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NOTICE 

This report contains preliminary data and was prepared primarily to record the year's work, and is not intended as a substitute for publication in the open literature. It is subject to revision and does not represent a final report. Please do not quote from or refer to this work in open literature without permission from individual authors. 

The opinions and statements contained in this report may not 
necessarily represent the views or the stated policy of the World 
Health Organization (WHO). The mention of commercial products, 
their sources, or their use in connection with material reported 
herein is not to be construed as either an actual or implied 
endorsement of such products by the Department of Health and 
Human Services (HHS) or the World Health Organization. 
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FOREWORD 

The Bureau of Radiological Health develops and carries out a national program to 
control unnecessary human exposure to potentially hazardous ionizing and nonionizing 
radiations and to ensure the safe, efficacious use of such radiations. The Bureau publishes 
the results of its work in scientific journals and in its own technical reports. 

These reports provide a mechanism for disseminating results of Bureau and contractor 
projects. They are distributed to Federal, State, and local governments; industry; hospitals; 
the medical profession; educators; researchers; libraries; professional and trade organiza
tions; the press; and others. The reports are sold by the Government Printing Office and/ or 
the National Technical Information Service. 

The Bureau also makes its technical reports available to the World Health Organization. 
Under a memorandum of agreement between WHO and the Department of Health and 
Human Services, three WHO Collaborating Centers have been established within the Bureau 
of Radiological Health, FDA: 

WHO Collaborating Center for Standardization of Protection Against Nonionizing 
Radiations; 

WHO Collaborating Center for Training and General Tasks in Radiation Medicine; and 

WHO Collaborating Center for Nuclear Medicine. 

Please report errors or omissions to the Bureau. Your comments and requests for 
further information are also encouraged. 

~rt~ 
ohn C. Villforth 
irector 

Bureau of Radiological Health 
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PREFACE 

Within the Bureau of Radiological Health, Food and Drug Administration, the Division of 
Biological Effects plans, conducts, and supports epidemiologic and experimental research on 
the biological effects of exposure to electromagnetic radiation, magnetic fields, and 
acoustic energy with special reference to emission from electronic products. 

Through intramural and extramural epidemiologic studies, laboratory investigation, and 
critical reviews of the literature, the division studies and evaluates research to assess the 
health effects resulting from exposure to radiation. It studies and develops techniques for 
the measurement of energy distribution in biological tissues in order to provide quantitative 
dose-effect information. The responsibility for the development of scientifically based 
biological criteria in support of exposure standards, performance standards, and voluntary 
guidelines to control radiation emission and radiation exposure rests primarily within the 
Division of Biological Effects. 

Moris L. Shore, Ph.D. 
Director 
Division of Biological Effects 
Bureau of Radiological Health 
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DIVISION OF BIOLOGICAL EFFECTS 

M_oris L. Shore, Director 

The Division of Biological Effects has two branches, the Experimental Studies Branch 
and the Epidemiologic Studies Branch, and one staff, the Standards Support Staff, with 
functional sections as depicted in the Organizational Chart. Additionally, a long-term study 
at the Collaborative Radiological Health Laboratory (CRHL) of the effects, in the beagle, 
of a single exposure to low levels of gamma radiation with emphasis on long-term effects in 

' unborn and young animals, is carried out by contract with the Department of Radiology and 
Radiation Biology, Colorado State University. Most of the division's experimental studies 
reported here are conducted at the Rockville, Maryland, laboratory. Microwave bioeffects 
research is also carried out at the Winchester Engineering and Analytical Center located in 

Winchester, Massachusetts. Most of the division's epidemiologic studies reported here are 
supported by contract, grant, or interagency agreement. The Standards Support Staff 

provides a focus for the coordination of scientific input by division scientists, as required, 
for Bureau regulatory compliance, and voluntary action programs. Various contract studies 
are in progress with universities, hospitals, and private and public institutes through 
interagency agreements. Through the foreign currency program (Public Law 83-480) the 

division assists in the development of information by researchers in selected foreign 
countries. 

The studies in this report, in many cases, give preliminary results that have not been 
published; in other cases they reiterate published findings. Publications and presentations 
during the year are listed in Apendixes A and B. 

EPIDEMIOLOGIC STUDIES BRANCH 

Plans, conducts, coordinates, and supports epidemiologic studies of health effects 
including dose-e,ffect relationships in human populations exposed to all sources of 

electromagnetic radiation, magnetic fields, and acoustic energy with special reference to 
emission from electronic products. Analyzes and interprets human population data for 

factors, including somatic, genetic, behavioral, and social, that influence exposure and 
health risks. Provides biometric, demographic, epidemiologic and survey support in 
electronic product radiation activities. 

EXPERIMENTAL STUDIES BRANCH 

Plans, conducts, coordinates and supports an experimental and multidisciplinary research 
program, including supportive biophysical studies, to determine the biological effects of 
exposure to electromagnetic radiation, magnetic fields, and acoustic energy with special 

reference to emission from electronic products. Examines the process ·of interaction 
between the radiation(s) and biological tissues. Provides technical and scientific support in 

radiation biology. 

STANDARDS SUPPORT STAFF 

Coordinates and participates in the review, comment, and development of recommen
dations for provisions and drafts of standards and guidelines. Plans and coordinates 
participation in the development and preparation of biological data concerning standards 
and guidelines for regulatory and compliance actions. Participates in meetings with parties 
affected by standards and guidelines whenever safety, in terms of human or biological risk, 
is a matter of consideration. 



ORGANIZATIONAL CHART 

DIVISION OF BIOLOGICAL EFFECTS 

Moris L. Shore 

Director 

Charlotte Silverman 

Deputy Director 

Charles L. Best 
COLLABORATIVE RADIOLOGICAL 

ASSISTANT DIRECTOR FOR HEALTH LABORATORY 
OPERATIONS AND MANAGEMENT 

I I 
EXPERIMENTAL STUDIES BRANCH EPIDEMIOLOGIC STUDIES BRANCH STANDARDS SUPPORT STAF'I=, 

William M. Leach Frank E. Lundin, Jr. F. Alan Andersen 
Chief Chief Chief 

BIOPHYSICS STUDIES SECTION EPIDEMIOLOGY SECTION STANDARDS COORDINATION 
SECTION - Harry D. Youmans, Jr. ..... Richard C. Stark ----Chief Acting Chief Jerome I. Levine 

Chief 

DEVELOPMENTAL STUDIES SECTION STATISTICS SECTION - Kiki B. Hellman ..... Richard P. Chiacchierini ----
SCIENTIFIC DATA SECTION 

Acting Chief Acting Chief Roger A. Budd 
Chief 

GENETIC STUDIES SECTION SPECIAL PROJECTS SECTION - Elizabeth D. Jacobson - Robert M. Albrecht MEDICAL DATA SECTION 
Acting Chief Acting Chief '-- Loren F. Mills 

Chief 

NEUROPHYSIOLOGIC STUDIES 
SECTION -

William D. Galloway 
Chief 

, 

PATHOLOGIC STUDIES SECTION - Larry E. Bockstahler ' ' . Chief 

SOMATIC STUDIES SECTION ..... 
Kenneth Krell 

Chief 

TOXICOLOGIC STUDIES 
SECTION - Esther S. Ferri 

Chief 
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IONIZJNG RADIATION 

EPIDEMIOLOGIC STUDIES 

One of the primary goals of the research program in epidemiology is to determine the 

qualitative and quantitative nature of risks associated with the exposure of human 
populations to ionizing radiation, including low-levels of radiation. The pursuit of this 

objective requires the study of dose response, latent periods, age sensitivity, and other 

mechanisms associated with adverse health effects. The pursuit of this goal is through a 
variety of epidemiologic projects. Possible delayed adverse effects are being studied in 

relation to medical x-ray irradiation of the fetus in utero, nuclear medicine radiopharma

ceuticals such as iodine-131, and occupational exposure of radiologists to radiation 
compared to pathologists. The feasibility of studying environmental exposures among school 

children in Utah is also under way. The breadth of studies is an integral and essential part 

of the assessment of possible adverse biologic effects of ionizing radiation in humans. 

DATA COLLECTION AND ANALYSIS OF THE OXFORD SURVEY 
OF CHILDHOOD CANCERS 

Richard P. Chiacchierini (Intramural) 

J.A.H. Waterhouse and Alice Stewart 
University of Birmingham, Birmingham, England 

Margaret Kinnier-Wilson, Marie Curie Memorial Foundation 
Oxted, England (Contract) 

The objective of the Oxford Survey of Childhood Cancers is to study the etiology of 

childhood cancer, with particular emphasis on in utero exposures to radiation. Each year 

the survey obtains death records for all children in England, Scotland, and Wales who died of 

cancer under 15 years of age. A living control child is selected matched to each cancer 

case by year of birth, geographic area of residence and sex. Questionnaires are sent to the 

district medical officers who interview the mothers, and additional information is collected 

from prenatal clinics and hospitals. 

PROGRESS: The study was the first to show an association between in utero x ray and 
childhood cancer. Through its 25-year history, several analyses have been done. The most 

important of these indicates that an association between childhood cancer and in utero 

x ray persists after simultaneous adjustment for social class, maternal age and sibship 
position. More recent results indicate that statistical adjustment for the reasons for 

ordering the x ray does not reduce the effect substantially, that the reported as'sociation 

between preconception irradiation and childhood cancer is probably artifactual, and that 

children who have leukemia or other cancers have a greater sensitivity to infectious and 

viral diseases than their controls. 

Preliminary studies of (a) the relationship between childhood cancers and the co-factors 

maternal use of medicinal drugs and in utero x-ray • exposure, and (b) the possible 

carcinogenic effects of in utero exposure to ultrasound have been inconclusive because of 

small numbers. 
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The investigators have begun work on a monograph which will present the historical 
development of the Survey. Included in the monograph will be refined analyses that are 
intended to investigate further the etiologic role of in utero exposure to ionizing radiation 
and childhood cancer. Furthermore, through the financial support of the National Institute 
for Occupational Safety and Health and the FDA Bureau of Drugs, it has been possible to 
extend the analysis to investigate the possible roles of parental occupation and/or maternal 
use of medicinal drugs in childhood cancer. 

REFERENCE· 

Chiacchierini, R.P., A.M. Stewart, and G. W. Kneale. Recent findings of the Oxford survey 
of childhood cancers. Presented at the Symposium on Biological Effects, Imaging Tech
niques, and Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, 
Maryland, June 6-8, 1979. 

A FOLLOWUP STUDY OF PERSONS WHO HAD 1-131 AND 
OTHER DIAGNOSTIC PROCEDURES DURING CHILDHOOD 

Peggy Hamilton (Intramural) 

B.S.H. Harris, III 
Research Triangle Institute 

Research Triangle Park, North Carolina (Contract) 

The objective of this multicenter study is to assess the possible delayed adverse effects 
of exposure to diagnostic levels of iodine-131. The project is a collaborative study of 
approximately 6,500 children who were exposed to iodine-131 for diagnostic purposes 
between January 1, 1946, and December 31, 1967, and two similar sized control groups. 
The controls are (1) children of similar age, race, sex, and disease state who were not 
exposed to diagnostic iodine-131, and (2) siblings of the exposed children. Upon 
identification of the study groups, the project will locate, followup, and query the health 
status of the subjects. Medical and demographic information is being abstracted from 
hospital records, and death certificates will be obtained for patients who died. 

PROGRESS: The cooperation of 21 medical centers has been obtained and data collection is 
in progress in 19 of these centers. Patient rosters have been developed for 13,939 potential 
study subjects. Medical record abstraction is complete for 4,076 exposed patients and 3,037 
comparison patients. Questionnaires have been mailed to 3,525 subjects and responses have 
been obtained from 1,157. 

Data collection activities to identify the three study groups will continue and a 
90 percent response rate to the questionnaire survey is anticipated for each of the three 
groups. Data will be reduced to machine readable form, and analysis of data and 
preparation of reports will follow. 

REFERENCE 

Hamilton, P. Diagnostic iodine-131 followup study. Presented at the Symposium on 
Biological Effects, Imaging Techniques, and Dosimetry of Ionizing Radiation. Bureau of 
Radiological Health, Rockville, Maryland, June 6-8, 1979. 



CONTROLLED FOLLOWUP OF_ PERSONS TREATED FOR 
THYROTOXICOSIS WITH THERAPEUTIC 

IODINE-131 OR SURGERY 

Daniel A. Hoff man (Intramural) 

Leonard C. Kur land 
Mayo Foundation, Rochester, Minnesota (Contract) 

The objective of this study is to determine whether women treated for hyperthyroidism 
with therapeutic doses of iodine-131 are at greater risk of developing malignant neoplasms 
than women treated for the same condition by surgery and/or antithyroid drugs. 

The study population consists of women treated for hyperthyroidism at the Mayo Clinic 
between January 1, 194.6, and December 31, 1964. This is a followup study of 3,696 
patients in the following treatment groups: 1,004 who were treated with iodine-131, 2,141 
who were treated surgically, and 426 who received antithyroid drugs. The medical records 
of these patients were abstracted at the Mayo Clinic for relevant medical, treatment, and 
demographic information. Questionnaires were mailed to the study participants requesting 
current health data. Death certificates were obtained for all decedents. 

PROGRESS: Ninety-six percent of the patients were located, and a response was received 
from 97 percent of those located. There was virtually no difference in the age-adjusted 
mortality rate between the iodine-131 and surgery groups (19.5 and 19.6 per 1,000 person
years, respectively). There were also no significant differences between these two groups 
for cancer mortality, for total cancer incidence or for specific sites. An analysis of cancer 
incidence by "dose" showed no significant increase with increasing dose. Analysis of the 
data continues and several reports will be prepared for publication. 

REFERENCE 

Hoffman, D.A. A morbidity and mortality follow-up of women treated for hyperthyroidism. 
Presented at the Symposium on Biological Effects, Imaging Techniques, and Dosimetry of 
Ionizing Radiation. Bureau of Radiological Health, Rockville, Maryland, June 6-8, 1979. 

RADIATION REGISTRY OF PHYSICIANS 

Mary K. Barrick and Gordon Jessup (Intramural) 

The objective of this project is to investigate the long term somatic and genetic effects 
in humans of chronic exposure to low levels of ionizing radiation. Radiologists who are 
exposed to ionizing radiation and a comparison group of pathologists, who are not exposed 
occupationally, have been queried by mail. The information that is collected includes 
demographic characteristics; occupational, personal, and family radiation exposure; somatic 
effects of radiation such as injuries, leukemia, and other cancers; and genetic effects such 
as numbers and sex of children, pregnancy wastage, and congenital defects. The two 
physician groups have been followed, and age and cause of death have been obtained for 
those who died. Project review is provided by a National Academy of Sciences-National 
Research Council advisory committee, and is supported by FDA Contract. 

PROGRESS: Two questionnaires have been completed by the same physicians, with a 
minimum interval of 5 years. An overview of the first questionnaire was published in 1971 
(1). Data from the second questionnaire on the use of medical radiation by the physicians 
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and their families have been analyzed and prepared for publication. Preliminary work on 
pregnancy wastage has been done based on data from both questionnaires. 

REFERENCE 

Silverman, C. and R. Seltser. Radiation registry of physicians. Radiology 99:559-568, 1971. 

POSSIBLE EFFECTS OF FALLOUT RADIATION ON 
THE THYROID GLAND: A FEASIBILITY STUDY 

Daniel A. Hoffman (Intramural) 

Dee W. West, University of Utah, Salt Lake City, Utah, 
and G. Minor, Equifax Services, Inc., Atlanta, Georgia (Contract) 

The objective of this project is to determine the feasibility of reopening a study of 
children in Arizona, Nevada, and Utah, in order to assess their current health status in 
relation to exposures to fallout from atomic bomb testing in Nevada from 1951 through 
1958. An earlier study, terminated in 1970, included annual clinical examinations from 1965 
through 1968 of the children exposed to fallout and estimates of their thyroid radiation 
doses. Currently two exploratory approaches are being used. To identify new cancers, the 
names of children will be matched against the Rocky Mountain Cancer Data System, a 
cancer registry in Utah that partially covers Nevada and Arizona as well. Second, a sample 
of the original study group is to be traced to assess the feasibility of finding the same 
individuals so that their current health status might be determined. 

PROGRESS: The required Federal Register notice has been published. Contracts with the 
Rocky Mountain Cancer Data System and Equifax, Inc., have been signed. Required 
clearances, and exemptions will be obtained and the matching and tracing aspects will 
follow. 

REFERENCE 

Hoffman, D.A. and C.W. Harlow. ~ Thyroid nodularity in school children exposed to fallout 
radioiodine. Presented at the Symposium on Biological Effects, Imaging Techniques and 
Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, Maryland, 
June 6-8, 1979. ~ 

STUDY OF MORTALITY FROM CANCER AND OTHER CAUSES 
AMONG MEN WHO SER YEO AS X-RAY TECHNOLOGISTS 

IN THE U.S. ARMY DURING WORLD WAR II 

Frank E. Lundin (Intramural) 

S. Jablon 
National Academy of Sciences, Washington, D.C. (Contract) 

The objective of this study is to assess the long term effects of occupational exposure to 
x rays in military x-ray technologists compared to a similar age group of military medical, 
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laboratory, and pharmacy technologists. Earlier, the Medical Followup Agency, National 
Academy of Sciences, studied an exposed group of 6,500 x-ray technologists and a control 
group of 6,800 medical laboratory and pharmacy technologists. The period of observation 

ended with 1963. A succeeding project to further explore possible delayed adverse effects 

extended the period of observation through 1973. Death rates by cause of death were 

compared for the exposed and control groups of technologists. Results after 29 years of 
followup were reported by the investigators in 1978 (1 ). Further analysis of mortality from 
lung cancer by time of occurrence was conducted by the Bureau of Radiological Health. 

PROGRESS: The time of death from lung cancer was compared for exposed and control 
groups of technologists, and the findings were evaluated in relation to death rates for U.S. 

males of the same age and time period. The overall lung cancer rates were similar for the 
two groups of technologists, but occurred earlier in those exposed than in control 
technologists and comparable U.S. males (2). 

REFERENCES 

1. Jablon, S. and R. W. Miller. Army technologists: 29-year follow-up for cause of death. 
Radiology 126:677-679, 1978. 

2, Lundin, F .E. The temporal distribution of respiratory tract cancer in radiological 
technologists. Presented at the Symposium on Biological Effects, Imaging Techniques, 
and Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, 
Maryland, June 6-8, 1979. 

DELA YEO EFFECTS OF SCALP X IRRADIATION 

Charlotte Silverman (Intramural) 

Baruch Modan 
Chaim Sheba Medical Center 

Tel Hashomer, Israel (Contract) 

The objective of this study is to determine the long term carcinogenic and behavioral 
effects of x ray epilation therapy in childhood for ringworm of the scalp (tinea capitis). 
The study population consists of 10,842 irradiated tinea cases matched with two non-tinea, 
nonirradiated control groups: 10,842 general population and 5,400 sibling controls. To 
date, published results have concerned late carcinogenic effects. They show a significantly 
increased risk of both malignant and benign neoplasms of the head and neck region in 
the irradiated group compared to the controls, particularly in brain, parotid and thyroid 
tumors. The lowest x-radiation dose that is carcinogenic for the thyroid, less than 10 
rad, was reported by this study. 

PROGRESS: Analysis of some of the findings concerning mental function, long delayed, 
became available during the year (1). Five indicators of mental and brain function were 
evaluated: high school aptitude test, school grade completed, intelligence test, mental 
hospital admissions, and EEG patterns. These measures of brain function, mental ability and 
scholastic achievement showed that the irradiated children suffered impairment. The 
findings are consistent with and extend previous findings of suggestive brain damage from 
radiation. The results of the study were summarized at a BRH symposium (2). 
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REFERENCES 

1. Ron, E. and B. Modan. Mental function following scalp irradiation in childhood. 
Presented at the Sixth International Congress of Radiation Research. Tokyo, Japan, 
May 12-20, 1979. 

