, Vanderbilt University 

· 1972 to '83—Professor of Health Physics, Georgia Institute of Technology 

· 1983 to '86—Visiting Professor of Health Physics, Appalachian State University (Boone, North Carolina). 

Dr. Morgan has published many times on health physics, addressing such topics as the maximum permissible occupational dose of specific isotopes. In addition, Dr. Morgan has researched and published numerous articles dealing with nuclear worker safety issues.

	College and Graduate School in North Carolina; Unintentionally Joining the Manhattan Project in Chicago in 1943

	CAPUTO:
	Today is January 7, 1995. My name is Marisa Caputo and I'm here with Michael Yuffee. We are from the Department of Energy's Office of Human Radiation Experiments. We're here today in Indian Springs, Florida, to interview Dr. Karl Morgan about his knowledge of Cold War human radiation experimentation. Dr. Morgan, I was hoping that we could start with where you were born and the year you were born, and then maybe get into your educational background.

	MORGAN:
	I am Karl Ziegler Morgan. I was born in a small village—Enochsville, North Carolina, not far from Charlotte—on September 27, 1907. I spent a good portion of my early life in Raleigh, the later portion in Salisbury, North Carolina. I spent the first two years of college at a small college, Lenoir-Rhyne, in Hickory [North Carolina]. I then went to the University of North Carolina, where I received my B.S. and M.S. in Physics and Mathematics.

I worked about a year with Westinghouse in Philadelphia in 1930. Then I received a fellowship at Duke University, where I received my doctorate in 1934. My major research project there was the study of cosmic radiation. 1 Following my receipt of the Ph.D. degree—this during the Depression—I became chairman of the Physics Department at Lenoir-Rhyne College in Hickory.

While teaching, I did cosmic ray research for about eight years. Research in caverns way underground and high mountains, Mt. Mitchell, Mt. Evans in Colorado, etc.

	YUFFEE:
	Well, after your tenure with Lenoir-Rhyne, you went to the University of Chicago and joined the MED?2

	MORGAN:
	While doing research at Lenoir-Rhyne, with Drs. [Walter] Nielsen and others there, one of the research projects was in Dr. [Arthur] Compton's3 laboratory on top of Mt. Evans [in Colorado]. During the summer I was there, I met Dr. [Jason] Sterns, chairman of the Physics Department at the University of Denver, and by accident, I casually mentioned my desire to find a job out West because I was fond of the mountains. Dr. Sterns was excited, and he said he'd always wanted to come East. So we then planned to change our positions. He was going to take my chairmanship at Lenoir-Rhyne and I was to take his in Denver. We exchanged a rather intensive correspondence, and then suddenly, during the winter of [early] 1943, the correspondence ceased. I heard nothing more from him. I assumed he had lost interest in moving East for some unknown reason.

Then suddenly I had phone calls from Sterns, Compton, and others in Chicago, urging me to come to Chicago because there was an extremely exciting program there that related to my cosmic ray research. For example, I was the only person in the [Southeast] part of the U.S. that had ever built and used cosmic ray [detecting] circuits. That was one of the principal instruments that was to be used in measuring the ionizing radiation.4

Well, I was still peeved with Sterns for not having answered my correspondence. After a few weeks and discussion with [Walter Nielsen and] Lother Nordheim, the theoretical physicist I was working with at Duke, [I made up my mind]. Incidentally, we [(Nordheim, Nielsen, and I)] helped to identify and discover the third particle of matter, the meson.

Nielsen said, "Well, maybe Dr. Compton and Sterns and others are trying to obtain energy from the atom, and maybe they could use that for a weapon." Well, eventually my curiosity got the best of me, and I found myself on the train going to Chicago. People did not go by plane in that period.

	

	Chosen for the New Field of Health Physics (1943)

	MORGAN:
	After my preliminary clearance, I walked into Compton's office, and Dr. Sterns and others were there. Sterns said, "Well, Karl, you'll be in the Health Physics Group." I was very much shocked and started toward the door. I said, "This is a terrible mistake: I've never even heard of health physics." Sterns said, "Hold on, Karl, we'd never heard of it ourselves till a few weeks ago. We have a very difficult problem: We are going to have intense sources of radiation and we believe that it's a problem of physics, primarily, to protect people from this radiation. So we are forming a small group under Dr. E.O. Wollan."

So I calmed down. Dr. Robert [S.] Stone was there; he was the Associate Director for Health under Arthur Compton. Bob said that they were determined, he and Arthur, to do this work safely. He reminded me that the radium dial painters had suffered [serious] consequences with radium. [He said] that [if] they were able to gather together all the radium in the world from physics labs and hospitals—at that time, it would be about two pounds; say, the size of a golf ball. Radium is quite dense, atomic number 226. They were going to build piles (instead of reactors). They called them piles, piles of graphite [and] uranium, primarily in those days, in which the intensity of ionizing radiation would not be equivalent to all of the available radium in the world [(two pounds)], but millions of billions times higher. They were going to surround these monsters with thick concrete, six feet or more, to protect people on the outside, and he and Dr. Compton were determined to do this work safely.

	YUFFEE:
	Had they already told you, at this point, about [Enrico] Fermi and his reactor?

	MORGAN:
	Well, no, I did not know about the Fermi reactor under the athletic stands5 during my first few weeks in Chicago, until my preliminary clearance was completed. Bob Stone went on to emphasize that [Otto] Hahn, [Fritz] Strassmann, [Lise] Meitner, and others in Germany were the first to discover the fission of uranium. [These Germans] had carried on some rather extensive studies, and the Chicago group was confident that Hitler and his associates were hellbent on developing a nuclear weapon, and that we were far behind. Stone and Compton were determined to catch up, if possible; but at the same time, to do the work safe from exposure to radiation.

	

	Determining Safe Doses for Ionizing Radiation at Chicago (1943)

	YUFFEE:
	How did you go about determining what exposure would be safe during your year6 with the MED in Chicago?

	MORGAN:
	Well, I don't know whether we ever determined that it was safe. [I try to address this question in The Angry Genie, a book I'm writing]. We determined what we considered acceptable. During the first months of my stay in Chicago, there were five of us: E.O. Wollan, the head of the group; Herbert Parker, an Englishman who had been working with Simeon Cantrill in Seattle; Carl Gamertsfelder, 7 a young doctoral student from Washington University [in St. Louis]; myself; and a little later, Jim Hart, a DuPont chemist. There were others that joined the group for short periods of time, but these five were the ones that lasted at least until we got to Oak Ridge [Clinton Laboratory, Oak Ridge, Tennessee].

Well, how did we determine the [nature of our] problem? We read intensively all the literature related to radiation exposure and consequences. When I say "ionizing radiation," I mean primarily that above about 15 electron-volts. 8 As you know, visible light is on the order of one to three or four electron-volts, and here we were at a level of 15 electron-volts or more, sufficient to ionize, or pull or push electrons out of the atom and produce ion pairs. Our study was to find the effects of this ionizing radiation on man and his environment.

There wasn't much in the literature that was helpful. All we found, essentially, might be listed under the meager information on the speculation that radium dial painters had a higher instance of cancer than would normally be expected. [It resulted from] tipping of the brushes [with their lips], pointing of the brushes they dipped in radium paste when they painted the dials of watches.

The other [main source of information] was a fair amount of data—a few scores of papers—that related to skin erythema.9 The most common unit of ionizing radiation at that time was the erythema dose. Most of the literature was in the medical journals, relating to the problems that dentists and radiologists, primarily, had had when their hands became red and painful, and it was considered to be the same as [the "sunburn"] you get from extensive ultraviolet [radiation] exposure. So, the first period at Chicago was spent in trying to determine what levels would be acceptable for workers and for the public, and in the development of instruments that could be worn on the person of the worker, and that could be carried by surveyors and could be displayed in the environment and working areas.

We had to find out the risks of beta10 and electron radiation relative to x radiation. We had no data on gamma radiation.11 We supposed it would be similar to the equivalent energy of x rays and we had a little information, as I indicated, on alpha [radiation,]12 which was, of course the radium dial studies. We had absolutely no information on the effects of neutrons—fast epithermal or thermal neutrons.

So this was a horrendous task, to try to read all that was available. We attended numerous seminars. We gave some and we listened to many, from others in various departments in the university and those that were working on the Manhattan Project—that was a code name used at the time for our work under Compton.

	

	Developing New Dosimetry Instrumentation

	MORGAN:
	Dr. Wollan spent most of his time developing fiber dosimeters. They're small electrometers with a fiber that moves across the scale proportional to the dose administered to the instrument.