2. Silverman, C. Mental function following scalp x irradiation for tinea capitis in 
childhood. Presented at the Symposium on Biological Effects, Imaging Techniques, and 
Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, Maryland, 
June 6-8, 1979. 

RISK/BENEFIT ANALYSES OF MAMMOGRAPHY 
AND OTHER RADIATION PROCEDURES 

Rich2rd P. Chiacchierini (Intramural) 

The objective of this effort is to study the lifetime risk/benefit balance of the use of 
mammography in screening for breast cancer and to extend this method of risk/benefit 
analyses to other medical examinations. 

A mathematical model of a life table has been developed and computerized to analyze 
the problem. The model utilizes generalized estimates that can be adjusted to reflect 
different levels of effectiveness. 

PROGRESS: This work was presented at the Symposium on Reduced Dose Mammography (1) 
and at an American College of Radiology Science Writers' Forum. Future plans for the 
model include generalizing the computer program to allow the incorporation of data from 
other radiation exposures (including medical radiation exposures) and publication of the 
methodology in an appropriate journal. 

REFERENCE 

1. Chiacchierini, R. and F. Lundin. Risk/benefit analyses for reduced dose mammography. 
In: Reduced Dose Mammography. Edited by W. Logan and P. Muntz., pp. 61-72. 
Masson Publishing USA, Inc., New York (1979). 
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EXPERIMENTAL STUDIES 

STUDY OF LONG TERM EFFECTS IN THE BEAGLE FROM WHOLE BODY EXPOSURE 
TO IONIZING RADIATION AT DIFFERENT PERIODS OF DEVELOPMENT 

Moris L. Shore (Intramural) 

Stephen A. Benjamin, Colorado State University Coliege of 
Veterinary Medicine and Biomedical Sciences 

Fort Collins, Colorado (Contract) 

The objective of this study is to examine on a long-term basis the effects of ionizing 
radiation when delivered at various periods of development of the beagle. 

As part of a long-term study to evaluate the biological hazards associated with low 
levels of ionizing radiation, beagle dogs were given whole-body exposure to Co-gamma 
radiation at one of six ages of pre- or postnatal life. Four hundred and eighty dogs, 120 for 
each age at exposure, received 20 R at 8, 28, or 55 days postcoitus (dpc) at 2 days 
postpartum (dpp). Similarly, 480 dogs, 120 at each age, were exposed to 100 R. Exposures 
of 100 R were also given to 118 dogs at 70 dpp and 231 dogs at 365 dpp. An additional 360 
dogs were sham-irradiated. Both sexes were equally represented. The exposures were given 
bilaterally for a total of 10 minutes, and measured as midline in air doses. The absorbed 
dose was calculated for each dog. Mean values for each age at exposure ranged from 15.6 
to 17 .5 rads for 20 R exposures and from 80.8 to 88.3 rads for exposure to 100 R. 

PROGRESS: Thirty-nine irradiated dogs have died as a result of malignancy, as compared 
to nine among the control animals. A broad spectrum of malignancies has been observed in 
the exposed animals which includes 12 malignant lymphomas. The first case of granulocytic 
leukemia has been observed in this study. 

Malformations associated with dentition appear to be related to the stage of develop
ment at time of irradiation and show a clear dose response. 

The interference with development of functional renal tissue in animals irradiated at 
higher doses reported earlier is being examined at lower doses. There is evidence to suggest 
that fXposed animals in the lifetime study show findings consistent with observations made 
at higher doses. 

Similarly, with respect to eye defects, a trend away from normality is suggested by data 
accumulating in animals exposed at 100 R for both retinal atrophy and nuclear cataract. 

REFERENCE 

CSU-FDA Collaborative Radiological Health Laboratory Annual Report 1978 (and previous 
years). 
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THYROID TUMOR INDUCTION IN RATS FROM IODINE-131 
AND LOCALIZED X-RAY IRRADIATIONS 

Wah Lee , Richard P. Chiacchierini, and Bernard Shleien (Intramural) 

The objective of the study is to determine dose response functions in thyroid tumor 
induction from iodine-131 and from localized thyroid and pituitary x irradiation in rats. In 
addition, the study is designed to observe possible radiosynergistic effects between the 
thyroid and pituitary glands when either or both organs are irradiated with a given dose of 
localized x ray. 

Three thousand 6-week-old Long-Evans female rats were irradiated with iodine-131 
injected intraperitoneally or with localized x ray to the thyroid and/or pituitary. The 
animals were divided into 10 groups with 300 animals per dose group. Three groups were 
injected with Naiodine-131 activities of 0.5, 1.9, and 5.4 uCi (corresponding mean thyroid 
doses of 80, 330, and 850 rads, respectively). Three groups were irradiated with localized 
x ray to the thyroid with doses similar to those in the iodine-131 animals. One group was x
irradiated to both the thyroid and the pituitary with the same dose of localized x ray. The 
remaining two groups of animals were used as controls. 

All the animals were sacrificed 2 years after the irradiation. Gross autopsy was 
performed for all the animals sacrificed. Hemotoxylin eosin-stained representative cross 
sections of the thyroid and the pituitary were examined microscopically. Pathological data 
for the thyroid and the pituitary have been entered into a computer and are being analyzed. 
Preliminary data analysis revealed the following: (1) a significant increase in thyroid cancer 
was observed in the animals injected with as little as 0.5 uCi of iodine-131 as compared to 
the controls; (2) the dose response functions in thyroid cancer induction may not be linear 
for either of the radiation sources; (3) thyroid cancer inductions per rad are very similar for 
iodine-131 and x ray; and (4) there is no radiosynergistic effect between the thyroid and the 
pituitary in thyroid cancer induction. An accurate method of iodine-131 rat thyroid 
dosimetry was developed during the course of the study (1). 

REFERENCE 

1. Lee, W., B. Shleien, N.C. Telles, and R.P. Chiacchierini. An accurate method of I-131 
dosimetry in the rat thyroid. Radiat Res 79:55-62 (1979). 

BIOLOGICAL EFFECTS OF IN UTERO X-RAY EXPOSURE 

Roberts Rugh,** Mary McManaway, and William M. Leach (Intramural) 

Studies in mammals support the view that embryonic development is a specially 
radiosensitive period of life. The present project was undertaken to investigate the 
expression of radiation sensitivity in embryos exposed under a variety of biological and 
irradiation conditions. Male and female proven breeders of the CF 1 mouse strain are placed 
together for 2 hours; females with copulation plugs are selected as experimental animals. 
The animals are exposed to 250 kVp x rays at various times around the 2-hour mating period. 
On gestational day 18, the litters are surgically removed and examined for gross 
malformations and for signs of embryonic death (dead fetus or resorption site on uterine 
wall). 

*Deceased November 10, 1978 
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PROGRESS: During the year studies were performed to examine possible effects of 
exposure rate and exposure fractionation. Exposure rates of 5 R and· 100 R per minute were 
used; the total exposure was 150 R. For fractionated exposures, 50 R was given on each of 
3 successive days at an exposure rate of 50 R per minute. Three gestational ages were used, 
with the day of mating as day O of age; day 4, near implantation in the mouse; day 8, the 
period during major organogenesis when x-ray induced anomalies reach a peak incidence; 
and day 12, near the end of major organogenesis. For fractionated exposures, irradiations 
took place on the days preceeding and succeeding each selected age; for example, day 4, 
irradiations took place at the same hour on each of three days--days 3, 4, and 5 of gestation. 
A total of 4,504 implantations have been examined, including 1,429 from sham irradiated 
and cage control animals. Analysis of the data has not been completed. 

REFERENCE 

Rugh, R., M. McManaway, and W.M. Leach. Biological effects of in utero x ray exposure. 
Presented at the Symposium on Biological Effects, Imaging Techniques, and Dosimetry of 
Ionizing Radiation. Bureau of Radiological Health, Rockville, Maryland, June 6-8, 1979. 

ON THE THERMODYNAMIC BEHAVIOR OF LIVING SYSTEMS 

H. D. Youmans, Jr. (Intramural) 

The purpose of this research is to obtain quantitative knowledge about the thermo
dynamic behavior of living systems as a result of radiation exposure. Three aproaches are 
under way: (1) theoretical statement of the Ii ving thermodynamic system and its perturba
tion by radiation exposure; (2) development of special equipment and methods to allow 
determination of oxygen consumption (respirometry), heat production _(calorimetry), and 
development and cell division (time lapse video tape micrography); and-(3) development of 
biological cell systems to use in microcalorimetric determinations of radiation effects. 

PROGRESS: A manuscript has been prepared to describe in detail the theoretical 
considerations involved with thermodynamic approaches to the radiobiological response of 
living systems. Perturbations of living systems by irradiation--furnishing exogenous energy 
to the system--are discussed as applications in the general area of radiation dosimetry. The 
microcalorimeter is under development through an interagency agreement with the National 
Bureau of Standards. Prototypes of the calorimeter have been used to develop information 
about heat evolved from sea urchin eggs. 

Oxygen consumption was measured in both unfertilized and fertilized sea urchin eggs. 
Measurements were made on 30,000 eggs per sample, a sufficient number to provide a mono
layer in the test vessel. The respirometer was sensitive to 0.001 mm mercury pressure 
change. With dilutions of 50 sperm per egg, approximately 90 percent of eggs were 
fertilized and more than 50 percent developed to gastrula stage in 24 hours of incubation. 
The multiplicity of sperm was close to optimum under the experimental conditions. Too 
many sperm resulted in polyspermy of eggs and anomalous development; too few sperm 
resulted in incomplete fertilization. Parthenogenesis with NH i+ OH was attempted. 
Optimum treatment (concentration and exposure duration) was determined for lifting the 
fertilization membrane, but less than 1 percent of treated eggs cleaved. 

11 



EVALUATION OF HEAL TH DETRIMENT FROM DELAYED 
EFFECTS OF IONIZING RADIATION 

Marvin Rosenstein and W. Howard Cyr (Intramural) 
Pricilla Laws, Dickinson College, Carlisle, Pennsylvania (Contract) 

Radiation detriment has been defined in such a manner as to account for the longevity of 
an induced disease or disorder and the severity of that disease or disorder. To calculate the 
genetic detriment from radiation exposure one would also need to know the incidence of the 
disorder in future offspring. These disorders would result from a mutational change in the 
irradiated parent. 

One of the investigators (W. Howard Cyr) has surveyed the data on estimates of risk of 
genetic disorders following radiation exposure, the severity and longevity of such disorders, 
the size of the population affected, and the range of doses absorbed by the gonads. This 
assessment has been written in memo form, presented at a Bureau meeting and at the 
International Congress of Radiation Research, and incorporated in a draft publication. The 
contract, however, has been terminated. Future collaboration with Dr. Laws is uncertain. 

REFERENCES 

Laws, P.W., W.H. Cyr, and M. Rosenstein. Evaluation of health detriment from delayed 
effects of ionizing radiation. Presented at the Symposium on Biological Effects, Imaging 
Techniques, and Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, 
Maryland, June 6-8, 1979. 

Laws, P.W., W.H. Cyr, and M. Rosenstein. Evaluation of health detriment from delayed 
effects of ionizing radiation. Presented at the Sixth International Congress of Radiation 
Research. Tokyo, Japan, May 13-19, 1979. 

LINEAR AND NONLINEAR DOSE RESPONSES 

W. Howard Cyr (Intramural) 

The current scientific literature dealing with the shapes of dose response curves has 
been searched and assessed for its implications for the standards setting activities of the 
Bureau. The models include "linear, no-threshold," the so called "linear-quadratic," and the 
"concave downward" model. The "linear, no-threshold" model implies that the absolute risk 
per rem is the same over the range of doses considered. The "linear-quadratic" model 
implies that the risk per rem at low doses, where little data exists but where estimates are 
most often needed, would be less than the risk per rem at high doses, where most of the 
data exist. The third model implies a greater risk per rem at lower doses. 

The literature search to date finds that data cannot be described by only one model. 
However, there does not seem to be a definitive case to change from the currently accepted 
linear, no-threshold model for recommendation and guideline activities. 

REFERENCE 

Cyr, W. Howard. Somatic and genetic risk estimates from human and laboratory studies: 
linear and nonlinear models. Presented at the Symposium on Biological Effects, Imaging 
Techniques, and Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, 
Maryland, June 6-8, 1979. 
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MUTAGENICITY AND SURVIVAL MODELS IN BACTERIAL SPORES 
FOLLOWING EXPOSURE TO IONIZING RADIATION 

W. Howard Cyr (Intramural) 

Several of the present indicators of radiation damage such as chromosome aberrations 
are now believed to be indicators of cell death and not mutations. The relationship between 
cell death and mutations will be studied with bacterial revertants. Bacillus subtilis mutants 
which require tryptophan and tyrosine for growth will be assayed for reversion to auxo
trophy of either or both of these two markers, and for survival. The D 3 , for survival in 
spores is five to six times greater than the D37 for vegetative Bacillus subtilis cells. How 
much does the mutation frequency change over this range of doses? Mutation frequency is 
equal to the total yield of mutations divided by the number of surviving cells. For simple 
systems, where the yield and survival are caused by single-hit events, the yield reaches a 
maximum at the D3 7 • Mathematical models for more complicated interactions have also 
been described. The mutation yield, mutation frequency, cell survival, and cell death data 
will be analyzed according to these models. (Note: This project has been modified and will 
be carried out with mammalian cells.) 

REFERENCE 

Cyr, W.H. DNA synthesis in germinating Bacillus subtilis spores following cobalt-60 
irradiation. Presented at the Sixth International Congress of Radiation Research. Tokyo, 
Japan, May 12-20, 1979. 

INVESTIGATION OF VIRAL MUTAGENESIS IN X-IRRADIATED HOST CELLS 

J.Z. Beer, Larry E. Bockstahler, C. David Lytle and C H. Lin (Intramural) 

The objective is to determine whether viral mutagenesis occurs when animal virus is 
grown in x-irradiatedJ mammalian host cells and to investigate a possibility that the viral 
mutagenesis is related to radiation enhanced viral reactivation. 

The approach is to grow Herpes simplex virus, type 1, in unirradiated and x-irradiated CV-
1 monkey kidney cells, to quantify mutagenesis by measuring the fraction of the virus 
population that becomes resistant to 5'-iododeoxycytidine; examine effect of post-exposure 
delay on mutant virus yield; and for the selected post-exposure delays, determine x-ray 
enhanced virus reactivation. 

It is well known that exposure of microorganisms to radiation and other damaging agents 
can induce error-prone DNA repair and thus enhance mutation frequency. Few and contro
versial observations have been made with respect to occurrence of similar effect in 
mammalian cells. In this study a viral probe was applied to examine proneness of DNA 
synthesis in irradiated host cells. Herpes simplex virus (HSY) type 1 was grown in 
unirradiated and x-irradiated monkey kidney (CV-O cells. It was found that viral muta
genesis may be somewhat greater in irradiated (10 Gy) cells as compared with that in unir
radiated cells, when virus infection occurs shortly (2½ h) after irradiation. No enhanced 
mutagenesis was detected if there was a 24 h delay between irradiation of host cells and 
viral infection. No significant difference between x-ray enhanced reactivation was found 
for 2½ hand 24 h infection. It is concluded that there is no direct correlation between x-ray 
enhanced reactivation and x-ray enhanced mutagenesis of unirradiated Herpes s'implex virus. 
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Beer, J.Z. Radiation-induced mutations in viruses and mammalian cells. Presented at a 
seminar in the Institute of Nuclear Research, Warsaw, Poland, March 14, 1979. 

Beer, J.Z., C.D. Lytle, C.H. Lin, and L.E. Bockstahler. Mutagenesis of a human virus in x
irradiated host cells. Presented at the Symposium on Biological Effects, Imaging Tech
niques, and Dosimetry of Ionizing Radiation. Bureau of Radiological Health, Rockville, 
Maryland, June 6-8, 1979. 

RISK ASSESSMENT OF REGULAR MEDICAL DIAGNOSTIC X RAYS--CHROMOSOME 
ABERRATIONS IN CUL TURtD CELL LINES 

Kenneth T.S. Yao and Fredericka M. Seeke (Intramural) 

Cultured in vitro cell lines derived from Chinese hamster tissues were used in the 
experiments. They were of lung, kidney, brain, and skin tissues of the animals that were 
about 3 months of age. A total of eight experiments were performed and yielded usable 
data for analysis. Each experiment was done with one to three cell lines. Two experiments 
used 200 rad dose of x rays while the other used 100 rad x-ray dose. The cells were 
processed and slides of chromosomes were made 2 to 24 hours after the x-ray exposures. 
For each cell line, some 30 to 100 cells in mitosis were observed and chromosome aberra
tions recorded. The frequency of chromosome aberrations was a function of time after 
exposure and similar in all cell lines. The cells had the highest frequency of chromosome 
aberrations (5-6 breaks per cell) at 2 hours after exposure. At 4 and 6 hours after exposure, 
chromosome aberration frequencies were greatly reduced. After 6 hours, the aberration 
frequencies remained elevated although the frequencies were still reducing slowly until 24 
hours after the x-ray exposure. · 

EFFECT OF IN UTERO X-IRRADIA TION ON MOUSE BRAIN LIPID METABOLISM 

L.R. Simmons, M.E. Stratmeyer, and T.J. Withrow (Intramural) 

This study was designed to determine if changes in the lipid component of the brain 
occur as the result of x irradiation of animals in utero. The system used is based on one 
employed by Donaldson, Wit-Peeters and Scholte (l). Schjeide et al. (2) qemonstrated 
effects on lipid components of rat brains after x irradiation at 2 days of age. It was shown 
that myelin sheaths were thinner than normal, and in some cases, missing. Normally occur
ring increases in a number of lipid fractions failed to take place .in the irradiated brains. 

Pregnant CFl mice in their 13th day of gestation are either sham-exposed or exposed to 
175 R from a 250 kVp, 15 mA x-ray unit at an exposure rate of 17.6 R per minute. The 
offspring are sacrificed at 18, 19, 20, 21, 28, 35, 42, and 49 days after from the day of 
conception which is counted as day O. After sacrifice, the brains are removed, weighed and 
homogenized in a volume of a sucrose solution based on the tissue weight. The homogenates 
are then centrifuged at 125,000 X G and aliquots of the resulting supernatant are incubated 
with medium containing i i+c-2 malonyl coenzyme A. After incubation, all reactions are 
stopped with an alcohol-KOH mixture and the samples saponified. After acidifying the 

/ saponified samples, the fatty acids are extracted with n-pentane and the radioactivity in 
these extracts is then determined using a Tri-Carb scintillation spectrometer. 
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PROGRESS: Measurement of the protein content of the supernatant resulting from centri
fugation of the homoginate shows the irradiated and control samples to be not significantly 
different at 18, 19, 20, and 21 days post conception. At 28, 35, 42, and 49 days, the 
irradiated samples consistently demonstrated lower protein content then the control sam
ples but the differences were not statistically significant. The incorporation of radioactive 
label into samples subjected to x irradiation was evaluated as a percent of their control 
samples and expressed in dpm per milligram protein contained in the incubated samples. 
Although, the irradiated samples show an apparent increase in the incorporation of the 
radioactive label, followed by a return to control levels, the results were not statistically 
significant. The results of this study are inconclusive. Continued work with this system 
would require an evaluation and modification of the protocol to reduce the variation 
between samples. 

REFERENCES 

1. Donaldson, W.E., E.M. Wit-Peeters, and H.R. Scholte. Fatty acid synthesis in rat liver: 
relative contributions of the mitochondrial microsomal and non-particulate systems. 
Biochim Biophys Acta 202:35-42 (1970). 