Hart, Parker, and Gamerstfelder spent a good bit of their time on "pencil dosimeters." They are small electrical condensers, air condensers. In physics units [they had a compacity] of one to two [cubic] centimeters.

I spent a major part of my time, in addition to learning what the radiation health problems were, in studying neutron exposure and development of instruments to measure neutron dose.

Dr. Gamerstfelder and I, along with some help from Parker, developed what we called a "chang and eng." [This instrument consisted of] two small cylinders; one was filled with nonhydrogenous13 gas, like argon, and the other with gas like hydrogen or methane [(CH4)]. As you know, neutrons don't produce ionization along their path because they have no charge, and their only ability to cause ionization is when they strike one of the nuclear components—that is, a proton or a neutron or a collection of nuclear particles.

So, with two chambers—one filled with gas containing hydrogen, the other with no hydrogen—and having them under pressure to give a large cross-section, we measured the differential output of these two chambers. I could measure [accurately] the neutron contribution from fast neutrons. Now, these chambers were very effective and very quantitative in their evaluation, so I used them later in some experiments in Oak Ridge.

Well, we developed many other instruments. I was a principal advocate for the use of Geiger counters.14 No one [except a handful of cosmic ray physicists] had ever heard of them before. I later regretted having introduced them without sufficiently warning about their shortcomings. As you may know, in high, intense radiation, the pulses come too close together [and can't be resolved, so the counter reads zero]. [In spite of this], they were, and still are, one of the most, if not the most, commonly used and useful instrument in measuring ionizing radiation, since they are more sensitive than most other devices used [and extremely simple in their operation].

	YUFFEE:
	How did you test these instruments? Were there animal studies? Were there studies with people? Or were you just leaving the instruments exposed to a source to see whether they worked or not?

	MORGAN:
	[While at Chicago,] we did no studies in biology or in the environment. That was left up to other groups at the University. We tested these instruments, with radium sources and [chang and eng and] beryllium sources of neutrons. Then, if we wanted to study epithermal or thermal [neutrons,] we used paraffins15 or something to slow down the neutrons. But, the biggest problem then, and even now, is that of the fast neutrons.

	

	Arrival at Oak Ridge (1943)

	MORGAN:
	Perhaps I can skip a few months, until we reached Oak Ridge.

	CAPUTO:
	You went to Oak Ridge in 1944?

	MORGAN:
	I went to Oak Ridge in 1943, in September. The five of us went there. I left Chicago, of course, taking my family first back to Hickory. I was very cruel: I left my wife with three kids to do the packing and moving, and I caught the train and went to Oak Ridge. You must keep in mind that Hitler was winning the war and time was of the essence to get on with this research. It was after crossing over the [Solway River] Bridge on the bus from Knoxville that I went through the routine of being checked by guards, and then [living] some of our family history [and atomic history].

When I reached the staging area, you might call it—what now is called Oak Ridge—I was assigned a place where I would sleep and told the number of the bus that I would catch to go where I was to work. I was repeatedly cautioned about security and not to wander off the marked roads. A lot of the security, of course, was ridiculous and absurd, because it gave away what we were doing, for one thing. Any physicists would have to be very stupid not to know what they were doing at what was called Y-12 and operated, at that time, by Tennessee Eastman [Company]. You could see all the [large] transformers and power lines going in. There wouldn't be anything else in the world that it could be used for except an electromagnetic separation [plant]. Of course, what would you be separating? They wouldn't be making heavy water there; they were separating 235U from 238U and -234 [as I've explained in Angry Genie].

	YUFFEE:
	Were you at X-10?

	MORGAN:
	I was assigned to X-10. At that time, or shortly after, they called it Clinton Laboratories. Some years later it was dedicated as Oak Ridge National Laboratory, which is the present name.

	CAPUTO:
	Why did you decide to go to Oak Ridge from the University of Chicago?

	MORGAN:
	Well, at Chicago, living through part of the winter and a terrible [hot] summer there, [I couldn't wait to get to the cooler, open country]. I still felt like I was a Southerner and wanted to get back to the beautiful South and the mountains. I was working in my laboratory one afternoon when Martin Whittaker came in. He was a former classmate of mine at [University of North] Carolina when I was working on my master's [degree]. I used to help him with some of his mathematical problems that were pretty involved there at Carolina. So, I knew him very well. He startled me by saying, "Karl, how would you like to go south and get a job in the South?"