2. Schjeide, O.A., J. Yamasaki, K. Haack, E. Ciminelli, and C.O. Clemente. Biochemical 
and morphological aspects of radiation inhibition of myelin formation. Acta 
Radiologica; Therapy, Physics, Biology, (Stockholm) 5:185-203 (1966). 
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LIGHT RADIATION 

EPIDEMIOLOGIC STUDIES 

Since its introduction to the United States in about 1966, the use of phototherapy for 
neonatal jaundice has become widespread. However, the uncertainties relating to potential 
risks of light therapy are of substantial concern. Fundamental to the assessment of the 
risks versus benefits of phototherapy is the delineation of bilirubjn toxicity. This 
assessment is the subject of collaborative detailed analyses of data from the NIH 
Collaborative Perinatal Project. In addition, a multi-institutional clinical trial, directed by 
the National Institute of Child Health and Human Development, is currently in progress to 
determine the effects of phototherapy and its efficacy in preventing neurologic damage. 
These two studies are being conducted with participation by the Epidemiologic Studies 
Branch. In addition, a hospital survey has been conducted to determine the extent and 
pattern of use of phototherapy in this country. 

HOSPITAL SURVEY OF PHOTOTHERAPY FOR NEONATAL JAUNDICE, U.S. 1974 

Paul L. Roney and Robert Albrecht (Intramural) 

The objective of this survey is to ascertain the frequency of use, indications for use, 
modes of therapy, types of equipment, and any acute bioeffects from the use of light for the 
treatment of hyperbilirubinemia of the newborn. The survey consisted of sending question
naires to a 20 percent stratified random sample of general hospitals in the United States. 

PROGRESS: The survey has been completed. On the basis of the survey, it is estimated 
that, in 1974, 57 percent of the short-term general and maternity hospitals used photo
therapy, and that approximately 2.5 percent of newborn infants were treated. Other major 
findings are that phototherapy was used more frequently in the larger hospitals. Only 6 
percent of the hospitals using phototherapy employed it for prophylaxis. Continuous use was 
more popular than intermittent use. White lamps were the most popular, followed by blue. 
Many hospitals did not use automatic temperature controls or shields to filter ultraviolet 
light, but all used eye shields. A final report of the survey has been presented and 
submitted for publication (1). 

REFERENCE 

1. Albrecht, R.M. and P. L. Roney. Hospital survey of phototherapy for neonatal hyper
bilirubinemia. Presented at the Annual Meeting of the Society for Pediatric Research, 
Atlanta, Georgia, May 2-4, 1979. 
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CLINICAL TRIAL OF PHOTOTHERAPY FOR NEONATAL JAUNDICE 

Peter C. Scheidt and Frank E. Lundin (Intramural) 

James B. Sidbury 
National Inst_itute of Child Health and Human Development, NIH 

Bethesda, Maryland (Contract) 

The objective of this clinical trial is to determine the effects and risk/benefit ratio 
of phototherapy used for the treatment of neonatal jaundice. Under a previous interagency 
agreement, the Bureau provided support for the NICHD Clinical Trial of Phototherapy to 
conduct laboratory tests to assess changes in diffusible bilirubin resulting from photo
therapy, and to increase the size of the study by 240 su~jects. The clinical trial covers 6 
medical institutions and approximately 1,300 infants. Infants with neonatal jaundice who 
satisfied the study entrance requirements were randomly assigned to "light treatment" or 
"no treatment" groups. Infants were evaluated during the neonatal period and at -1 year of 
age. Yearly contact with each patient includes a brief history and physical examination. 
Bureau staff participates in the analysis of the data and in reporting the study results. 

PROGRESS: Pr~liminary analysis of neonatal data and results of light measurements were 
reported at an annual meeting of the Society for Pediatric Research in May 1979. Interim 
efforts to locate the study subjects have been maintained. 

Analysis of data on mortality in the first year of life showed a possible increase in the 
group that had phototherapy. New variables to assess the comparability of exposed and 
control subjects will be abstracted from clinical records and mortality data for the first 
year of life will be reanalyzed. In addition, analyses will be conducted of the light 
measurements made by the Bureau, of bilirubin badge data, and of the correlation between 
film badge readings and light measurements. 

A careful evaluation emphasizing neurosensory assessment is planned for patients as 
they reach 6 years of age. Patients in the study will be located and examined. Medical 
histories will be taken, physical measurements will be made, and detailed physical 
examinations with special emphasis on intellectual, motor, psychological, and special 
sensory functions will be performed. 

NEUROTOXICITY OF HYPERBILIRUBINEMIA (PHOTOTHERAPY) 

Frank E. Lundin (Intramural) 

The objective of this study is to determine if intermediate levels of bilirubin in the blood 
of newborn infants can cause delayed neurological damage in addition to the immediate 
brain damage known as kernicterus, and to quantify the level of bilirubin associated with the 
risk of delayed neurological damage. 

Data on 37,000 children in the-NIH Collabor~tivJ PJrinatal' Project are analyzed to 
determine the relationship between the level of hyperbilirubinemia and the results of the 1-
year, 4-year, and 7-year examinations of the study cohort. This is a collaborative project 
with the Johns Hopkins University and the National Institute of Neurological and Communi
cative Disorders and Stroke. 

PROGRESS: Findings at 1 year of life were that intermediate levels of bilirubin~mia were 
associated with impaired motor performance. The data for 4-year and 7-year examinations 
have been summarized and partially analyzed. During the 1979 fiscal year this effort was 
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unfunded. Activities consisted of two sessions to review tabulations and to plan a draft of 
the findings for publication. Additional tabulations excluding higher levels of bilirubin (20 
mg or more) have been requested for further analysis. Problems have been encountered 
because the computer programs have been lost and the programmer has left NIH. 
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EXPERIMENTAL STUDIES 

INVESTIGATION OF THE EFFECTS OF BLUE LIGHT 
PHOTOTHERAPY ON HYPERBILIRUBINEMIA 

Morris Waxler, Anthony Lamanna, Richard Felten, and Stephen Sykes (Intramural) 

The objective of this study is to determine if photo therapy for jaundice can produce 
adverse side-effects on plasma-free amino acids. Neonatal jaundice (hyperbilirubinemia) is 
often treated by exposing the neonate to blue light irradiation. Past studies in other 
laboratories have shown that this type of exposure is extremely efficient in reducing the 
concentration of bilirubin in the body. It has also been shown that the bilirubin byproducts 
of this exposure do not appear to be harmful to the neonate. However, little research has 
been performed on whether or not this exposure could, itself, cause harmful side effects to 
the neonate. We, therefore, propose to investigate the effect of exposing Gunn rat plasma 
for 24 hours to blue light and then to analyze the exposed and control samples for possible 
effects on the plasma-free amino acids. 

We had previously shown that broad spectrum fluorescent light irradiation of plasma 
produced decreases in some plasma-free amino acids. Blue light exposures are used in the 
same manner as the broad spectrum fluorescent for phototherapy. Therefore, we again took 
plasma from Gunn rat whole blood and exposed the plasma for 24 hours to blue light irradia
tion (0.5 W/m 2). Some of the plasma samples were placed under a UF3 filter, thus 
receiving the blue light without any UV being present. Analysis of these samples for 
changes in free amino acids showed that blue light, with or without UV present, resulted in 
decreases in free cystine of 8 to 25 percent in heterozygote samples and of 28 to 52 _percent 
in the homozygote samples. These decreases were similar to those observed with broad 
spectrum fluorescent exposures. With the blue light we did not observe changes in orni
thine, lysine, or phenylalanine as was previously reported, but changes in histidine and 
argenine were observed with the blue light exposure. 

STUDY OF THE EFFECTS OF BROAD SPECTRUM FLUORESCENT 
LIGHT PHOTOTHERAPY ON HYPERBILIRUBINEMIA 

Richard Felten, Anthony Lamanna, Morris Waxler, and Stephen Sykes (Intramural) 

The objective of this study is to examine plasma obtained from naturally occurring 
jaundiced rat blood (Gunn rat) for possible harmful effects following exposure of the plasma 
to phototherapy light irradiation. Although extensive efforts have gone into the study of 
possible harmful effects of degraded bilirubin following such exposures, little or no effort 
has been expended on possible harmful effects of the exposure itself. 

Whole blood was removed from heterozygote and homozygote Gunn rats by cardiac 
puncture. The plasma, obtained by centrifuging the whole blood, was exposed for 24 hours 
to broad spectrum fluorescent light with an irradiance of 15.5 W /m 2 • This irradiation was 
very similar to that used for neonatal hyperbilirubinemia phototherapy. The deprotcinized, 
defatted plasma was analyzed for changes in free amino acid concentration, using a 
Beckman 121M Amino Acid Analyzer. It was found that such exposure of Gunn rat, as well 
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as human blood plasma, resulted in a reduction of free cystine concentrations of 20 to 45 
percent. It was also observed that the free amino acids ornithine, lysine, and phenylalanine 
decreased 13 to 20 percent in homozygote plasma which contains high bilirubin concen
tration. 

REFERENCE 

Sykes, S.M., R.P. Felten, A. Lamanna, and M. Waxler. The effects of visible light on the 
concentrations of free amino in blood plasma. Presentation at the Annual Meeting of the 
American Society for Photobiology, Asilomar Conference Grounds, Pacific Grove, 
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MORPHOLOGICAL EFFECTS OF VISIBLE LIGHT ON THE MONKEY RETINA 

Stephen Sykes and Morris Waxler (Intramural) 
W. Robison, Jr. and T. Kuwabara, National Eye Institute, NIH, Bethesda, Maryland 

The objective is to determine the morphological effects of fluorescent light on the 
monkey retina. Considerable experimental evidence attests to the high vulnerability of the 
retina of albino rats to visible light. In order to evaluate the possible hazard of human 
exposure from broad spectrum sources, monkeys were irradiated with daylight fluorescent 
light and subsequently analyzed for retinal damage. Electron microscopic examination of 
the retinas of adult pigtail and stumptail monkeys sacrificed 24 hours after the onset of a 12-
hour exposure revealed the initial site of damage to be the photoreceptor outer segments. 

Damage remained restricted to the outer segments at intensities as high as 2,300 ft. ed. 
Rods appeared swollen at the distal tip and showed disc membrane separation. Cone outer 
segments were affected at the proximal end with vesiculation and membrane rearrange
ment. The threshold intensity for morphological changes to cone in the macula for a 12-
hour exposure was between 189 W /cm 2 and 342 W /cm 2 at the retina (uncorrected for ocu
lar transmittance), while the threshold for changes in rods was higher, at between 342 
W/cm 2 and 585 W/cm 2

• These levels correspond to between 500 and 1,000 ft. ed. for 
cones and 1,000 to 18,000 ft. ed. for rods in monkeys with fully dilated pupils. The 
paramacular areas of the retina were less sensitive to damage than macular areas in the 
same animal. There were no paramacular changes in animals exposed to less than 1,800 ft. 
ed. The control eyes of each monkey remained structurally normal in both the macula and 
paramacula at all exposure levels. These demonstrate the sensitivity of the adult primate 
to damage by fluorescent light. 
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LIGHT-INDUCED RETINAL DAMAGE. I. MORPHOLOGICAL EFFECTS IN RATS 

Stephen Sykes (Intramural) 

The objective is to determine the morphological effects of visible light on the rat retina. 
The vulnerability of the retina to visible light is well documented. Preliminary evidence of 
the effects of light on the monkey retina has suggested that the human retina may be vul
nerable to damage from light at levels near those routinely encountered. In order to be able 
to evaluate fully the potential hazards associated with light exposure, a series of experi
ments was initiated to clarify the processes by which light damages the retina. The albino 
rat was chosen as a suitable small animal model because its retina responds morphologically 
to light exposure in a manner similar to that of the monkey retina. Twenty-one albino rats 
were irradiated in groups of three to 50 ft. ed. of cool-white fluorescent light 12 hours a day 
for 0, 4, 7, 15, 24, 33, or 49 days and examined for retinal damage using light and electron 
microscopy. Samples removed from an area l to 2 mm from the center of the optic disc in 
the inferior nasal quadrant exhibited abnormal vesiculation in the photoreceptor outer 
segments at 4 days, which reached a maximum of approximately 50 percent of the length of 
the outer segment at 7 days. Measurements of the thickness of the bacillary layer revealed 
a progressive decrease with light exposure that correlated with a loss of photoreceptor 
nuclei beginning at 7 days. The photoreceptor outer segments began to disconnect from 
their inner segments at 24 days. By 49 days the bacillary layer contained no recognizable 
photoreceptors and the outer nuclear layer was only 1 to 2 cells thick. These changes were 
interpreted to indicate the existence of at least two separate sites of damage initiation. 

LIGHT-INDUCED RETINAL DAMAGE. II. EFFECTS OF DIETARY VITAMIN E 

Stephen Sykes (Intramural) 
W. Robison, Jr., National Eye Institute, NIH, Bethesda, Maryland 

The objective is to determine if vitamin E protects against retinal damage by light. In 
the continuing investigation of the processes by which visible light damages the retina, 
albino rats with differing levels of vitamin E in their diets were irradiated with light to 
determine the role of lipid peroxidation in the degenerative process. Weanling male albino 
rats were fed one of three diets differing only in their vitamin E content (from O mg to 250 
mg dl-alpha-tocopheral acetate/kg. diet), and after three weeks were exposed to 50 ft. ed. 
of cool-white fluorescent light for varying periods of time. Retinas were analyzed morpho
logically by light and electron microscopy. Indicators of retinal damage, including the 
thickness of the bacillary layer and outer nuclear layer as well as counts of photoreceptor 
nuclei/200um of retina, did not reveal any statistically significant differences between the 
groups after either 4, 15, or 24 days of 12 hour exposures. However, ultrastructural analysis 
of photoreceptor outer segments after 24 days of such exposure suggested a difference 
between groups in the amount of light-induced vesiculation. These data suggest the possible 
action of lipid peroxidation in the light damage process, which might be demonstrated con
clusively after a longer period of dietary conditioning prior to exposure. In addition, the 
role of glutathione peroxidase should be tested along with vitamin E, as the two act in 
concert to protect against lipid peroxidation. ' ' 1 
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THE EFFECTS OF LIGHT ON RETINAL DEGENERATION INDUCED BY 
AVITAMINOSIS E 

Stephen Sykes (Intramural) 

The objective is to determine if light aggravates the retinal degeneration induced by a 
dietary deficiency of vitamin E. There is a subpopulation within the United States that is 
deprived of vitamin A (because of dietary insufficiencies) that develops night blindness and 
eventual retinal degeneration. Recent experimental evidence has shown that vitamin E 
deficiency aggravates this condition, possibly as a direct result of antioxidant protection 
afforded by vitamin E. Since retinal damage by visible light is thought to be the result of 
oxidation reactions (lipid peroxidation), the possibility exists that light exposure may 
accelerate the retinal degeneration resulting from vitamin E deprivation. To evaluate this 
hypothesis, 26 weanling albino rats were divided into two groups, one fed a normal amount 
of vitamin E and the other deprived of vitamin E, and raised in either normal room light or 
complete darkness. Twelve animals will be sacrificed after 5, 8, and 12 months and their 
retinas will be analyzed morphologically for differences in retinal degeneration associated 
with differences in the amount of vitamin E in their diet. To date the animals in the 5-
month group have been sacrificed and their retinas processed for light, electron, and 
fluorescence microscopy. Microscopy will be performed after all the animals have been 
sacrificed, and data will be compiled at that time. 

VISUAL CONSEQUENCES OF DAMAGE TO THE RETINA 
FROM BROAD SPECTRUM LIGHT 

Morris Waxler (Intramural) 

The objective of this study is to determine if excessive exposure of the pigeon retina to 
light results in impaired vision of forms. The retina of the pigeon, monkey, man, or rat has 
been damaged by excessive exposure to light from extended sources. However, loss of 
pattern vision has not been observed following these light-induced changes. 

Pigeons are diurnal mammals with fine pattern vision. They can be trained to discrimi
nate difficult visual forms. Pigeons were trained to discriminate patterns constructed on 
the basis of "information theory" rules. Thresholds for detection of these forms were 
determined before and after damage of the retina by excessive exposure to light. 

Deficits in the detection of difficult visual forms have been found. Forms must be 
brighter in order to discriminate between them after excessive exposure to light. 

EFFECTS OF UL TR A VIOLET RADIATION ON IN VITRO POLYMERIZATION 
OF MICROTUBULAR PROTEIN 

Terry G. Zaremba (Intramural) 

The objectives are to obtain a dose-response curve for the inactivation of microtubular 
protein by 280 nm ultraviolet radiation, and to purify the major protein, tubulin, from the 
heterogeneous microtubular protein mixture in order to produce antibody in rabbits. 
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Microtubular protein isolated from calf brains was exposed to different doses of 280 nm 
UV radiation using a monochromator and the extent of polymerization was measured by tur
bidity development. The amount of turbidity development of control, unirradiated samples 
was monitored at the same time. Two basic fractionation methods tested in the purification 
of tubulin were phosphocellulose chromatography and preparative SOS-polyacrylamide gel 
electrophoresis (SOS-PAGE). The purified protein was injected into rabbits over a 4-week 
period in order to obtain immune serum. 

PROGRESS: A biphasic dose-response curve was obtained by plotting the log of the percent 
of control (extent pf polymerization) versus the dose of UV radiation. The fast component 
was obtained in the dose range of O to 100 J /m 2 and the slow component in the 100 to 2 500 
J/m 2 dose range. The purity of the tubulin obtained was about the same with either phos
phocellulose chromatography or SOS-PAGE. Neither method removed all of the impurities 
but the tubulin obtained was judged to be about 90 percent pure. The phosphocellulose 
method, however, was more rapid, required less preparation, and gave a better yield of 
protein. This preparation was used to inject rabbits for the production of immune serum. 

TRANSFORMATION OF 3T3 CELLS BY ARTIFICIAL LIGHT SOURCES 

Thomas J. Withrow (Intramural) 

The objective is to evaluate several artificial light sources for carcinogenic potential by 
means of an in vitro test system. These light sources will be studied for their toxic ef feet 
on cells, and for their effect on direct transformation and on the enhancement of viral 
transformation of cells in culture. The criterion for transformation will be the ability of 
the cells to grow in agar, which correlates well with the ability of the cells to produce 
tumors when injected into the appropriate host. Mouse (3T3) cells will be used for the 
direct transformation and 3T3 cells with SV-40 virus will be used for the enhanced trans
formation. Cells will be exposed to a light source, or a light source plus virus, grown in 
culture for one week to allow for expression, and tested for the ability to grow in agar. 

PROGRESS: Experiments with two light sources (germicidal UV lamp and sunlamp) have 
been concluded, the data analyzed, written up, and .submitted for publication. The data 
showed that both lamps induced the transformation of 3T3 cells, and enhanced viral trans
formation of the cells. The combination of light plus virus was shown to be synergistic for 
transformation, rather than simply additive. 
REFERENCE 
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WAVELENGTH DEPENDENCE OF UV LIGHT-INDUCED MORPHOLOGICAL 
TRANSFORMATION AND THYMINE DIMER FORMATION 

IN SYRIAN HAMSTER CELLS 

E. D. Jacobson and K. Krell {Intramural) 
_J. Doniger and J. Di Paolo 

National Cancer Institute, NIH, Bethesda, Maryland 

Ultraviolet light from UV fluorescent lamps has been shown to morphologically 
transform Syrian hamster cells. The objective of this project is to determine the 
wavelength dependence of UV-induced morphological transformation and to determine 
whether the action spectrum of this transforming potential is related to the action spectrum 
for the induction of pyrimidine dimers. The Syrian hamster transformation assay has been 
described (1) as well as the assay for thymine dimer formation (2). 

Culture of the cells and all exposures will be done at the Bureau of Radiological Health, 
with primary cells and culture medium to be supplied by the National Cancer Institute. 
Plates will be stained at BRH; then analyzed for transformants at NCI. Cells to be assayed 
for thymine dimers will be labeled with l 4C, exposed, and frozen at BRH, then shipped 
frozen to NCI for biochemical analysis. 

PROGRESS: Experiments for all wavelengths to be done except the critical wavelength of 
313 nm have been completed. The long exposure times at 313 nm will necessitate some 
changes in the exposure regimen. 
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by polycyclic hydrocarbons: factors influencing the number of cells transformed. 
Nature, New Biology 230:240-242 (1971). 

2. Paterson, M.C. Use of purified lesion-recognizing enzymes in vivo. Advances in 
Radiation Biology 7: 1-53 (1978). 

WAVELENGTH DEPENDENCE OF LATENT TUMOR 
VIRUS ACTIVATION BY LIGHT 

Larry E. Bockstahler (Intramural project officer) 

Thomas P. Coohill 
Western Kentucky University 

Bowling Green, Kentucky (Contract) 

The objective is to determine the action spectra for activation of SV40 tumor virus from 
mammalian cells by light plus a photosensitizing drug (8-methoxypsoralen) and to perform 
related wavelength dependence experiments. The work includes the determination of action 
spectra of UV enhanced reactivation for irradiated Herpes simplex virus with wavelength of 
UV radiation to virus as variable, and measurement of action spectra for inactivation of 
several light sensitive human cell lines. These studies involve normal and light sensitive 
human and other mammalian cells, and the examination of wavelengths in the near UV, far 
UV and visible regions of the light spectrum. Synergistic effects of photosensitizing drug 
and light radiation will be examined. 

24 



The approach used was to maintain the appropriate mammalian cell cultures needed for 
the investigation; measure the wavelength dependence of SV40 tumor virus activation from 
SV40-transformed hamster cells by UV plus psoralen; measure the wavelength dependence of 
light enhanced reactivation of irradiated Herpes simplex virus in CV-1 monkey kidney cells, 
varying the wavelength of UV to the virus; obtain wavelength dependence data on the sur
vival of three light sensitive human cell lines; and obtain dose response data for the above 
biological endpoints. 

PROGRESS: An action spectrum was obtained for the effect of UV radiation on the ability 
of a line of mammalian cells (CV-1 monkey kidney cells) to reactivate a UV-irradiated 
mammalian virus (Herpes simplex virus). The shape of the action spectrum for this UV 
enhanced reactivation points to a combined nucleic acid-protein target for the UV radiation 
effects. The quantity of UV enhanced reactivation of herpes virus was found to vary with 
cell culture passage number. Preliminary data was obtained on the action spectrum of UV 
enhanced reactivation of herpes virus with wavelength of UV radiation to the virus varied. 

Data obtained on the wavelength dependence of induction of SV40 tumor virus from SV40-
transformed hamster cells by UV alone showed that the most effective wavelength was 265 
nm as compared with several other wavelengths in the far and UV spectrum. Virus induction 
was observed at wavelengths up to 300 nm. A useful fluorescent antibody technique for 
detection of induced virus was developed. 
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IN VITRO PHOTODYNAMIC INDUCTION 
OF ONCOGENIC VIRUS 

Larry E. Bockstahler and Janet M. Cantwell (Int~amural) 

The objective is to determine whether or not a latent tumor virus can be induced from 
-nammalian cells by photodynamic treatment. 
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The approach was to use an inducible line of Simian virus 40-transformed hamster kidney 
cells, to treat the cells with proflavine plus visible light and to assay for SV40 induction. 

PROGRESS: Photodynamic induction of SV40 has been demonstrated. The effect of varying 
several of the experimental parameters is under investigation. 

Infectious Simian virus 40 was induced from SV40-transformed hamster kidney cells by 
treatment with proflavine and visible fluorescent light. The optimum levels of SV40 induced 
were about three orders of magnitude above spontaneous background levels observed with 
untreated cells. No virus induction above background levels was found by treatment of cells 
with either proflavine or light alone. This research supports the idea that one risk of 
clinical photodynamic therapy for Herpes simplex virus might be induction of possible latent 
tumor virus, if harbored in infected or surrounding uninfected cells of patients. The effect 
of varying several of the experimental parameters including light exposure, proflavine 
concentration, proflavine incubation time and virus harvest time is presently under 
investigation. 
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REPAIR INDUCED IN IRRADIATED MAMMALIAN CELLS 

C. David Lytle (Intramural) 

The objective is to determine whether enhanced virus reactivation is error-prone, that is 
mutagenic. The survival of UV-irradiated virus is enhanced in pre-irradiated host mam
malian cells. This radiation-enhanced reactivation of UV-irradiated virus appears to be an 
example of "SOS" function in mammalian cells. The test system consists of Herpes simplex 
virus, CV-I (TC?) African green monkey kidney cells and ultraviolet radiation. The pro
cedure consists of growing irradiated and unirradiated virus in irradiated or unirradiated 
cells. The cells and virus are .irradiated separately. The virus stocks thus produced are then 
assayed for the fraction capable of growing in the presence of iododeoxycytidine (ICdR). 
The virus fraction mutated to ICdR resistance is used as the measure of mutation which 
occurred during the experimental virus growth. Mutation will be determined for growth 
conditions of no radiation, normal host cell reactivation, UV-enhanced reactivation and, if 
necessary, multiplicity reactivation. 

The study has been completed. The mutation detection .system was developed, charac
terized and used to quantitate the mutagenesis which occurred in the study. Repair 
processes were easily shown for host cell reactivation, multiplicity reactivation and 
enhanced virus reactivation. The latter two processes, in addition to host cell reactivation 
were apparently competitive and approximately equal in extent. The infectious center 
assay gave results in good agreement with those from confluent monolayers, but with 
slightly lower levels of repair. Unirradiated virus was mutated in irradiated cells (10 J/m 2 ) 
with a 40 percent increase over the control level. The irradiated virus (1 percent survival) 
was mutated as a result of the virus being irradiated. Cell irradiation (which yielded 
enhanced virus reactivation) or the use of high virus multiplicity of infection (yielding 
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multiplicity reactivation) had no effect on viral mutagenesis, unless they occurred concur
rently (approx. 50 percent increase). Therefore, this study did not provide evidence of 
enhanced virus reactivation or multiplicity reactivation being error-prone or error-free. 

FITNESS OF MAMMALIAN SOMA TIC CELL MUTANTS 

E. D. Jacobson, M. J. Dempsey, and J. Z. Beer (Intramural) 

The objective of this study is to examine fitness (defined as reproductive success of one 
phenotype as opposed to other alternative phenotypes) of mutant mammalian cells under 
conditions of in vitro culture. 

The approach used is to compare proliferative activity of mutant murine lymphoma 
L5178Y cells with that of the wild-type original strain. Using the data obtained, conclusions 
are to be confirmed in experiments with mixed mutant: wild-type cell populations leading 
to elimination of the less fit component subpopulation as a result of selection (outgrowing). 

PROGRESS: On the basis of superficial observations, several authors reported that mutant 
mammalian cells do not show any significant difference in fitness (defined as reproductive 
success of one phenotype as opposed to another alternative phenotype, measured by in vitro 
growth rate) when compared with the original, wild-type cells. However, observations on 
the development of irradiated cell populations (1) and of some mutant cells (2) indicate that 
mutant mammalian cells may be less fit than the wild-type cells. In order to gain more 
information, in vitro proliferation of five mutants of L5178Y cells showing enhanced resis
tance to 5'-bromodeoxyuridine was compared with that of the wild-type strain. It was found 
that only one of the mutants showed almost normal fitness, while four others showed pro
liferative activity reduced to different extents. Examination of phenotype (51

-

bromodeoxyuridine resistance) of the mutant: wild type mixed cell populations, and of the 
changes of phenotype during the development of such populations, confirmed the above , 
conclusions. 
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WAVELENGTH DEPENDENCE OF CELL KILLING AND MUTAGENESIS 
IN L5178Y MOUSE LYMPHOMA CELLS 

E. D. Jacobson, K. Krell, and M. J. Dempsey (Intramural) 

Unfiltered radiation from a variety of broad spectrum fluorescent light sources is both 
toxic and mutagenic to L5178Y mouse lymphoma cells (1). The objective of ,this project is 
to determine the wavelength dependence of both cell killing and mutagenesis (a) by using 
filters to determine the active wavelength regions, and (b) by exposing the cells to 
monochromatic light to determine the action spectra for toxicity and mutagenicity within 
these regions. The L5178Y assay system has been described (ibid). 
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PROGRESS: Filtration experiments implicated the UV-near UV regions of the spectrum as 
those responsible for the toxic and mutagenic effects of broad spectrum radiation from 
fluorescent lamps (2). Wavelength dependence for UV-induced cell killing and mutagenicity 
has been determined (3). 
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MUTAGENIC EFFECTS ON L5178Y MOUSE LYMPHOMA CELLS 
BY GROWTH IN ETHYLENE OXIDE STERILIZED PLASTIC, 

INCLUDING PLASTICS OF MEDICAL IMPORTANCE 

E. D. Jacobson, K. Krell, and K. Selby (Intramural) 
A. Brown, Bureau of Medical Devices, FDA 

This short study results from an observation made after culture of L5178Y cells in 
ethylene oxide (EO)-sterilized plastic shake flasks during radiation studies: cells cultured in 
EC-sterilized plastic showed a significant increase in the background mutation frequency 
compared to control cells. The object of this study is to confirm this result, and then look 
at other plastics of medical importance (that are routinely sterilized with EO) to see if EO
sterilization treatment of these plastics will lead to increased background levels of muta
tion in the L5178Y mutagen assay system. Use of this system in our laboratory has been 
described (1). 

PROGRESS: The original observation (2) that growth of L5178Y cells in shake flasks 
sterilized with EO led to increased background mutation levels was confirmed and extended 
to several plastics of medical importance (3). 
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mutation frequency due to ethylene oxide absorbed to plastics. In Vitro 15:220 (1979). 

28 



UV LIGHT-INDUCED MUTAGENESIS IN TWO L5178Y CELL LINES 
DIFFERING IN THE PRESENCE OF CAFFEINE-INHIBIT ABLE 

REPAIR OF DNA 

E. D. Jacobson, J. 'Z. Beer, and K. D. Krell (Intramural) 

The objective of this study is to study possible relationships between UV-induced cell 
lethality and mutagenicity and their dependence on the presence of caffeine-inhibitable post 
replication DNA repair, and to determine whether repair capacity can be transferred from 
repair proficient to repair deficient cells. 

UV survival and induced mutation frequency relationships will be determined for L5178Y
and L5178Y-S cells which are known to differ in OV sensitivity and post UV exposure post 
replication DNA repair. 6-Thioguanine resistance will be used as the mutational marker. 
The same determinations will be performed with presence of 0.75 mM caffeine, a concen
tration known to sensitize only L5178Y-S cells to UV light and to block post-replication 
DNA repair. 

PROGRESS: L5178Y-S and L5178Y-R cells were found to differ with respect to caffeine
inhibitable post-replication DNA repair (1). Post replication DNA repair-deficient L5178Y
R cells are markedly more sensitive to UV light than the post-replication repair proficient 
L5178Y-S cells. A pronounced difference was found in the spontaneous mutation fre
quencies of the two cell lines, L5 l 78 Y-S cells having an unusually low spontaneous 
frequency. 

REFERENCE 

1. Walicka, M., I. Korner, W. Malz and J.Z. Beer. The effect of caffeine on post
replication repair and survival in two L5178Y cell lines with different sensitivities to 
UV irradiation. Mutat Res 52:265-272 (1978). 

INTERACTIONS BETWEEN EFFECTS OF LIGHT AND CHEMICAL 
AGENTS ON INDUCTION OF LATENT TUMOR VIRUSES 

Kiki B. Hellman (Intramural) 

The objective of this study is to determine the dose response for UV induction of latent 
mammalian type C RNA tumor virus; compare UV induction to induction by certain chemi
cals; examine interactions between light radiation and chemicals, as well as radiation and 
biological agents such as herpes viruses in induction; and determine effects of certain 
agents on radiation and chemical induction of type C virus. Since murine type C viruses 
have been studied extensively, they provide a good system for quantitatively investigating 
induction of such viruses. 

PROGRESS: Results from this study have shown that induction of endogenous latent type C 
RNA virus occurred following exposure of mouse cells to UV radiation. Irradiation of Al-2 
cells, derived from the BALB/c mouse induced endogenous xenotropic type C virus as deter
mined by infectious center focus-forming assay on normal rat kidney cells. Viral induction 
by UV was compared to that for the halogenated pyrimidines, 5-iodo-2-deoxyuridine (IdU) 
and 5-bromo-2-deoxyuridine (BdU). Although the fraction of Al-2 cells induced to release 
virus by UV (0.17 percent) was less than that observed for IdU (3.0 percent) and BdU 
(0.46 percent), use of the sensitive infectious center assay demonstrated reproducible UV 
induction. Dose-response studies showed that the level of viral induction by UV was 
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dependent upon cellular UV exposure. Study of Al-2 cell survival following irradiation 
showed that optimum viral induction occurred at a UV exposure corresponding to the edge 
of the shoulder of the survival curve, suggesting that UV sensitivity of the host cell may be 
a factor limiting the level of induction. Since less radiation was required for viral induction 
than for inactivation of colony-forming ability, viral induction may be a more sensitive 
dosimeter of in vitro UV bioeffects than cell survival for this system. 

Experiments from this study also showed that UV-irradiated Herpes simplex virus (UV
HSV) induced endogenous, xenotropic type C virus. The number of cells induced to release 
virus by UV-HSY was dependent on the level of UV exposure received by the HSY. Optimal 
induction occurred in exponentially growing cells. Inhibitors of DNA and RNA synthesis, 
hydroxyurea and actinomycin D, respectively, decreased induction. This suggests that both 
DNA and RNA synthesis are required for UV-HSY induction of murine type C virus. Hydroxy
urea decreased induction in the first few hours after UV-HSY infection, suggesting that the 
biological events involving DNA syntheses that are required for induction by UV-HSY occur 
shortly after infection. The ability of UV-HSY to induce type C virus from mouse cells 
suggests a cocarcinogenic function for HSY, with type C virus the agent responsible for 
carcinogenesis in some systems. 

Since dye-light (proflavine plus visible light) treated HSY (PD-HSY), as well as UV-HSY 
can transform mammalian cells, experiments were conducted to determine whether PD-HSY 
could also induce type C virus. The results show that type C virus was induced at all light 
exposures tested. These data suggest one mechanism by which such treatment, when 
applied chemically for herpetic infections, could be potentially carcinogenic. 

In order to obtain information which might lead to elucidation of mechanisms involved in 
radiation, chemical and biological induction of type C virus, the effect of different agents 
on such induction was studied. Caffeine, a DNA repair inhibitor, influenced the level of 
viral induction by UV and IdU, but did not appreciably affect cellular capacity to replicate 
exogenous type C virus. Thus, viral induction by UV and IdU is caffeine sensitive. Experi
ments also showed that the protease inhibitors, antipain and leupeptin, decreased the level 
of viral induction normally observed after optimal exposure to IdU or UV-HSY. Antipain 
was more suppressive than leupeptin. Concentrations of antipain that decreased induction 
had no discernible effect on Al-2 cell growth and viability, cellular RNA, DNA and protein 
synthesis, or capacity of Al-2 cells to support helper virus replication upon exogenous 
infection_. This suggests that, in mammalian cells, antipain may act in a manner similar to 
that suggested for lambda prophage induction in E. coli, i.e., by inhibiting viral gene 
derepression normally occurring after exposure to inducing agents. 
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DETERMINING THE WAVELENGTH DEPENDENT RELATIONSHIP 
BETWEEN LIGHT-INDUCED SISTER CHROMATID EXCHANGE (SCE) 

AND MUTAGENESIS IN INDIAN MUNTJAC CELLS 

Maria H. Lugo (Intramural) 

The objective of this study. is to determine whether a correlation between Sister 
Chromatid Exchange (SCE) induction and mutation induction exists. This will be done by 
quantifying the ultraviolet light induction of SCE's in parallel with the induction of 
mutatations at the hypoxanthine guanine phosphoribosyl transferase (HG PR T) locus in 
Indian muntjac cells. · Very little evidence supports the relation of SC E's to mutations, yet 
SCE testing is currently being used as a simple and sensitive quantitative assay for 
screening mutagens. Indian muntjac cells were chosen because (l) they have a diploid 
chromosome number of 7, and (2) their chromosomes are morphologically distinguishable, 
thus facilitating SCE screening. Successful development of both SCE and HGPRT assays has 
to be accomplished with these cells. 

PROGRESS: The HGPRT mutation assay has been successfully developed. The following 
experiments have been carried out: determination of (a) growth properties and plating 
efficiency, (b) 6TG toxicity, (c) effect of irradiation from a germicidal UV lamp and with 
254 nm monochromatic light on cell survival, (d) expression time, and (e) spontaneous muta
tion frequency. 

The procedure for visualization of SCE's in Indian muntjac cells has been successfully 
developed and the spontaneous SCE frequency has been determined. 

SERUM IS NOT NECESSARY FOR HOST CELL REACTIVATION 
OF UV-IRRADIATED HERPES VIRUS 

C. D. Lytle (Intramural) 

The objer:tive is to determine whether serum affects host cell reactivation in 
mammalian cells. 

It has been previously reported that cell culture conditions which promote cell growth 
also promote higher levels of host cell reactivation of UV-irradiated Herpes simplex virus in 
several different mammalian cell lines. These conditions include lack of contact inhibition 
and use of fresh mediur,n. On the other hand, cell culture conditions which inhibit cell 
growth such as contact inhibition, use of depleted (used) medium, or use of cell growth inhi
bitors such as caffeine or harmane suppress the level of host cell reactivation. Cell growth 
is known to be strongly controlled by serum. Therefore, this study was conducted to deter
mine if the presence of fresh serum was necessary for host cell reactivation of UV
irradiated Herpes simplex virus in CV-1 monkey kidney cells. 

The macro-plaque (MP) strain of HSV Type 1 was used. Original virus stock preparation 
and plaque assay conditions have been described. For virus absorption/infection 1 ml of 
virus suspension was used per 10 6 cells. 

The subclone TC-7 of CV-1 African green monkey kidney cells was grown in Eagle's 
minimal essential medium supplemented to give two-fold concentrations of essential amino 
acids and vitamins plus 10 percent fetal bovine serum (GIBCO) and 4 mM L-glutamine. 
Medium on experimental cultures also contained 100 units/ml each of penicillin and strep
tomycin. Cultures were used for experiments when they reached minimal confluence (early 
plateau phase growth) in 25 cm 2 plastic T-flasks. 
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The source of UV radiation was a germicidal lamp (emission primarily at 254 nm). Virus 
irradiation procedures and dosimetric procedures have been described. 

PROGRESS: Survival curves of UV-irradiated virus were determined in CV-1 cells where 
fresh culture medium, which either totally lacked or contained 10 percent fresh fetal 
bovine serum, was added to the infected cultures immediately after the virus adsorption 
period. The results indicated no appreciable differences in virus survival whether or not 
serum was present. Thus, fresh serum had little, if any, effect on host cell reactivation for 
this virus-host cell system. 