Well, I almost jumped to the ceiling [with joy] because I was very anxious, I and my family, to get back South. He said that he had been asked by Compton and by others, (I guess by [Leo] Szilard16), to head up a project they were developing in the cornfields of Tennessee, not far from a little town called Clinton. Whittaker said he would like me to join him in that program.

	

	Creating a Health Physics Division (1943–44)

	YUFFEE:
	Did you assume the role of director of the Health Physics Division upon your arrival at Oak Ridge?

	MORGAN:
	When we got to Oak Ridge, Ernie Wollan immediately went into physics and left health physics. Ernie, unfortunately as you know, has long been deceased. The [1994] Nobel prize in Physics was given to one of his students there who he educated and trained in neutron diffraction techniques. Had he lived and were he alive today, he would be the principal recipient of that Nobel prize in Physics. Of course, that has been acknowledged.

Parker, Gamerstfelder, Hart, and I then constituted the original group [of health physicists] at Oak Ridge. Today there are over 35,000 professional health physicists in the world. There at Oak Ridge, Parker was the senior person in group, having been at Chicago prior to my coming. He left [Oak Ridge] later on in 1944. He, Gamertsfelder, and Hart left Oak Ridge and went to Hanford [in Washington State] in late spring and fall of 1944. Then the reins fell on my shoulders to do what I could to see that the pile we had in operation there was operated safely, and that the chemical and other operations were done without risk to employees or members of the public.

	

	Concern for the Radiological Safety of Workers and the Nearby Public

	CAPUTO: 
	Do you know what drove that concern for workers' safety and the safety of the surrounding population?

	MORGAN:
	Well, as I indicated earlier, we knew of only two risks. We supposed there might be others, but we knew nothing about them. The two were referred to as the "radiation syndrome," where doses of hundreds or thousands of roentgens17 are received and cause skin erythema. I'll try to use the roentgen unit to be more or less consistent; otherwise I might use five or six others that are in current use. We knew that very large doses of ionizing radiation would be fatal to animals, and presumably to man. [The] thing we knew and were concerned about was skin erythema, which I've discussed. So, our main problem there was to make sure what the radiation levels were. When I say radiation, I mean energy above 15 electron-volts. Our main purpose was to know what the levels of dose were and to provide means of limiting exposure of workers and members of the public to what we thought would be a safe level.

	CAPUTO: 
	I was wondering about the concern for worker safety. Was that a legal concern, or was that just a general concern for welfare, or was it driven by public perception?

	MORGAN:
	I can only state with certainty my own impressions and response. I'm sure that people like my friend John Wheeler and Arthur Compton and others at that [higher] level were concerned, not only about the science and engineering, but about the legal problems of exposure. Frankly, I was still a physicist at heart, not a health physicist. My only concern was obtaining knowledge and protecting people. I never at that time—we are now talking about 1943—considered the problem of legal restraints or litigation. Court and lawsuits never crossed my mind; I never even thought of it. To me, the important thing was to get rid of that bastard in Germany, to win the war, and protect the people.


FOOTNOTES:
1radiation of high penetrating power originating in outer space and consisting partly of high-energy atomic nuclei

2Manhattan Engineering District, the Government agency that oversaw development of the atomic bomb under the ultrasecret Manhattan Project

3Dr. Arthur Compton of the University of Chicago headed a National Academy of Sciences committee that in May 1941 recommended to Dr, Vannevar Bush, head of the National Defense Research Committee, that nuclear research be pursued as part of the national defense effort for several purposes, including development of an atomic bomb. In the summer of 1941, Bush instructed Compton to assess technical questions related to critical mass and destructive capability and verify a British conclusion that development of a uranium bomb that could be dropped from existing aircraft was feasible within two years. On November 6, 1941, Compton reported a conclusion less sanguine than that of the British but still confirming the feasibility of an atomic weapon deliverable by aircraft. Early in 1942, as part of the emerging effort to develop an atomic bomb, Bush appointed Compton to be one of three program chiefs with responsibility to run chain reactions and develop weapons theory. As a result, under Arthur Compton, the Metallurgical Laboratory at the University of Chicago became a critical research facility for the Manhattan Project.

4radiation that interacts with matter by stripping electrons from their orbits around nuclei, leaving the nucleus with a positive charge

5Stagg Field at the University of Chicago. Fermi's underground labs would become the site of the world's first sustained nuclear chain reaction, December 2, 1942.