This result indicates that the previous finding (that depleted medium suppressed host cell 
reactivation) was not a result of lack of nutritive serum. Two other possibilities seem likely 
as alternative explanations; i.e., either the depleted medium lacked some other component 
which was necessary for host cell reactivation, or the depleted medium contained some 
metabolic product which inhibited host cell reactivation. There is no data at present to 
facilitate choosing between these two possibilities. 
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RADIOFREQUENCY/MICROWA VE RADIATION 

EPIDEMIOLOGIC STUDIES 

The biological effects of exposure to radiofrequency/microwave (RF/MW) radiation are 
not well understood. While thermal effects are accepted, other possibly adverse effects are 
less clear. Among the hypothesized adverse effects are behavioral changes, retarded 
growth and development, nervous system effects, and possible reproductive effects. Two 
ongoing epidemiologic studies are concerned with groups occupationally exposed to RF/MW 
radiation. One group consists of men exposed to radar in the course of their occupational 
assignments in the Navy. A second group is comprised of men exposed to RF/MW radiation 
in the course of their work as physical therapists. 

MICROWAVE RADIATION EFFECTS - OCCUPATIONAL EXPOSURE TO RADAR 

Charlotte Silverman (Intramural) 

C.D. Robinette, National Academy of Sciences, Washington, D.C. (Contract) 

The objective is to study the effects on human health of occupational experience with 
microwave radiation (radar). This is an epidemiologic cohort study of U.S. enlisted Naval 
personnel who served during the Korean conflict period 19 50-19 54-. The retired records of 
Naval technical schools were used to construct the study population of approximately 20,000 
men with maximum opportunity for exposure (electronic equipment repair) and 20,000 with 
minimum potential for exposure (equipment operation). Potential exposure was assessed in 
terms of occupational duties, length of time in occupation, and power of equipment at the 
time of exposure. Actual exposure to members of each cohort could not be established. 
Mortality by cause of death, hospitalization during military service, later hospitalization in 
Veterans Administration (VA) facilities, and VA disability compensation were the health 
indexes studied, largely through the use of automated record systems. 

PROGRESS: A final · report was submitted December 1978. No adverse effects were 
detected in the indexes studied that could be attributed to potential microwave radiation 
exposures during the 19 50 to 19 54- period. A manuscript was accepted in September 1979 
for publication in the American Journal of Epidemiology. 
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RELATIONSHIP OF EXPOSURE TO RADIOFREQUENCY ENERGY AND SELECTED REPRODUCTIVE AND HEAL TH FACTORS 

Helen C. Chase (Intramural) 

Jeanne Stellman, American Health Foundation, New York, N.Y. (Contract) 

The objective of this contract study is to evaluate the association between low-level exposure of fathers to radiofrequency energy and the incidence of birth defects, particularly clubfoot; among their offspring. In addition, the relationship of such exposure to fertility, pregnancy outcome among their wives, and the incidence of illnesses and symptoms purportedly related to radiofrequency exposure will be assessed. Information is obtained by means of a retrospective mail survey of about 5,000 male physical therapists who are members of the American Physical Therapy Association. Respondents will be divided into two groups, those with occupational exposure to radiowaves, and a comparison group without such exposure. Data on exposure, and work, family, reproductive, and medical histories have been included. 

PROGRESS: The survey data have been collected. Data are being analyzed and reports are in preparation. 

: 
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EXPERIMENTAL STUDIES 

EFFECTS OF LONG-TERM LOW-LEVEL MICROWAVE EXPOSURE 
ON CONDITIONED REFLEXES 

W.W. Henton (Intramural) 

The objective of the study is to use Russian behavioral conditioning and exposure 

procedures in an attempt to replicate behavioral effects of chronic microwave exposure. 

Continuing reports in USSR scientific literature describe a variety of biological effects of 

chronic exposure to low-level microwave radiation. The Soviet reports include substantial 

changes in conditioned reflexes following 3 to 4 months of low-level microwave exposure. 

Subjects (mice) will be trained using a delay classical conditioning procedure, and then 

subdivided into microwave exposed and sham exposed groups. The experimental group will 

be exposed to low-level microwave radiation (l0mW/cm2, 2450 MHz) for 15 hours per day, 

5 days per week. Sham-exposed subjects will be similarly treated but without microwave 

exposure. Radiation will continue for 4 months, with all subjects tested for stability of 

conditioned ref lex es 5 days per week. 

PROGRESS: The first baseline phase of experiment was completed between April 5 and 

July 9, 1979, with 12 subjects trained on conditioned reflex procedure. The second phase of 

microwave exposure began on July 10, but the experiment was aborted on July 20, 1979, 

because of repeated failure of the anechoic exposure facility. There are no current plans to 

repeat the experiment. 

THE EFFECT OF PRENATAL MICROWAVE EXPOSURE ON THE DEVELOPMENT OF 
BEHAVIORAL RESPONSES IN THE MOUSE . 

John C. Monahan (Intramural) 

The objective of this study is to provide information on the effect of in utero microwave 

exposure on postnatal development. The developing organism (and especially the CNS) have 

been shown to be sensitive to a wide variety of physical and chemical agents. This study is 

designed to examine potential subtle, prenatal changes in the CNS resulting from low-level 

microwave exposure by measuring functional behavioral alterations in the newborn. 

Time-mated female mice will be assigned to either sham-exposed or exposed groups. On 

gestation days 7 through 17, the pregnant mothers will be exposed to 2450 MHz CW radia

tion for 3 hours. Exposure levels will be 0 or l 0 mW/ cm 2 • Following the course of 

irradiations, all mice will be allowed to deliver normally and pups will be maintained with 

their natural mother. All litters will be randomly reduced to 8 pups on the day of birth. 

Beginning on day l through day 21 post partum, the pups will be given a battery of standard 

behavioral tests to determine both reflexive and neurological development. 

PROGRESS: Sham-exposed and exposed mothers were allowed to deliver and the postnatal 

development of 232 pups was tested on days l through 21 post-partum. The specific tests 

employed were pivoting, righting, cross extensor reflex, forelimb grip, incisor eruption, ear 

unfolding, walking, accelerated righting, hindlimb grip, bar holding, eye opening, and 
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vibrissae placing. In addition, pup weights were determined periodically. All testing was done blind. Testing of a specific endpoint was initiated several days prior to its anticipated normal development and testing of this endpoint was terminated once a pup successfully responded. 

The results indicate a difference betweeen the two groups in a· number of the measures taken. Fewer of the exposed subjects on day 1 of responding displayed pivoting, righting, crossed extensor reflex or walking. On vibrissae placing, more of the exposed pups responded on day 1. Data were analyzed from a number of different perspectives, including percent of subjects responding on day 1, mean time to response, and the quality of proportions between groups across days.. In no case was there any statistically significant ' difference between the sham and exposed pups. 

In four of the five tests done during the first week post-partum, the irradiated pups appeared to be slower to respond. Although these differences are not stastically significant, they do seem to indicate a trend, and a study employing large numbers of animals is needed to substantiate these findings. It must be emphasized that all pups, including those that showed some slowness to respond, did develop the specific responses of reflexive and neurological development that we employed. 

INFLUENCE OF MICROWAVE EXPOSURE ON THE 
PREIMPLANTATION MOUSE EMBRYO 

Wanda Stodolnik-Baranska* and Przemyslaw Czerski** (Intramural) , 

The objective· of this project is to determine microwave radiation sensitivity of the preimplantation fertilized egg and embryo. Microwave exposure may affect the circadian rhythm of cell division (mitosis) or the duration of particular phases of cell division in some types of cells. Moreover, chromosomal aberrations may be induced under some conditions of exposure. Such changes may be reflected in embryonic development after disturbances during the very early stages of embryogenesis. In order to examine the possibility of a radiation effect, female mice are superovulated. Secondary oocytes, one-cell, and two-cell zygotes, are collected and placed in culture medium under paraffin oil in a 5 percent CO2 atmosphere. The preparation is irradiated (2450 MHz) for various durations and at various average dose rates. Viability and extent of development of the embryos is determined. Chromosomal analysis and DNA cytophotometry is performed. Embryos are examined by electron microscopy. 

PROGRESS: In excess of 1,000 ova, both fertilized and unfertilized, have been exposed in in vitro preparations, with over 1,000 additional ova sham-exposed. In addition, 21 pregnant animals have the left ovary and oviduct surgically displaced to the exterior of the animal, and these two organs were exposed or sham exposed. Preparations were observed until 120 hours after fertilization, and fixed either for electron microscopy, chromosomal analysis, or cytophotometry. 

A manuscript has been prepared to describe irradiation and general behavior of embryos in culture. In addition, cytophotometry has been initiated to measure DNA content in irradiated and sham irradiated embryos. 

*FDA Visiting Scientist, on leave from the Institute of Biostructure, University of Warsaw Medical School, Warsaw, Poland. · 
**FDA Visiting Scientist on leave from the National Research Institute of Mother and Child, Warsaw, Poland. 
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MUTAGENIC, CHROMOSOMAL, AND REPRODUCTIVE EFFECTS OF MICROWAVES-
CHROMOSOMAL EFFECTS OF LOW-LEVEL MICROWAVES 

K. T. Yao and F.M. Seeke (Intramural) 

The objective of this study is to investigate the possible effects of induction of. 

chromosomal damages in in vitro Chinese hamster cells with long exposure of low-level 

microwave radiation. Cultured Chinese hamster lung cells and kidney cells were exposed to 

2.45 GHz CW or pulsed (PW) microwave radiation for 12, 24, or 48 hours, equivalent to 1, 2, 

or 4 cells, respectively. The cells had been subcultured for 40 to 60 passages prior to 

irradiation. A vertical waveguide exposure system was used to irradiate the cells at an 

average absorbed dose rate of 1 W /kg. The pulsed wave (PW) radiation had a peak dose rate 

of 250 W/kg, pulse duration of 10 µs, and repetition frequency of 400 Hz. The waveguide 

exposure sections were kept in an incubator at 37 °C during the experiment. Temperature 

rise in the medium due to the irradiation was less than 0.2 ac. Seven to nine paired 

experiments were performed for each of the exposure conditions. Preliminary results of the 

experiments showed that both PW 24-hour and PW 48-hour exposures increased chromosomal 

aberration frequencies more than three times in the irradiated cells when compared to the 

sham-irradiated cells. The differences were 9.6 ± 1. 99 (P < .01) and 10. 9 ± 3.02 

(P < .O 1) breaks per 100 cells, respectively. The chromosomal aberration frequencies ih 

all the CW treated and in the PW 12-hour treated cells were not significantly different when 

compared to the sham-irradiated cells. Further experiments for PW microwave radiation 

with peak power dose rate of 500 W /kg or 1000 W /kg are anticipated. 
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MICROWAVE INDUCTION OF TEMPERATURE SENSITIVE MUTANTS 
IN MAMMALIAN CELLS 

Cheng Fong Long,* and Kenneth T.S. Yao 

The purpose of this study is to isolate temperature sensitive mutants in mammalian cells 

in cultures exposed to 2450 MHz microwave radiation. Cells derived from a mammary 

tumor of an x-irradiated Osborne-Mendel rat are used for the study. Microwave exposure of 

cells is performed in a specially constructed waveguide so that culture temperature can be 

conveniently monitored. The appearance of mutants will be compared with the mutants 

from elevated temperature by conventional heat. 

PROGRESS: Average dose rates of microwave irradiation of the tissue cultures have been 

related to temperature increases over the range I W /kg to 200 W /kg, and chromatid breaks 

and chromosomal aberrations have been observed. At the present time, the modal 

chromosome number of the tumor cells that have epithelial cell morphology is 86. Tritiated 

thymidine incorporation has been used to determine an average cell cycle time of 12 hours 

for the cells. Autoradiographic examination of cells also revealed a transient reduction in 
tritiated thymidine incorporation after irradiation at a dose rate of 8 W /kg. 

*Graduate Student, George Washington University, Guest Worker 
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THE EFFECT OF MILLIMETER-WAVE RADIATION ON INDUCTION 
PHENOMENA IN E. COLI. 

T. W. Athey and M. L. Swicord (Intramural) 

The objective of the study is to determine if electromagnetic radiation in the frequency 
range 45.6 GHz to 46.1 GHz can cause the induction of lambda prophage in E. coli. 
Smolyanskaya and Vilenskaya (1) reported frequency dependent induction of colicin when 
cultures of E. coli. C-600 (colE1) were exposed to low levels (less than l mW/cm 2

) of 
continuous-wave radiation in the frequency range 45.6 GHz to 46. l GHz. Previous attempts 
to reproduce this result in our laboratory were ambigious. Since the same biochemical 
pathways which lead to colicin synthesis are believed to be responsible for the induction of 
phage expression, this approach can clarify the results with the colicin system. 

The prophage of the lysogenic strain BR-475 (lac-) has an extra gene, the normal E. coli 
lac gene, which has been inserted so that when the phage genome is transcribed, the lac 
gene is transcribed also. A standard colorometric assay for S-galactosidase may be used to 
determine the levels of lambda induction, allowing improved quantification over the tradi
tional plaque assays. 

PROGRESS: No differences in induction levels were observed between the exposed and 
sham-exposed cultures for power levels in the range 100µW/cm 2 to 10 mW/cm 2

• Fur
ther work using different culture conditions is planned. 

REFERENCE 
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EVALUATION OF THE EFFECTS OF LONG-TERM, LOW-LEVEL MICROWAVE 
EXPOSURE ON THE ABSORPTION OF CALCIUM IONS ACROSS 

CELL MEMBRANES 

F. L. Buchta (Intramural) 

The objective of this study is to investigate the effects of long-term, low-level 
microwave exposure on ion transport across bacterial cell membranes. Long-term, low
level exposure to microwave radiation has been shown to cause varying degrees of modifica
tion of animal sensitivity to drugs. This would indicate an effect of the microwaves, either 
directly on the biological membranes themselves, or indirectly on the genetic system which 
controls the structural makeup and integrity of those membranes. 

This project concerns itself mainly with the second of these possibilities, and attempts 
to look at it in a similar but simpler system, that is, the effects of exposure on ion transport 
across bacterial cell membranes. It has been noted that there is a low-level temperature. 
(i.e., energy) dependence of calcium flow rate into sporulating cells of Bacillus subtilis. We 
will be using a strain of wild type B. subtilis and an identical comparison strain which will be 
mutant in calcium transport. 

Vegetative B. subtilis cells will be exposed to varying low-level microwave doses 
. (1 mW /gm to 20 mW /gm) while in a temperature controlled sporulation media containing 
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labeled calcium ions. Calcium uptake will be determined by scintillation counting of the 
exposed cells. Varying exposure times and exposure levels will be used. 

PROGRESS: The necessary irradiation system is operational. Wild type and nonsporulating 
mutants are being constructed. 

EFFECT OF 10 GHz PULSED ELECTROMAGNETIC RADIATION ON E. COLI 

Henry S. Ho (Intramural) 

S.D. Dutta, Howard University, Washington, D.C. (Contract) 

The purpose of this project is to provide irradiation and dosimetric support for the study 
of the effect on the growth of E. Coli due to low level 10 GHz pulsed electromagnetic 
radiation. The biological study is performed by S.D. Dutta of Howard University under an 
EPA grant. 
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MEASURED MODULATION WAVEFORM OF LEAKAGE 
RADIATION FROM MICROWAVE OVENS 

Henry S. Ho and W.P. Edwards (Intramural) 

The objective of this study is to measure the frequency spectra of the amplitude
modulated waveforms of the leakage radiation from 2450 MHz and 915 MHz microwave 
ovens. A detector probe equipped with microwave diodes is used. The spectra for one 2450 
MHz and one 915 MHz microwave oven have been analyzed. These two modulation spectra 
contained frequencies that are within the range where biological effects of modulated RF 
radiations have been reported (3 Hz to 30 Hz). 

Recent reports of biological effects indicate amplitude modulation of microwave 
radiation as a parameter of interest. The leakage radiation from microwave ovens is known 
to be low-frequency amplitude-modulated because of the effect of the modestirrer built 
into the ovens. 

In the present investigation, amplitude-modulated waveforms of the leakage radiation 
from a 2450 MHz and a 915 MHz microwave oven was measured by the use of a miniature 
3-D probe that utilized microwave-diode detector chips. The frequency spectra of the 
resultant detected modulation envelopes were also analyzed. 

PROGRESS: The results indicated that the amplitude-modulated envelopes of both the 2450 
MHz and the 915 MHz radiation had large fluctuations. These leakage radiation waveforms 
were essentially 100 percent modulated. The frequency of spectrum of the detected 
amplitude-modulation envelope of the 915 MHz oven leakage radiation contained com
ponents which were primarily within the range of 0 Hz to l 00 Hz. The frequency 
components with relatively high amplitudes were concentrated within the O Hz to 10 Hz 
range, with 1 Hz and 3 Hz components having the highest amplitude. The detected 
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amplitude-modulation envelope of the 2450 MHz oven leakage radiation had a frequency 
spectrum that contained components between 0 Hz and 500 Hz. The frequency components 
of 60 Hz (and its higher harmonics) and 4 Hz (and its higher harmonics) dominated this 
spectrum. These two modulation spectra contained frequencies that are within the range 
where biological effects of modulated RF radiation have been reported (3 Hz to 30 Hz). 

REFERENCE 
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MEASURED INTERNAL ELECTRIC FIELD IN PHANTOM HUMAN HEADS 
EXPOSED TO LEAKAGE RADIATION FROM MICROWAVE OVENS 

Henry S. Ho, W.P. Edwards, and H. Bassen (Intramural) 

The objective of this project is to measure the internal electric field distributions of 
phantom human heads exposed to leakage radiation from 2450 MHz and 915 MHz microwave 
ovens. Information is needed on energy absorption induced in human bodies exposed to 
actual microwave sources to assess health hazards through a comparison with animal 
biological effects data, using the common denominator of local absorbed energy. The 
existing absorption data based on whole body exposure to plane waves cannot be readily 
applied to the case of exposure in the near field of sources such as microwave ovens. 

In the present investigation, the internal electri.c field distributions of phantom human· 
heads were measured, and the data were converted to equivalent dose rate. The sources of 
exposure were 2450 MHz and 915 MHz leaking microwave ovens. The phantom human heads 
were made of actual skulls of an adult and a child, and were filled with dielectric materials 
equivalent in electrical properties to that of muscle or brain. A miniature 3-0 probe was 
used to detect the internal electric field in the phantom tissues. The ovens were made to 
emit 2 mW/cm 2 to 20 mW/cm 2 leakage radiation measured 5 cm from the oven surface by 
the use of teflon strips inserted between the door seals. The phantom heads were located as 
close to the oven door as possible with the maximum leakage field near the left eye, which 
was 3 cm from the oven door. The 3-D probe was scanned along a straight path normal 
to the oven door surface, from the back of the phantom head to the surface of the left 
eye. The amplitude-modulated envelope of the detected waveform was processed by 
a low-pass filter so that only the time-averaged value of the electric field was recorded. 

PROGRESS: The results indicated that for a leakage of 5 mW/ cm 2,as measured 5 cm from 
the surface of the 2450 MHz microwave oven, the maximum equivalent dose rate was 9.6 
W /kg in the adult phantom head and 14.6 W /kg in the child phantom head. The positions of 
the maximum dose rates were 0.5 cm interior to the eye for the child phantom head, and at 
the surface of the eye for the adult phantom head. Some penetration of the microwave 
energy into the cavity filled with brain equivalent material was 20 percent of the maximum 
absorption in the eye. For a leakage radiation of 5 mW/cm 2 from the 915 MHz oven, the 
maximum equivalent dose rate was 3.0 W /kg in the adult phantom head and 5.3 W /kg in the 
child phantom head. Both positions for. these maxima were 3 cm from the surface of the 
eye. Penetration of the radiation into the phantom brain region was found for both phantom 
heads. The peak absorption in the phantom brain region was 50 percent of the maximum 
eye absorption in both phantom heads. 
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MICROWAVE REFLECTIVITY OF BODY LAYERS OF THE RABBIT 

Russell L. Carpenter and Glenn L. Donovan (Intramural) 

The objective of this study was to determine the microwave reflectivity of the several 
somatic layers of the New Zealand White rabbit. When the power density of a microwave 
field is measured at the position to be occupied by an experimental animal, that incident 
power density represents only the power to which the animal will be exposed. How it will 
relate to the power that the animal will absorb--and perhaps be affected by--depends upon 
several factors, among which are the dielectric constants of the various absorbing tissues 
and the manner in which they reflect, diffract, or scatter the microwave illumination. 
Animals of the same species vary in size and in shape. Being, in fact, neither spheres nor 
prolate spheroids, they resist description by mathematical formulae or calculations. They 
are also multilayered and the layers differ in thickness and in dielectric constant and 
permittivity. 

Because reflections from the animal may considerably perturb the microwave field, we 
sought to ascertain the contribution each of the successive layers of a rabbit makes to its 
overall microwave reflectivity. To measure microwave power reflected by the animal's fur, 
skin, muscle-connective tissue, and skeleton, we subjected the right sides of New Zealand 
White rabbits to 2450 MHz continuous wave radiation in the far-field zone in an anechoic 
chamber. A special component of the chamber was a computer-controlled device for 
horizontal and vertical scanning of one square meter of the microwave field. The scanning 
device, which we designed and constructed, utilizes a Narda Model 8110 electromagnetic 
radiation monitor and carries its Model 8122A probe back and forth across the field at a 
uniform rate, and 1 inch in front of the animal. It stops briefly every centimeter for a 
measurement of power ·density, which is printed out and also stored on tape. Each 
horizontal excursion of the probe is made 1 cm distant vertically from the preceding one. 
When the assigned area has been scanned, the computer feeds the taped data into a 
calculator plotter, which prints a graphic display of equal power contours of the microwave 
field. 

For each experiment, four consecutive scans were made: (1) the far zone free field; (2) 
the animal body centered in the field; (3) the body with fur removed (shaved); and (4) the 
body with skin removed. In one case, a fifth scan was made of only the skeleton. In all 
cases, identical placement of the subject was accomplished by means of Polaroid photo
graphs and a background grid centered on the geometric axis of the transmitting horn 
antenna. 

PROGRESS: Definitive results and conclusions await completion of detailed analysis of the 
equal power contour scans, but the following observations may be made: (1) when the right 
side of an animal is irradiated, the greatest amount of reflection is from the abdominal 
region, just behind the thorax; (2) when the fur has been sheared, reflection from the 
integument is increased approximately 50 percent; and (3) the amount of reflection from 
the muscle layers is similar to that from the skin with fur removed. 
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, 
USE OF THE BUREAU OF RADIOLOGICAL HEAL TH MINIATURIZED ELECTRIC 

FIELD PROBE IN THE RABBIT EYE 

Russell L. Carpenter and Glenn L. Donovan (Intramural) 

The objective of this study was to employ the Bureau of Radiological Health 
miniaturized electric field probe for measuring the internal field within the rabbit bulbus 
oculi during 2450 MHz irradiation and to compare it with the external field to which the eye 
is exposed. 

The miniaturized electric field probe, developed for the Bureau of Radiological Health, 
has a tip sufficiently small (l mm by 2 mm, including insulation) so that it may conveniently 
be used in vivo for measuring internal field strengths within a particular organ or tissue. 
Because the probe has only a single 1.5 mm long dipole antenna, it can measure field 
strength in but a single axis in any given placement. To obtain the total internal field 
strength, three readings must be taken, with the probe being rotated 120° around the axis 
of its handle between each reading. 

We wish to compare incident field strength with internal field strength in the rabbit eye 
during continuous wave irradiation at 2450 MHz. In order to facilitate use of the 
instrument, we designed and constructed a device that securely holds the probe in a vertical 
position while permitting it to be rotated around its long axis, with click-stops at each 120° 
of rotation. Provision is also made for measured forward and backward movement and for 
presetting the vertical insertion depth of the probe. The entire device is made of low 
dielectric Plexiglas and is firmly attached to the wall of the anechoic chamber, above and 
behind the transmitting antenna. 

PROGRESS: Measurements were made of field strength incident on the corneal center of 
the eye and of internal field strengths in the anterior chamber immediately in front of the 
pupil and in the vitreous body just behind the posterior pole of the lens. 

We found the miniature probe relatively easy to use and its measurements closely 
reproducible. Many more measurements in the eye remain to be made, but it presently 
appears that, of the microwave power incident on the center of the cornea, approximately 
70 percent is absorbed and can be measured behind the lens. 

VALIDITY OF THE BUREAU OF RADIOLOGICAL HEAL TH REGULATION LIMITING 
MICROWAVE OVEN LEAKAGE, AS APPLIED TO THE RABBIT EYE 

Russell L. Carpenter and Glenn L. Donovan (Intramural) 

The objective of this study was to test experimentally the validity of the. Bureau of 
Radiological Health's microwave oven regulation limiting permissible leakage to 5 mW /cm 2 

measured at any point 2 inches from the oven. Non-anesthetized rabbits were placed with 
the right eye 2 inches from a microwave oven door seal, at a point where leakage of 
10 mW/cm 2 to 12 mW/cm 2 had been caused by insertion of a plastic shim. The leakage 
variation depended on the position of the stirrer. Each animal received an exposure for one 
hour per day, Monday through Friday, for 12 weeks. The total exposure for each rabbit was 
thus 60 times 1 hour. The right eyes of another group of rabbits were similarly exposed to 
2.45 GHz continuous wave radiation; but in this case the source was a dipole antenna having 
a corner reflector and the radiation incident on the eye, two inches from the plastic cover 
of the antenna, was kept constant at 10 mW/cm 2. As in the experiments with the micro
wave oven, each exposure was an hour Jong, 5 days per week, for 12 consecutive weeks. 
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PROGRESS: Irradiated eyes and their opposite left eyes, which served as controls, were 
examined by ophthalmoscone and slit-lamp biomicroscope at intervals during the 12 weeks 
of irradiations and for 1 year thereafter. During the entire course of the experiment, no 
adverse effects were noted. All lenses remaineq unaffected and clean in both sets of 
rabbits. 

HISTOPATHOLOGY OF HUMAN ALLEGED MICROWAVE CATARACTS 

Russell L. Carpenter (Intramural) 

The objective of this study is to discover whether human cataracts of alleged microwave 
etiology may have some special histopathological characteristic. For some time, we have 
been engaged in studying the histopathology of human lenses having cata:racts claimed to 
have been caused by inadvertent exposure of the eye to microwave radiation. Obviously, 
such lenses are in very limited supply. When one is obtained, it is celloidin embedded, 
serially sectioned, stained, and studied for comparison with other human cataracts of known 
different etiology. We are presently preparing one more lens for study in which the cataract 
was alleged to have resulted from exposure to microwave radiation. 

DELINEATION OF THE ROLE OF ASCORBIC ACID 
IN MICROWAVE CATARACTOGENESIS 

Esther S; Ferri (Intramural) 

The objective of this study is to determine if ascorbic acid (Vitamin C) plays a role in 
the tormation of opacities as a result of microwave irradiation. Previously reported data (1) 
have stated that a reduction of ascorbid acid occurs in the rabbit lens after microwave 
irradiation of the eye. It is also suggested that this response is unique for microwaves and 
happens well before any sign of an opacity can be visually observed. More recent studies (2) 
have shown that this decrease of ascorbate occurs not only in the lens but manifests itself 
initially by a reduction in the aqueous humour immediately after exposure. These studies 
involved rabbits irradiated at a frequency of 2.45 GHz. Rabbits are able to synthesize 
ascorbic acid and therefore do not require a daily supply. 

Because guinea pigs are similiar to man in that they must be provided with a supply of 
Vitamin C daily, it was proposed to expose the eyes of guinea pigs whose ascorbic acid 
intake was regulated by diet. A previously reported study (3) had determined effects on the 
guinea pig eye at a frequency of 2.45 GHz. No visible eye damage was detected in animals 
maintained on a normal diet nor in those on a Vitamin C deficient diet when exposed to 
incident free field power densities of 300 mW/cm 2 to 500 mW/cm 2

• Locomotor changes 
were noticeable, suggesting possible CNS injury. 

Ongoing studies have concentrated on establishing a threshold curve for microwave 
cataractogenesis in the guinea pig at a frequency of 10.0 GHz. It is reasoned that the 
shorter wavelength would have a more direct effect on the smaller eye of the guinea pig. 
All animals were maintained on normal diets to which Vitamin C was added. The right eyes 
of the animals were exposed using two sizes of dielectric lenses which focused the radiation 
on the target organ. Burns occur at all levels of incident power density and the severity of 
the edema increases as the power density increases. The percentage of positive eye 
responses increased with increasing length of exposure (150 mW /cm 2 for 8 to 16 minutes 
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duration), and/or with increasing power density for the same length of exposure (200 
mW /cm 2 to 4-50 mW /cm 2 for 8 minutes duration). 

PROGRESS: To ascertain whether ascorbate plays a role in cataractogenesis, normal levels 
of Vitamin C in the pig eye must be determined, as well as the depletion of it, in the eyes of 
animals fed a deficient diet. Ascorbic acid was assayed in the vitreous, aqueous, and the 
lens of three groups of animals: (1) normally dieted, (2) deficiently dieted controls, and (3) 
deficiently dieted microwave exposed. Levels of ascorbate dropped most dramatically in 
the vitreous of the scorbutic animals, being 50 percent or less than in the normally dieted 
animals. Less dramatic was the reduction in the lens and aqueous of the scorbutic animals, 
both controls and exposed. Analysis of these responses suggests that reductions of ascorbic 
acid are not a result of the irradiation as occured with the rabbit but are due only to dietary 
regime. Normally dieted guinea pigs exposed to the same level of radiation for the same 
time as the deficiently dieted exposed pigs showed a similiar scatter of lens responses. This 
study is continuing and addresses the area of statistical veracity. 
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A STUDY OF THE EFFECT ON THE BLOOD CELLS OF PARTIAL BODY 
VERSUS WHOLE BODY MICROWAVE EXPOSURE TO THE RABBIT 

G. L. Donovan (Intramural) 

The objective of this study is to determine if lymphocytes taken from rabbits, which 
have been exposed to long term, low dose microwaves, show an increased rate of "spon
taneous lymphoblastoid transformation" when cultured in vitro. If this is true, we propose 
to look for this effect by exposing to microwaves one entire side of the rabbit versus 
selected body sites, to determine whether the transformation occurs as a direct effect of 
irradiation of the blood or is the result of irradiating blood forming organs. In addition, we 
will record any quantitative changes to the red and white blood cells. 

Preliminary work has been accomplished on methodology. The use of a hemacytometer 
has been mastered so that a count of the total red and white blood cell numbers may be 
done. To do a differential count, whole blood smears were made and various staining 
techniques tried in order to identify the various white blood cells. A combination of 
Wright's and Giemsa stain proved to be the most satisfactory. 

Exposure perimeters have been determined and scans taken of the free-field as well as 
at various distances in back of a 16-inch dielectric lens. The lens will be used to perform 
partial body exposures. These scans were made using a table-top computer which is inter
faced with a scanning device. The scanning device moves a Narda survey probe through the 



microwave field, taking readings every centimeter. These results are then plotted as a 
contour map. 

Rabbit holders made of styrofoam were constructed to restrain rabbits for the duration 
of the exposure. Styrofoam was used because of its minimal effect on the microwave field. 

PROGRESS: Work is to continue with the culturing of lymphocytes. Culture media and 
different serums (calf, rabbit, and fetal calf) are being experimented with so that whole 
rabbit blood can be cultured, thus eliminating the task of separating the lymphocytes from 
the whole blood. Several harvesting methods are also being tried. We are also experi
menting with tritiated thymidine labeling techniques for quantitation of lymphocyte 
transformation. 

IMMUNE REACTIONS IN MICE EXPOSED TO MICROWAVE RADIATION 

W .M. Leach, P. Czerski, * and Henry S. Ho (Intramural) 

The objective of this project is to examine the immune responses elicited by exposure to 
microwave radiation. Microwave-induced immune responses have been studied by blast-like 
transformation of lymphocytes in the peripheral blood, and by specific immune "markers" of 
cell surfaces. The latter work is a collaborative arrangement with the Naval Medical 
Research Institute, Bethesda, MD. In the intramural studies, the time course of appearance 
and disappearance of blast forms in the peripheral blood was determined after exposure of 
mice to microwave radiation at various average absorbed powers. In collaboration BRH 
furnishes irradiation facilities and radiation dosimetry support. 

PROGRESS: A research report was prepared, based on results obtained in the intramural 
study, on the relationship between dose rate and the blast transformation. In the collabora
tive study, data were developed on dose-response relationships for a B-cell marker and on 
mouse strain specific variability of B-cell response. Reports of these research results have 
been prepared. 

*FDA Visiting Scientist on leave from the National Research Institute of Mother and Child, 
Warsaw, Poland. · 
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ULTRASOUND 

EPIDEMIOLOGIC STUDIES 

Since the introduction of ultrasound to obstetric practice, the question of possible 
hazard to the fetus has, for some, been a persistent concern. A number of adverse effects 
have been reported from laboratory work: delayed neuromuscular development, congenital 
anomalies, evoked electroencephalographic responses, and immunoglobin depression. How
ever, adverse clinical effects attributable to diagnostic ultrasound have not been reported 
by obstetricians or pediatricians. The program of epidemiologic studies consists of a 
followup study of children who were exposed to ultrasound prenatally, and a hospital survey 
of the use of ultrasound in obstetric practice. In addition, a plan has been developed for a 
clinical trial of ultrasound in prenatal diagnosis and fetal monitoring during labor. 

POSSIBLE ADVERSE EFFECTS OF ULTRASOUND EXPOSURE IN UTERO 

Charles R. Stark (Intramural) 

Albert D. Haverkamp, University of Colorado Medical Center 
Denver, Colorado (Contract) 

The objective is to study possible subtle and delayed effects of diagnostic ultrasound on 
the human fetus. Hospital records have been searched to identify a study group of about 
350 children exposed to diagnostic ultrasound in utero during the years 1968 to 1972, 
inclusive. An equal number of children not exposed to ultrasound but matched for the same 
type of maternal complications associated with the ultrasound examinations of the exposed 
mothers was selected as a comparison group. Data from ultrasound records will be used to 
determine exposure, and the infant and maternal charts will be reviewed for complications 
of pregnancy and the condition of the newborn infant. The 700 study children will be 
brought to the hospital for physical and psychological examinations. Exposed and control 
groups will be compared, with respect to physical characteristics and central nervous 
system development. 

PROGRESS: Data collection is now more than halfway complete. 

HOSPITAL SURVEY OF OBSTETRIC ULTRASOUND, U.S. 1974 

Robert M. Albrecht and Paul L. Roney, {Intramural) 

The objectives of this survey are to ascertain (1) the .frequency of use and indications for 
use of ultrasound for the diagnosis of obstetric conditions in general hospitals in the United 
States, (2) the number and types of machines in use, and (3) the number and type of training 
of the operators. The survey of a 20 percent stratified random sample of general hospitals 
has been completed and the findings have been published (1). 
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PROGRESS: It is estimated that approximately 16 percent of the obstetric services in the 
United States used diagnostic ultrasound for obstetric conditions, 72 percent reported that 
they used diagnostic ultrasound for fetal cephalometry, 88 percent for placental localiza
tion, and 59 percent for fetal monitoring during labor. Other frequently reported indica
tions for use were fetal heart detection in early pregnancy, suspected multiple pregnancy, 
suspected molar pregnancy, and fetal well-being. 

The use of obstetric ultrasound by trimester of pregnancy varied widely from hospital to 
hospital. Twenty percent of the hospitals reported that they did not use it in the first 
trimester, and the vast majority of the remaining hospitals stated that less than 20 percent 
of their obstetric ultrasound examinations were performed in the first trimester. Approxi
mately half of the hospitals stated that more than 70 percent of the examinations were 
made on women in their third trimester. 
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PROPOSED RANDOMIZED CLINICAL TRIAL OF DIAGNOSTIC 
ULTRASOUND AND FETAL MONITORING 

Charles R. Stark (Intramural) 

The objective is to study the possible subtle and delayed effects of diagnostic ultrasound 
on the human fetus. To date there have been no rigorous, scientifically defensible studies of 
possible delayed risks, medical benefits or monetary costs of the long-term effects of the 
use of diagnostic ultrasound in pregnancy or fetal monitoring during labor. Because the 
effects may be confounding, the two techniques must be studied simultaneously. To fill the 
Agency's gap in knowledge, a randomized clinical trial has been proposed. 

PROGRESS: The proposal has been presented to the Commissioner for his review. 
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EXPERIMENTAL STUDIES 

A REVERBERATION METHOD FOR MEASURING THE TOTAL ULTRASONIC 
ENERGY ABSORBED BY BIOLOGICAL SPECIMENS 

C.L. Christman (Intramural) 

The objective of this project is to continue the development of a new exposure system 
that measures the total acoustic energy absorbed by a mouse when exposed to ultrasound at 
clinical frequencies. The specimen is exposed in a cylindrical stainless steel tank supported 
by wires to minimize acoustic losses using a diffuse field created by frequency modulating 
the 1.03 MHz carrier signal with white noise. In the reverberation method, the rate of 
change of acoustic energy density, also referred to as the decay rate, is measured using a 
piezoelectric probe when the source is modulated. The energy absorbed by the specimen is 
given by the product of the total acoustic input power, the exposure time, and the fractional 
increase in decay rate caused by the specimen. Current plans are to compare this exposure 
method with an existing far-field exposure method by recording the temperature rise within 
anesthetized mice exposed both ways. Also, data will be taken to determine if this rever
beration method can be used to measure the absorption coefficient of unknown samples. 

PROGRESS: The reverberation method has been shown to be capable of accurately 
measuring the integral dose (total absorbed energy) for biological specimens (Christman, 
1978). This method uses a diffuse acoustic field with a center frequency of 1.0 MHz to 
expose a specimen. The integral dose is given by the product of the total acoustic power 
delivered by the transducer, the exposure time, and the fractional increase in decay rate 
caused by adding the specimen. Here, decay rate refers to the rate of change of energy 
density within the reverberation tank and it is measured using a piezoelectric hydrophone. 

For this investigation, integral dose has been determined two different ways; by using 
the reverberation method and by recording the temperature rise within a Plexiglas phantom. 
Theoretical predictions of the temperature rise within the phantom are in good agreement 
with the measured data. Thus, these phantom results verify the reverberation method for 
measuring integral dose. 

Once this new exposure method was tested, temperature rise measurements within anes
thetized mice were used to compare reverberation exposures with plane wave exposures. 
These results suggest that an integral dose of 4-50 J for 2.0 minutes (reverberation tank) 
produces nearly the same temperature rise within each mouse as produced by a spatial peak 
intensity of 1.3 W /cm 2 for 2.0 minutes (anechoic tank). 

During this reporting period the temperature rise measurements described above were 
completed and a paper was given to introduce the reverberation exposure system. A final 
report was written and is now being reviewed. 
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MEASUREMENT OF ULTRASONIC PROPER TIES OF TISSUE EQUIVALENT 
MATERIALS AND BIOLOGICALLY IMPORTANT MOLECULES 

Henry S. Ho and C.L. Christman (Intramural) 

. The objective of this project is to measure the frequency dependent, ultrasonic 
properties in tissue equivalent materials and biologically important molecules. The 
attenuation of these materials is measured with an apparatus which uses Carstenson's 
method and an apparatus which uses the reverberation decay method. The velocity of the 
tissue equivalent materials is measured by means of pulsed-echo-overlap method. Materials 
such as castor oil, Plexiglas, polystyrene, high density polyethylene and RHO-C rubber are 
used to test the accuracy and precision of the test systems. In addition, studies to find 
mixtures of materials that will result in ultrasonic properties matching that of tissues will 
be conducted. 