6Morgan actually spent less than 10 months in Chicago, ending in September 1943.

7For the transcript of the interview with Gamertsfelder, see DOE/EH-0467, Human Radiation Studies: Remembering the Early Years; Oral History of Dr. Carl C. Gamertsfelder, Ph.D. (scheduled to be published later in 1995).

8(eV)—a unit of energy equal to the energy acquired by an electron accelerating through a potential difference of 1 volt and equivalent to 1.602 × 1019 joules

9an abnormal reddening of the skin due to local congestion, such as inflammation

10an electron or positron emitted from an atomic nucleus in beta decay. Uranium emits beta particles because its beta-emitting decay products are present.

11a highly penetrating photon of high frequency, usually 1019 Hz or more, emitted by an atomic nucleus

12a positively charged particle consisting of two protons and two neutrons, emitted in radioactive decay or nuclear fission; the nucleus of a helium atom

13not containing hydrogen

14instruments for detecting ionizing radiation and measuring dose rate

15white or colorless, tasteless, odorless, waxy, solid mixtures of alkanes, used especially in candles and sealing materials

16Dr. Leo Szilard (1898–1964) was a Hungarian-born American physicist who with Walter Zinn proved the possibility of self-sustaining nuclear fission in1939 at Columbia University. At the University of Chicago Metallurgical Laboratory with Enrico Fermi, Szilard determined the amount, configuration, and means to control uranium fuel and directed the first nuclear chain reaction, December 2, 1942. He remained at the Metallurgical Lab until 1946, when he returned to his university position and concentrated on research in molecular biology.

17a unit of radiation dosage equal to the amount of ionizing radiation required to produce one electrostatic unit of charge of either sign per cubic centimeter of air

18thin, flat plates with a thin layer of phosphorus-32

19radiation, especially braking radiation, gamma rays, or x rays, emitted by decelerating charged particles

20the outermost layer of skin

21"man"—the species whose members are known popularly as "human beings"

22director of Oak Ridge National Laboratory's Biology Division

23a professor of Radiology at the University of Rochester, Rochester, New York, site of research involving plutonium and human subjects. Dr. Warren worked on the Manhattan Project and headed an Intramedical Advisory Committee.

24For the transcript of the interview with Friedell, see DOE/EH-0466, Human Radiation Studies: Remembering the Early Years; Oral History of Dr. Hymer L. Friedell, Ph.D. (scheduled to be published later in 1995).

25Joseph Hamilton, an M.D., worked at Crocker Laboratory, then the site of a 60-inch cyclotron that he operated to produce radioisotopes in support of research and some medical diagnosis and treatment. Crocker was part of the Lawrence Radiation Laboratory, later renamed Lawrence Berkeley Laboratory, located at the University of California at Berkeley. Hamilton is discussed in several transcripts of this series, notably in the interviews with John Gofman (DOE/EH-0457, June 1995) and Earl Miller (DOE/EH-0474, June 1995). Hamilton spent most of his career at the Laboratory before dying prematurely of leukemia brought on, colleagues believe, by occupational exposure to radiation.

26Dr. Paul Aebersold established the administrative system for distribution of radioactive isotopes. After working on the Manhattan Project at Los Alamos, New Mexico, and Oak Ridge, Tennessee, from 1942 to 1946, he served as director of the Atomic Energy Commission's Isotopes Division at Oak Ridge from 1947 to 1957. He retired as the Director of the AEC's Office of Isotopes Development in 1965. Two-and-a-half years later, he committed suicide. For additional information on Dr. Aebersold, see "Safety of the Nuclear Industry" in the interview with Merril Eisenbud (DOE/EH-0456, May 1995) and "Remembrances of Personalities" in the interview with Earl Miller (DOE/EH-0474, June 1995).

27International Commission on Radiological Protection

28 National Council on Radiation Protection. Although the words "and Measurements" were later appended to the name, the council's initials remain NCRP.