PROGRESS: A pulsed-echo-overlap apparatus was constructed to measure the ultrasonic 
properties of solid tissue-equivalent materials. The ultrasonic velocity of propagation 
through Plexiglas, polystyrene and RHO-C rubber was measured for the frequencies of 2.25 
MHz and 5.5 MHz and the temperatures of 20 °C, 30 °C, and 40 °C. The results indicate 
close agreement with previously reported values. 

A reverberation method has been used to determine the absorption coefficient for 
different samples of castor oil, Plexiglas, polystyrene, and RHO-C rubber. These materials 
were selected because their acoustic properties fall in the same range of values reported for 
tissue. For the reverberation method a diffuse field is created in the exposure tank by fre
quency modulating a 1.0 MHz carrier signal with white noise. The rate of change of 
acoustic pressure, also referred to as the decay rate, is measured using a hydrophone after 
the source is switched off. The absorption coefficient for a specimen is related to the 
difference between the decay rate with the specimen in the tank and the decay rate with it 
removed. In this investigation the absorption coefficient, determined using the reverbera
tion method, has been calculated for different specimen thicknesses and different 
temperatures. 

The Carstenson method of scanning a receiving transducer in test liquid media was used 
for determining the attenuation and velocity of biologically-important molecule solutions. 
Polyethylene Glycol with a molecular weight of 4000 has been tested with this apparatus. 
The attenuation values obtained are in general agreement with previously reported data. 

BIOPHYSICAL CHARACTERIZATION OF FINITE WAVE EFFECTS 
PRODUCED BY SIMULATED DIAGNOSTIC PULSES 

C. L. Christman (Intramural) 

The objective of this project is to study the finite wave effects produced by simulated 
diagnostic pulses. Finite-amplitude effects are important for many of the high peak 
intensities produced by diagnostic devices and even some of the CW intensities produced by 
therapeutic devices. In linear acoustics the familiar assumptions that the transmitted 
frequency is the only frequency produced and, that when the input amplitude is increased, 
the amplitude at remote points in the field increases proportionally, are both valid. They 
are no longer valid when considering finite-amplitude effects. The reason that these linear 
assumptions fail is because the velocity at a point x on an acoustic wavefront is not· 
constant (as required by linear theory) but depends on the particle velocity at that point. 
For this investigation, finite-amplitude effects will be studied both theoretically and 
experimentally. First, equations describing finite amplitude effects will be used to predict 
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the conditions likely to produce shock waves for an existing biological ef feet exposure 
system. Then, this system will be improved to allow it to generate simulated diagnostic 
pulses. These pulses will be of sufficient intensity to produce finite-amplitude effects. The 
theoretical results will then be used to characterize the exposure fields produced by these 
simulated acoustic pulses. 

EFFECTS OF ULTRASOUND ON THE REPRODUCTIVE 
CAPACITY OF DROSOPHILA MELANOGASTER 

Tim L. Pay (Intramural) 

The object of this study is to redesign the exposure vessel and modify the exposure 
technique in order to reduce the statistical scatter in the dose-response curve that was 
found from our exposures of Drosophila pupae to 1 MHz ultrasound. We will use either a 
larger exposure vessel or a rubber exposure vessel. When a better material has been deter
mined, the vessel will be tested for exposure reproducibility. Fruit flies will continue to be 
exposed at 120 ± 2 hours post fertilization, to 1 MHz ultrasound. Other changes may 
include increasing the number of pupae exposed at a given time. Attempts will also be 
made to reduce or eliminate the macroscopic air bubbles in the Aquasonic gel by the use of 
vacuum, heat, or centrifugation. 

We successfully redesigned the exposure vessel and modified the exposure technique. A 
new dose response curve was generated using three major modifications to our original 
exposure technique. The first modification was to replace the 0.5 inch "T" tube with a 1.25 
inch diameter "T" tube. The pupae were placed within an 0.5 inch diameter imaginary circle 
in the center of the 1.25 inch tube. Thus, the spacial dimensions along the longitudinal axis 
were similar in both sizes of "T" tubes. The second modification was to increase the number 
of pupae from 50 to l 00 per tube. The third modification was to centrifuge the Aquasonic 
coupling gel just before use to eliminate the macroscopic air bubbles. Pupae were exposed 
at 120 ± 2 hours post fertilization to 1 MHz, CW ultrasound in a specially designed 
exposure apparatus. Temperature measurements at an intensity of 0.7 5 W /cm 2 showed a 
maximum temperature rise of 16.5 °C above the temperature of the water and the 
Aquasonic gel (30 °C); therefore, the temperature in the immediate vicinity of the exposed 
pupae was 4-6. 5 °C. Earlier work done in this laboratory has shown that temperature rises 
of this magnitude, produced by conventional heating for 10 minutes, produced a 70 percent 
kill in exposed pupae of the same age. It is interesting to note that at 0.7 5 W /cm 2 

ultrasonic exposure also produced approximately a 70 percent kill. This by no means proves 
that lethality or previously reported abnormalities in flies exposed to the reported levels of 
ultrasound at this stage of life are a result of heating; but it does raise the possibility that 
heating may be involved. When a new dose response curve was generated incorporating the 
above mentioned modifications, the dose response variation was reduced 37 percent. There 
was also a much stronger association between exposure dose and percent kill, with the 
LDso/1 being reduced from 0.67 W/cm 2 to 0.55 W/cm 2

• 

ULTRASOUND EFFECTS ON REPRODUCTION AND FETAL DEVELOPMENT 

M.E. Stratmeyer, LR. Simmons, and F.Z. Pinkavitch {Intramural) 

The objective of this research is to identify the effects of ultrasound (continous wave, 
1 MHz) on the growth and development of mice exposed in utero by measuring, gross 
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morphological endpoints. It is intended to use the resulting information to examine more 
specific and sensitive endpoints fn future work. 

This is a comprehensive study that examines the effect of ultrasound exposure during 
various gestational stages on the growth and development of exposed progeny at several 
points in development at maturation. Whole body weights, organ weights, and mortality are 
among the data collected. The CF 1 dams are exposed to spatial average intensities of 
0 W/cm 2 (sham), 0.075 W/cm 2 and 0.750 W/cm 2 for 120 seconds. 

PROGRESS: The study involving progeny exposed on the 10th day postcoitus and examined 
on the 21st day postcoitus was completed. Two thousand one hundred and fifty five progeny 
from 181 dams were included in the study. The data were tested using an analysis of 
covariance to determine the effect of exposure on body weight, after adjustment for the 
ef feet of litter size. The cage controls were deleted from the analysis because they were 
determined to be significantly different from the other groups. 

The test among the remaining group means indicated statistical significance (P < 0.05). 
The adjusted body weight treatment means, in grams, are given below: 

Sham 
0.075 W /cm 2 

0.75 W/cm 2 

Males 

2.0498 
2.1073 
2.0240 

Fema1es 

2.0278 
2.0380 
1.9872 

No interaction between sex and exposure to ultrasound is evident. Although the analysis 
indicates statistical significance for very small differences in body weight, there is no 
meaningful trend with increasing exposure. 

EFFECTS OF IN UTERO ULTRASOUND EXPOSURE UPON POST-NATAL 
ACQUISITION OF CONDITIONED REFLEXES 

W.W. Henton (Intramur,al) 

The objective of this study is to determine if fetal exposure to ultrasound may retard the 
post-natal development of motor reflexes (1-3). A recent study in our laboratory suggested 
that some sonicated subjects acquired a conditioned reflex slightly faster than either the 
sham exposed or control subjects (group comparisons were not statistically significant). The 
present study was an attempt to directly replicate our initial results. 

Anesthetized pregnant mice were exposed to 1 MHz ultrasound at 0.7 5 \V /cm 2 for 2 
minutes on the 8th day of gestation, with corresponding sham exposed and control dams. Six 
offspring from each group were tested at 30 · days of age, using a compound conditioning 
procedure. Mean days to a criterion acquisition of c.onditioned reflexes was 3.3, 6.5, and 5.3 
for the sonicated, sham, and control subjects. The results were not satistically significant 
between groups, but again suggest a more rapid acquisition of conditioned reflexes in 
approximately one-third of the ultrasound exposed subjects. A third experiment examined 
300-day-old offspring, with apparently equivocal results. A fourth study is planned to 
determine the dose-response relationship between in utero ultrasound exposure intensity and 
conditioned reflex development in 30-day-old subjects. 

PROGRESS: The ultrasound/behavioral studies using the 30-day-old and 300-day-old 
subjects were fully completed in FY 1979, with preliminary data analysis. A more complete 
data analysis will be undertaken in FY 1980. 
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RISK ASSESSMENT OF DIAGNOSTIC ULTRASOUND 

L.R. Simmons and S.M. Sykes (Intramural) 

The objective of this study is to examine blood clotting time in mice after exposure to 
ultrasound. The study is designed as a preliminary investigation measuring this gross 
physiological parameter both in vivo and in vitro. 

Male CF-1 mice were exposed to 1 MHz ultrasound at the following intensities and 
exposure times: 1.0 \V /cm 2 for 1 minute, 2.0 W /cm 2 for 2 minutes, and 2.5 W /cm 2 for 3 
minutes. Assesment of effect was done immediately following exposure by examining 
bleeding time (clotting time) after cutting the tails of experimental mice and by examining 
recalcification time of whole blood. The results were inconclusive because of large 
_standard deviations in both tests, giving results that were not statistically significant. 
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TWO OR MORE TYPES OF RADIATION 

NATIONAL NATALITY AND NATIONAL FETAL MORTALITY STUDIES, U.S. 1980 

Paul L. Roney and Helen C. Chase (Intramural) 
Paul J. Placek, National Center for Health Statistics, DHHS 

The objectives of this study are to ascertain the frequency of exposure during pregnancy 
to ionizing and noionizing radiation including ultrasound and to study the associations 
between these radiation procedures and possible adverse effects such as congenital ano
malies or low birthweight in live births and fetal deaths. This is an interagency project 
involving collaboration between the National Institute of Child Health and Human Develop
ment, the National Institute for Occupational Safety and Health, the Food and Drug 
Administration, and the National Center for Health Statistics. In cooperation with the 
Center, a 1 in 500 sample of the live births, and a 1 in 4 sample of fetal deaths at 28 weeks 
or more of gestation that occur in 1980 in the United States will be queried. Questionnaires 
covering a variety of demographic and medical care questions will be sent to the attending 
physicians, the institutions of birth, the mothers, and all other physicians and dentists 
identified as providing health care during pregnancy. The BRH portion of the project 
relates to use of radiation during the year preceding delivery and a comparison of radiation· 
experience in live births and fetal deaths. 

PROGRESS: Five questionnaires have been developed and an interagency agreement with 
the National Center for Health Statistics has been negotiated. A pretest of the study was 
completed in the fourth quarter of 1979. The full study will start in 1980. Data will be 
available in 1982. 

REFERENCE 
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PILOT STUDY OF SOCIAL SECURITY ADMINISTRATION DISABILITY CLAIMS (SSADC), 
SELECTED DIAGNOSES AND QUALIFIED RADIATION EXPOSURE 

Mary K. Barrick and Loren F. Mills (Intramural) 

The objective of the SSADC study is to determine whether Social Security disability 
claims data can be used for research into adverse effects of occupational exposure to 
radiation. The study explores the possibility of identifying occupational groups in order to 
investigate the possible biological effects resulting from occupational exposure to some 
types of electronic product radiation. Secondarily, the study explores the possiblity of 
identifying diseases or disease groups that usually have not been associated with exposure to 
radiation. 

Disability claims are divided into those based on diseases that are thought to be related 
to exposure to various types of radiation (for example, cancer, cataract) ·and diseases not 
usually associated with such types of radiation. The two groups are compared with regard 
to the frequency and extent of employment according to occupation. Finding an association 
between radiation related diseases and occupations may provide leads to more specific 
studies to define possible effects. 

PROGRESS: The study data are being reevaluated. Numerous problems, some of which 
relate to the data base itself, have been found in existing computer tapes. A draft report 
giving the descriptive aspects of the data base is in preparation. A decision will be made on 
the suitability of the present data for analysis. 
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STANDARDS SUPPORT ACTIVITIES 

RADIATION INCIDENTS REGISTRY 

Loren F. Mills and Pamela G. Chissler (Intramural) 

The Radiation Incidents Registry is the Bureau's repository for all radiation occurrences 
in which there is an allegation of human injury associated with real or potential exposure to 
some form of radiation emitted from an electronic product. It is a voluntary reporting 
system that was developed as a result of passage of the Radiation Control for Health and 
Safety Act of 1968 (PL 90-602). 

During the 10 years that the Radiation Incidents Registry (RIR) has been in operation, 
data have come primarily from voluntary reporting in the form of case reports. In addition, 
the registry contains alleged incidents that have appeared in the medical or scientific 
literature or the lay press. 

Because radiation incidents are reported from a multiplicity of sources, follow-up 
procedures are somewhat variable. In general, reports are reviewed for completeness of the 
following information: (1) when, where and how incident occurred; (2) type of radiation 
involved. and, if possible, estimate of exposure; (3) type of device, manufacturer, model and 
serial number, and date of manufacture; (4) age; sex, occupation, and number of persons 
involved; and (5) nature of alleged injury and whether medical attention was sought. If 
medical care was given, the name and address of the atte_nding physician is requested so 
that information regarding diagnosis and prognosis may be requested directly from the 
physician. Follow-up of reports of injury in the scientific literature or non-scientific 
publications involves direct contact with the author of the article. 

Reports are catalogued and filed, used for an annual report to Congress and for replies 
to Freedom of Information requests, and examined for indications of possible need for 
corrective action regarding specific electronic products. Since 197 5 the registry has 
included in its tabulations the data solicited by the National Electronic Injury Surveillance 
System (NEISS) from hospital emergency rooms. The following table lists all of the reports 
received by the Registry during the year. 
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Alleged Injuries Reported in the RIR From 
October 1, 1978 Through September 30, 1979 

IONIZING 

Accelerators (NOS)a 
Dental - Diagnostic 
Diffraction - Research 
Electron Microscope 
Fluoroscope - Industrial 

Total Ionizing 

NONIONIZING 

LIGHT 
Infrared 
Laser 
Ultraviolet (NOS)a 

Arc Weld (Solicited NEISS Data)b 
Germicidal - Labs & Hospitals 
~~ercury Vapor Lamps 
Visual Display Terminals 
Nova-Lite 
Sodium Vapor Lamps 
Strobe Lights 
Photocopying 
Sunlamps 
Sunlamps ( Solicited NEISS Data) b 
UV Products, Inc. 

\t\ICROW AVE AND RADIOFREQUENCY 
Microwave Ovens 
Microwave Ovens ( Solicited NEISS Data) 
Radio frequency 

SOUND 
Alarm Systems (airborne) 
Dental 

Total Nonionizing 

GRAND TOTAL 

No. of Reports 

1 
1 
1 
1 
1 

-5-

1 
5 
1 

N.R.c 
2 
9 
4 
1 
2 
1 
1 
3 

N.R.c 
2 

11 
N.R.c 

1 

2 
1 

47 
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aNot Otherwise Specified 
bNational Electronic Injury Surveillance System data 
CNot Reported 

No. of Persons 

1 
2 
1 
1 
1 

-6-

1 
5 
1 

23 
2 

190 
8 
3 

23 
1 
1 
5 

251-
2 

12 
18 
N.R.c 

11 
1 

5~ 
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This listing does not show all categories of radiation-emitting sources which are in the 
Registry, as we did not receive reports of injury in all categories--this just lists the 
categories where injuries were reported during FY-79. 
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SURVEY OF LIGHT ENVIRONMENT 
OF FDA ANIMAL FACILITIES 

,Jesse Y. Harris and F. Alan Andersen (Intramural) 

The objective of this study was to determine the means used to control light 
environments 'in a sample of FDA's own laboratories. The hypothesis is that toxicity testing 
of chemicals found in cosmetics or used as food additives and drugs is presently conducted 
using animals in laboratories where the concern about lighting usually involves only photopic 
intensity and on/off cycles. The spectral distribution of the lighting sources is not routinely 
controlled. This is of special concern because different sources that contribute to the 
ambient light in a laboratory have emission spectral distributions that are different. The 
common designations of fluorescent tubes, for example, each refer to a different spectrum. 
Even fluorescent tubes of the same type can have differences in their spectra. 

A survey of the light environment was made in animal facilities used at two locations of 
the Food and Drug Administration. Light cycle, photopic intensity, and variation in types of 
lamps used were noted. Although it was assumed that a twelve hour on - twelve hour off 
(12/ 12) cycle would be standard procedure for animal research facilities, this was not always 
the case in the laboratories surveyed. Most rooms within the two facilities surveyed were 
equipped with automatic timing systems; however, the timer was not present in one labora
tory and in another the lights were manually controlled. In addition, one laboratory had a 
5:30am/7:00pm cycle; another laboratory had a 6:00am/8:00pm cycle; and a third laboratory 
had a 7:00am/6:00pm on/off cycle. 

There was a wide variation between animal rooms and between different cages in any 
one room. The greatest variation was observed when the top rows of a cage rack had high 
illumination levels while the other rows had very little illumination. When the values for 
the top rows are excluded, the illumination levels average 2.7 and 3.1 foot candles for one 
laboratory. While relatively uniform, these average illumination levels are about one tenth 
of the average levels observed in the other facility. The difference was due to the type of 
cage construction. Individual cage illumination levels range from less than l to 113 foot 
candl_es in one laboratory and from less than 1 to·l34 foot candles in the other. 

Five different lamps were in use at one location and five different lamps were in use at 
the other. Only two lamps were used in common at both facilities; thus, a total of eight 
different lamps were in use in the laboratories surveyed. Several of the animal rooms at 
one location had the light diffuser covers off for cleaning. These light covers are effective 
ultraviolet radiation filters which modify the spectral distribution of the lights. 

From this study it is concluded that more consideration needs to be given to the quality 
control of the light environment in experimental animal facilities. Attempts should be 
made to minimize variation in the light environment for individual animals in a room, as 
well as some standardization between facilities. 

PRODUCTION DATA FOR SELECTED ELECTRONIC PRODUCTS 
REGULATED UNDER PL 90-602 

Jesse Y. Harris (Intramural) 

As background information for a project dealing with the biological effects of light, 
information was gathered on the production and use of various electric lamps. At the same 
time it was possible to gather additional statistics on selected electronic products of 
current interest to the Bureau. Electronic devices included in the report are electric lamps, 
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television receivers, microwave ovens, medical electronic equipment, ultrasound equipment, 
and citizens band transmitters. The data were largely obtained from Department of 
Commerce statistics on production in 1977. 

PHOTOCHEMICAL TOXICITY TESTING 

F. Alan Andersen and Jesse Y. Harris (Intramural) 

The objective of this effort was to review the need for phototoxicity testing of various 
chemicals found in drugs, cosmetics, or foods. Certain individuals in the population are very 
sensitive to the hazardous effects of light. In some cases the sensitivity is so extreme that 
these individuals cannot safely be exposed to sunlight. Chemicals found in cosmetics, food 
additives, and drugs can induce photosensitivity and this is an additional concern. The 
importance of photochemical toxicity testing of food additives, cosmetics, and drugs was 
communicated throughout the Agency. 

Within the framework of the National Toxicology Program, a review of the problem of 
photosensitivity was begun in October 1978. This review was completed in August 1979. As 
a result, two specific actions were recommended by the Director, Bureau of Radiological 
Health, to the Deputy Associate Commissioner for Health Affairs (Science): 

1. A review of toxicology protocols for cosme,tics and other dermatological prepara
tions should be initiated. The purpose of this review would be to determine the 
feasibility of augmenting existing protocols to include photosensitivity testing. A 
review group including representatives from several FDA bureaus should be coor
dinated by the Deputy Associate Commissioner for Health Affairs. 