29 radioactive nuclides (atomic species in which the atoms all have the same atomic number and mass number)

30After the interview, Morgan submitted the following clarification: "Insofar as I can determine, I published the first paper in the open literature showing how to calculate permissible levels of exposure to radionuclides (Morgan, K.Z., ?Tolerance Concentration of Radioactive Substances,' J. Physical & Colloid Chemistry, 51, p. 984). All my previous publications were on cosmic radiation and on the meson, the fourth basic particle of matter. Now there were known four basic particles: the electron, the proton, the neutron, and the meson. All were published in the Physical Review (Vol. 52, No. 6, Sept. 1937; Vol. 54., No. 4, Aug. 15, 1938; Vol. 56, No. 11, June 1939; and, Vol. 57, No. 2, Jan. 15, 1940). These publications were [written] jointly with W.M. Nielsen and L.W. Nordheim of Duke University."

31determining of the amount of material present in tissue, urine or feces by any trial measurement

32having an atomic number higher than 92, the atomic number of uranium

33Morgan adds: "Our first studies on body fluid analysis were conducted by Ralph Firmanack and Larry Farabee. They developed the early methods of determining uranium, plutonium, and strontium (238U, 239Pu, and 89Sr and 90Sr) in urinal feces, among other research."

34Massachusetts Institute of Technology, Cambridge, Massachusetts

35The Atomic Energy Commission (AEC) was created in 1947. Morgan meant to say the Manhattan Engineer District (MED).

36For the transcript of the interview with Lushbaugh, see DOE/EH-0453, Human Radiation Studies: Remembering the Early Years; Oral History of Pathologist Clarence Lushbaugh, M.D. (April 1995).

37Oak Ridge Institute of Nuclear Studies, established in 1946 by the Manhattan Engineer District and operated under a Manhattan Project (and later Atomic Energy Commission) contract. ORINS was responsible for training physicians and researchers in the safe handling of radioisotopes and in the development of isotope applications in medicine. In addition, ORINS was responsible for selecting both students and established scientists for fellowships and other temporary research assignments. Today, the educational and training functions of ORINS are carried out by its successor, Oak Ridge Institute for Science and Education (ORISE).

38using pressurized air

39Medium-Exposure-Rate Total Body Irradiator

40The first British production reactors went into operation in 1950–51 in Windscale, England on the Irish Sea. In October 1957, an incident occurred at Reactor Number One which resulted in the release of excessive amounts of radioiodine and other radioisotopes to the environment. Use of milk from local farms was discovered to pose the greatest radiological health hazard to the local community.

41The Idaho Falls National Laboratory accident, SL-1, was a reactor accident that resulted in the death of three workers. For an extended discussion of the SL-1 reactor accident, see "Fatal Worker Accident at Idaho's SL-1 Reactor (1961)" in DOE/EH-0454, Remembering the Early Years: Interview With Dr. George Voelz, M.D. (May 1995).

42breastbone

43the total-body irradiation facilities

44a family of cells that function in the immune system's defense against foreign bodies

45See also the comments by Lushbaugh in the section of his interview, "Charges That the Oak Ridge Radiation Therapy was Not Effective."

46Mother Jones is a monthly magazine specializing in investigative journalism from a progressive political perspective. It is published by the Foundation for National Progress.

47originating in the bone marrow

48Hearing Before the Subcommittee on Investigations and Oversight of the Committee on Science and Technology, U.S. House of Representative, 97th Congress, First Session, September 23, 1981, No. 63: Human Total Body Irradiation (TBI) Program at Oak Ridge, U.S. Government Printing Office, Washington: 1982.

49the Systême Internationale (SI) unit of dose equivalent when the absorbed dose is measured in gray

50Sipe worked with Lushbaugh at Oak Ridge in the 1960s, serving as the day-to-day manager of the Low-Exposure-Rate Total Body Irradiator (LETBI). She was present during the Lushbaugh interview; her comments are found throughout that transcript (DOE/EH-0453). In that interview, Lushbaugh and Sipe vigorously challenge charges that their therapeutic radioisotope treatments were unethical.

51For the transcript of the interview with Vodopick, see DOE/EH-0482, Human Radiation Studies: Remembering the Early Years; Oral History of Dr. Helen Vodopick, M.D. (August 1995).

52the portion of a fraction that appears below the "divided by" line—the amount into which the value above the line is divided

53managing and operating contractor of the Oak Ridge Institute for Science and Education, formerly known as Oak Ridge Institute of Nuclear Studies (ORINS)

54operated by the U.S. Army, Dugway Proving Grounds is the field test site for U.S. chemical warfare agents. Dugway also has been used for radiological effects testing.

55A Department of Energy weapons site in Aiken, South Carolina, that, during the Cold War, was the major source of tritium for hydrogen bombs

56United Kingdom

57in Canada

58the biological effects of excessive exposure [greater than 100 rem (or 1 Sv) of penetrating radiation]

59radiation warfare, the use of fission-product radiation to kill enemy troops

60For more on the Green Run Experiment, with an emphasis on its military purpose and the involvement of the U.S. Air Force, see DOE/EH-0455, Human Radiation Studies: Remembering the Early Years; Oral History of John W. Healy (May 1995).

61an excavating machine with a bucket attached to a hinged boom that digs by being drawn toward the machine; invented in the first half of the 1940s 

62Eugene Paul Wigner (1902–95), U.S. physicist born in Hungary

63where it would be assembled into nuclear bombs

64time allowed for the short-lived fission products to decay away so that the fuel rods could be chemically processed and plutonium separated out

65become incorporated, as by absorption

66Photographic film manufactures strive to create silver iodide crystals that are flat and disklike, to expose more surface area to light. In the same way, Morgan and his group hoped to develop disklike metal particles, whose ample surface area would trap more iodine, which would fall to the chamber floor, fixed to the metal disks, where it could be safety disposed of.

67the use of extremely low temperatures

68referring to the site of the first atomic bomb explosion, July 16, 1945, in the New Mexico desert. Alamogordo is a small community 50 miles southeast of the test site.

69In August 1949, the Soviet Union detonated a nuclear device that U.S. authorities subsequently coined "Little Joe." The United States responded in part by deciding in 1950 to advance to the next generation of thermonuclear weapons, fueling the country's need for tritium. Little Joe also necessitated the creation of a monitoring program to determine the design of other countries' nuclear weapons by analyzing the content of radionuclides present in fallout from their weapons' tests.

70in reference to a single-source radiolanthanum test program at Oak Ridge National Laboratory. See CIC documents # 707033, 707034 & 707689.

71Since the area of a circle is r2, the area increases as the square of the radius. Hence, by doubling the release-point–to–pasture distance from 5 miles to 10, the crew could have spread the fallout over 314 square miles (3.14 × 100) instead of 79 (3.14 × 25), effectively diluting by 75 percent the dose reaching the cows.

72the Federal agency that regulates the safety of commercial nuclear power plants

73Morgan adds: "This visitor from the UK has sent me reports showing the present MPC values of tritium, 3H, are too high by at least a factor of five. This visitor is Ian Fairline from St. Bartholomew's Medical College."

74the Internal Dose Committee of the International Commission on Radiological Protection (ICRP) 

75Berger and Montague, P.C.

76the branch of medicine dealing with the statistics of incidence and prevalence of disease in large populations and with detection of the source and cause of epidemics; also: the factors contributing to the presence of absence of a disease 

77relating to substances or agents that tend to produce cancer

78the Freedom of Information Act of 1974, which entitles U.S. citizens to see Government documents that would otherwise remain privileged or classified

79Iron-55 has a half-life of 2.94 years; iron-59, 45.1 days. Unlike iron-55, iron-59 emits beta and gamma radiation.

80Martin Marietta Energy Systems (now Lockheed-Martin), the prime contractor for Oak Ridge National Laboratory

81Morgan adds: "I have the highest admiration for your Secretary O'Leary for the brave stand of openness and honesty she has taken, but I have a sense of uneasiness. I testified in the Karen Silkwood case and know of these heroic women who have suffered the same fate as Karen. I fear she has a bear by the tail."

82Hyman George Rickover (1900–1986), U.S. Navy admiral, born in Poland; helped to develop the nuclear submarine and is sometimes called the "Father of the Nuclear Navy"

83pressurized water reactor—one of the two kinds of light-water reactors used in virtually all domestic commercial nuclear reactors. Actually, U.S. Navy submarines rely chiefly on the other kind: boiling water reactors (BWRs). 

84Shoreham, the Long Island, New York, nuclear plant that operated for only a few days before being shut down because of safety concerns

85 the other prime contractors operating Government-Owned, Contractor-Operated (GOCO) facilities that comprise the DOE's former Weapons Complex

86Wigner Force, the short-range nuclear force of nonexchange type postulated by physicist Eugene Wigner as part of the interaction between nucleons

87Nuclear waste from Swedish commercial nuclear reactors is encased in special copper-clad glass capsules, which in turn are stored underground in stable granite formations.

88NaCl, ordinary table salt
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