2. The need for quality control of the light environment of FDA animal facilities 
should be discussed with all FDA bureaus. The potential for experimental bias 
due to variability in the light environment of experimental animals is great. 
Steps should be considered to minimize that bias. We believe it appropriate that 
the Office of the Deputy Associate Commissioner for Health Affairs provide 
leadership in this area. 

PUVA THERAPY 

F. Alan Andersen (Intramural) 

The objective of this study is to coordinate Agency programs involved with the safety 
and effectiveness of PUVA therapy for psoriasis. Psoriasis is a disfiguring and often 
incapacitating skin disease that affects 1 to 3 percent of the world's population. 
Derivatives of the photosensitizing drug, psoralen, are now being used along with an 
ultraviolet-A (UVA) radiation source to treat psoriasis in a therapy known as PUVA. 
(psoralen + UVA). The ingestion of the drug markedly increases the patient's sensitivity to 
ultraviolet radiation. This effect occurs gradually, reaching a peak 2 to 3 hours after 
ingesting the drug. The afflicted areas are then exposed to high-intensity UVA radiation, 
usually from a specifically designed system, although sunlight has been used. Many of the 
available devices consist of banks of fluorescent lamps mounted inside a cabinet. Usually, 
the patient stands inside the cabinet for the duration of the treatment. 
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. Through the efforts of an agency-wide task force coordinated by the Division of 
Biological Effects of the Bureau of Radiological Health, the Food and Drug Adminstration 
has reviewed information about PUVA therapy from many sources, including scientific arti
cles, manufacturers' reports, proceedings of agency scientific advisory committees, reports 
from professional organizations, opinions expressed by interested scientists and physicians, 
and results of visits to manufacturers of PUVA therapy devices. 

FDA visits to six manufacturers of UVA phototherapy devices provided data on the 
varying extent to which safety features, including those relating to radiation, were 
considered. For example, one unit provided no lamp shielding. Another unit provided no 
method for determining radiation dosage. Two units provided no method for determining 
radiation dosage. Two units provided no protective eyewear. FDA also discovered that 
because the lamps' output generally decreases with age, the therapy device needs to be 
calibrated regularly. 

The temperature inside the cabinet version of the device can exceed 120 °F (49 °C) if 
no cooling is provided. Even with cooling, the temperature can exceed 100 °F (38 °C). 
Protective eyewear must be worn to prevent injury, yet vision is essential for balance and 
orientation. The lamps must be shielded to prevent breakage and subsequent patient injury 
in the event of patient collapse. Other mechanical as well as electrical hazards are also a 
concern. 

The Psoriasis and Photobiology Task Forces of the American Academy of Dermatology 
published a joint statement in the Academy's journal urging caution in the use of PUVA 
therapy until investigative evaluation could be completed (1). The Academy refrained from 
recommending this treatment until questions about treatment protocols and safety have 
been answered. Recently, these task forces drafted provisional guidelines for PUVA therapy 
describing methodology that may be used by physicians with competence in the diagnosis 
and treatment of psoriasis and special training and competence in photochemotherapy for 
treating psoriasis. The draft recommends that PUVA therapy be administered only under 
the constant supervision of such physicians (2). 

PUVA therapy devices have been discussed at meetings of four FDA advisory commit
tees. The minutes and transcripts of these meetings are on file with FDA's Hearing Clerk. 
The General and Plastic Surgery Device Classification Panel of the Bureau of Medical 
Devices has recommended that the device be classified into Class III, which would require 
premarket approval when implemented. On July 21, 1977, and March 24, 1978, the Panel 
also suggested that immediate action to eliminate many of the hazards of these devices is 
needed. The Anti-Infective and Topical Drugs Advisory Committee of the Bureau of Drugs 
has confirmed the effectiveness of this therapy, but due to concern regarding long-term 
risks and the lack of data for review regarding long-term use as expressed in meetings in 
1977, 1978, and 1979, the Committee is reluctant to confirm its safety. That Committee 
has stated that extensive information on device performance and long-term risks should be 
included in the package insert if the drug is approved. The Agency has reviewed with the 
Committee the features on devices proven in clinical use to be effective. They were dis
cussed initially within the Dermatological Subcommittee of the Anti-Infective and Topical 
Drugs Advisory Committee and were presented to the full Committee at several meetings in 
1978. Drug manufacturers, PUVA therapy device manufacturers, and clinicians all partici
pated in the public discussion to develop the list of needed features. The General and 
Plastic Surgery Device Classification Panel of the Bureau of Medical Devices recommended 
additional features for patient safety during its meeting on March 24, 1978. The Bureau of 
Radiological Health's Medical Radiation Advisory Committee, during its meeting of May 9, 
1978, supported the need for equipment recommendations to improve the benefits to reduce 
the risks of therapy. The BRH Technical Electronic Product Radiation Safety Standards 
Committee, an FDA advisory group established by statute, also endorsed the development of 
recommendations for equipment safety features at its meeting of June 1, 1978. 
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In a notice that appeared in the February 8, 1980, issue of the FEDERAL REGISTER, the 
Agency formally stated its intent to develop safety performance recommendations for 
devices used as a radiation source in combination with a psoralen drug in treating psoriasis. 
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WORLD HEALTH ORGANIZATION (WHO) CRITERIA DOCUMENT 
FOR ULTRASOUND 

Roger A. Budd (Intramural) 

The objective of the project is to prepare a WHO criteria document in the area of 
ultrasound. The Director, BRH, has assumed the responsiblity for preparation of a first 
draft of this document as part of the BRH role as a WHO collaborating center for 
nonionizing radiation. Although this document will emphasize medical uses, other areas 
including airborne ultrasound will be addressed. 

The two technical co-chairmen (one from the Experimental Studies Branch, Division of 
Biological Effects and one from the Acoustics Branch, Division of Electronic Products) are 
writing a first draft of the document with the assistance of the professional staff in those 
Branches. The Scientific Data Section, Standards Support Staff, Division of Biological 
Effects, is coordinating the overall planning and preparation of the document. Following 
intramural and extramural review by selected experts, a revised draft will be prepared and 
presented to WHO through the International Non-Ionizing Radiation Committee. At that 
time WHO will convene an international working group to mold the draft document into a 

· final document suitable for publication by WHO. 

A core working group was formed and initial planning was acomplished including project 
strategy and document format. A schedule of development was prepared and approved. 
Selected Bureau authors began writing the first draft during FY 1979. 
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/ ST AND ARDS COORDINATION 

Jerome I. Levine and Sallie L. Henderson (Intramural) 

The Standards Coordination Section processed and coordinated the Division's review of 

46 documents related to regulatory subjects as follows: 

Ultrasound 2 
Microwave /Radiofrequency 5 
X Ray 17 

( Diagnostic & Therapeutic) 
Light 3 
Other* (Domestic/Foreign) 19 

Other activities included participation in meetings and committees such as the Working 

Group oh Intensifying Screens, the Program Management System (PMS) Planning Committee 

for Diagnostic X-Ray - Regulatory, and, as part of the liaison maintained with State and 

regional activities, several presentations of "An Introduction/Overview of the Division of 

Biological Effects." 

During the year several special assignments were carried out, inclu,ding a mm1-

experiment on nitrosamines in bacon cooked via microwave oven and conventional fry pan 

methods; a summary of Division representation on FDA, PHS, AND BRH Task Forces; 

coordination of Freedom of Information requests on the Utah Fallout Study; a partial 

summary of Division representation on Project Advisory Groups (PAGs) for foreign and 

domestic contracts; and an initial follow-up of fire hazards associated with microwave 

diathermy therapy. The involvement of staff on committees and task forces is shown in 

the following table. 

*Other document review categories: Policy Procedures, Consumer Education, Nuclear 

Medicine, Quality Assurance, State Emergency Planning, Guidance on Accidental Radiation 

Exposure, and Cost/Benefit Analysis. . I 
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DBE Representatives on Interagency and Agency Committees and Task Forces 
(alphabetical listing) 

Albrecht, Robert M. 

Planning Committee for RF/Microwave 
PUVA Therapy Task Force 
Fluorescent Lamp Task Force 
PHS Task Force on Clinical Laboratories Improvement Act, 1978 

Andersen, F. Alan 

PUVA Therapy - Chairperson 
Radiation Therapy Task Force 
Fluorescent Lamp Task Force 
Mercury Vapor Lamp Task Force 
Sunlamp Task Force 
Interagency Medical Radiation Recommendation Task Force 
Microwave Diathermy Task Force 
PMS Planning Committee for Light Radiation - Chairperson 
Classification of Regulatory Review Scientists in FDA Committee 
BRH Health Hazards Evaluation Committee (Informal Member) 
Tanning Booth Task Force 

Best, Charles L. 

BRH Planning Workshop 

Bockstahler, Larry E. 

Committee on Photobiology, Illuminating Engineering Society 

Budd, Roger A. 

Ionizing Radiation - Consumer and Industrial Products Task Force 

Chase, Helen C. 

BRH Scientific Review Committee 
FDA Research Involving Human Subjects Committee 

Chiacchierini, Richard P. 

PHS Epidemiologist Training Steering Committee 
lnteragency Epidermiology Working Group 
Ionizing User Control PMS Task Planning Committee 
Referral Criteria Grant Advisory Committee 
Mammography Task Force 

Chissler, Pamela G. 

Tanning Booth Task Force 
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Christman, Christopher L. 

Minicomputer Review Group 

Cyr, Wilbur H. 

Computed Tomography Task Force 
FDA Bio-Research Monitoring Committee - Investigator Sponsor Task Force 
Subcommittee on Environmental Mutagenesis 
PMS Planning Committee for Ionizing User Control 

Galloway, William D. 

Joint EPA/FDA Neurotoxicology Programs Committee 
Microwave Diathermy Task Force 

Hamilton, Peggy M. 
·-

PMS Planning Committee for Diagnostic Nuclear Medicine 

Jacobson, Elizabeth D. 

Fluorescent Lamp Task Force - (Alternate) / 
Metabolism Panel (FDA Toxicology Advisory Committee) 

Krell, Kenneth 

Fluorescent Lamp Task Force 
FDA Bioresearch Monitoring Program - BRH Coordinator 

Leach, William M. 

Fluorescent Lamp Task Force - Chairperson 

I 

FDA Bioresearch Monitoring Program - Investigator Sponsor Task Force 
Bio-Effects of Nonionizing Emergency Radiation (BENER) Task Force 
FDA Laboratory Chemical Safety (Primate Steering Committee) 

Lee, Wah 

PMS Planning Committee for Diagnostic Nuclear Medicine 
DBE Ionizing Radiation Research Planning Committee 

· Levine, Jerome P. 

Interagency Medical Radiation Recommendation Task Force (Alternate) 
PMS Planning Committee for Diagnostic X-Ray: Regulatory 
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Lundin, Frank E., Jr. 

PMS Planning Committee for Light Radiation 
Mammography Task Force - Chairperson 
BRH Scientific Review Committee (Alternate) 
lnteragency Epidemiology Working Group 
Institutional Review Committee 

Lytle, Carl D. 

Fluorescent Lamp Task Force - Vice-Chairperson 
PMS Planning Committee for Light Radiation 

Monahan, John C. 

PMS Planning Committee for RF/Microwave 
RF Sealer Committee 
IRLG Committee on RF/Microwaves 

Roney, Paul L. 

Radiation Exposure Data (RED) Task Force 
PMS Planning Committee for Sonic Radiation 

Shore, Moris L. 

Mammography Task Force 
BRH Health Hazards Evaluation Committee 
PHS Clinical Laboratories Improvement Act, 1978 
FDA Visiting Scientists Program Peer Review Board 

Silverman, Charlotte 

FDA Visiting Scientists Program Peer Review Board - Alt. Rep. 
Mammography Task Force 
FDA Bioresearch Monitoring Program, Institutional Review Board Task Force 
FDA Research Involving Human Subjects Committee 
BRH Scientific Review Committee - Chairperson 
Interagency Committee on Federal Research into the Biological Effects of Ionizing 

Radiation 

Stratmeyer, Melvin E. 

Ultrasound Working Group 

Youmans, Harry D., Jr. 

Computed Tomography Task Force 
BRH Radiation Safety Committee 
PMS Planning Committee for X-ray: New Technology 
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SPECIAL FOREIGN CURRENCY PROGRAM AGREEMENTS (PL 83-480) 

RELATIONSHIP BETWEEN INCIDENCE OF LEUKEMIA AND EXPOSURE 
TO DIAGNOSTIC RADIATION 

Tadeusz Majle, National Institute of Hygiene 
Warsaw, Poland 

Frank E. Lundin, Project Officer 

The objective of this study is to conduct a case-control study of leukemia in adults with 

regard to previous exposure to radiation used for medical and dental diagnosis. The study 
pays particular attention to dosimetry of the diagnostic equipment and procedures used. 
One thousand cases are being drawn from the files of the cancer registry at the Intitute of 
Oncology and an equal number of controls are being drawn from population census files. 

The controls are matched to the cases on age, sex, and education; and for deaths, on age, 
sex, and year of death. Subjects or close relatives of deceased subjects are being inter

viewed, and questionnaires are being completed by a trained interviewer. 

PROGRESS: A pilot study has been completed in which the methods have been tested, and 
data collection for a full scale study is underway. Cities in ten regions are participating in 

the study, and over 700 cases of leukemia have been identified. Data collection and analysis 
will continue for an additional 2 years. 

STUDIES OF DOSE-EFFECT RELATIONSHIPS FOR CHROMOSOMAL ABERRATIONS 
IN PERIPHERAL BLOOD LYMPHOCYTES AFTER TOTAL AND PARTIAL 

BODY GAMMA IRRADIATION 

Julian Liniecki, Medical Academy of Lodz, Medical Research Center 
Division of Nuclec1:r Medicine and Radiobiology, Lodz, Poland 

F. Alan Andersen, Project Officer 

The objective of these studies is to determine how to use chromosome analysis for 
estimating accidental partial body exposures to ionizing radiation. Dr. Liniecki • had 

previously developed an animal model for estimating gamma radiation exposures to the 
entire body based on the damage produced in the chromosomes of circulating blood lympho
cytes. This work extends that effort to use of a biological indicator (chromosome 
aberrations) to estimate the magnitude of partial body exposures. 

Live rabbits have been irradiated, and chromosome aberrations and radiation have been 
analyzed as a function of the whole or partial body dose delivered. The critical nature of 
the chromosome aberration assay system's use of only cells undergoing their first cell divi
sion has been identified by Dr. Liniecki. In addition, careful determinations of radiation 
exposure are being made constantly. 
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PROGRESS: The relationship between chromosome aberrations and radiation dose to the 
whole body has been reconfirmed. Preliminary results suggest that partial body exposures 
produce chromosome damage not directly proportional to the portion of the body exposed, 
nor to the part of the peripheral blood system exposed. 

Chromosome aberrations have been used for some time as an indicator of total biological 
damage following radiation exposure because they give a measure of the actual exposure 
when none might exist in an accident situation. These preliminary results suggest that 
biological damage following partial body exposure may be misjudged if damaged models 
from whole body exposures are used. 

EFFECT OF MICROWAVE RADIATION ON THE NER YOUS SYSTEM 

Dr. Asim Jamakosmanovic, Institute of Physiology and Biochemistry 
Medical Faculty, University of Sarajevo, Sarajevo, Yugoslavia 

Moris L. Shore, Project Officer 

The present study attempts to characterize and correlate changes in the bioelectric and 
biochemical activity of the central and peripheral nervous system that may be induced by 
exposure to microwave radiation. 

A number of investigations have indicated that microwave radiation can induce a variety 
of changes in the nervous system. These include morphological alterations of neuronal cells; 
behavioral effects, including aversion response; changes in attentive behavior, and 
alterations in subjective ability to judge time; alterations in blood brain barrier; changes in 
calcium binding on cell membrane in the central nervous system; and alterations in the EEG. 

This study evaluates the effect of microwave exposure on the EEG in rats. Studies also 
evaluate changes in ATP, ADP, AMP, CP, ACh, and AChe. Correlations of changes in 
bioelectric and biochemical parameters will be performed in adult animals as well as in 
newborn animals exosed to microwaves in utero. 

PROGRESS: 

EEG 

1. Single acute exposure of rats to 2450 MHz microwaves (6.37 J/g) on days 6 to 8 of 
postnatal development caused a depression of bioelectric activity and periods of 
prolonged electrical silence in the EEG measured 1 hour after exposure (compared 
to sham exposure). No effects were observed with exposures on days 15 to 17, 25 
to 30, and in adult rats • 

• 
2. Single acute exposure of rats to 2450 MHz microwaves in utero (5.33 J/g) on day 

10 of gestation were associated with decreased amplitude of EEG waves and ex
tended periods of electrical silence on days 6 to 8 of postnatal development. No 
effects were seen in animals in which EEG was examined on days 15 to 17, 25 to 
30, and 53 to 60 days of age. 

3. Rats were exposed to 2450 MHz microwaves (6.44 J/ g) daily from day 6 of age 
through day 11 of age. The total absorbed dose for the six exposures was 
39.84 J/g. EEG was examined on day 11 of age. EEG activity was discontinuous, 
with periods of electrical silence and decreased amplitude of waves. These 
are elements of immature EEG activity compared to the controls. 
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ATP-ADP-AMP 

1. Single acute exposure to 2450 MHz microwave (6.12 J/g) was associated with 
significant changes in ATP, ADP, and AMP levels in brain with exposures on day 
7 of age. Rats were sacrificed and assayed immediately following exposure. No 
changes were seen in animals exposed on day 15 and 24 of postnatal age or in 
adult animals. 

2. Following single exposure of pregnant rats to 2450 MHz microwaves (6.01 J/g} the 
following was observed: (a) significant increase of ATP level in brains of exposed 
rats on day 7, 15, and 24 of age. No changes were observed in rats 35 days after 
birth; (b) signficant decrease of ADP level in rats 7 and 15 days after birth, 
increase 24 days after birth and no change on day 35; and (c) significant decrease 
of AMP level 7 and 15 days after birth, increase 24 days after birth, and no 
change 35 days after !birth. 

3. Following repeated daily exposure of rats to 2450 MHz microwaves from day 6 
through day 13 of age (8 exposures) ATP, ADP, and AMP levels were measured in 
brain on day 13. Significant increase of ATP level was observed and significant 
decreases of ADP and AMP levels in brain, relative to sham controls, were 
measured. 

ACh 

1. Single in utero exposure of rats to 2450 MHz microwave radiation (5.85 J/g} on 
day 10 after copulation was associated with a significant decrease in ACh content 
on the 6th day of age and an increase on 15 days, no change at 25 days. 

2. Single postnatal exposure of rats to 2450 MHz microwave radiation (6.21 J/g} was 
associated with a decrease in ACh content in brain on day 6, an increase on day 
25, and no change on day 15 nor in the adult. Rats were sacrificed immediately 
following exposure. 

AChe 

1. Single exposure of rats to 2450 MHz microwave in utero (5.86 J/g ·day 10 after 
copulation) was associated with a significant decrease of AChe activity on day 
6 and day 15 of age, and increase of activity on day 35 of age. No change from 
controls was observed on day 25. 

2. Single acute exposure of rats to 2450 MHz microwaves (6.09 J/g) was associated 
with significant decreases of A Che activity on day 6 and day 15 of age, as well as 
in adults. AChe activity was measured in brain immediately after exposure. No 
difference from controls was observed on day 25. 
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GENETIC AND DEVELOPMENTAL EFFECTS OF MICROWAVE 
IRRADIATION OF MICE 

Przemslaw Czerski, Director, Department of Human Genetics 
National Research Institute of Mother and Child 

Warsaw, Poland 

William M. Leach, Project Officer 

The objective of this project is to determine biological consequences of chronic exposure 
of animals to microwave radiation. A number of research studies report findings of 
biological responses to microwave and radiofrequency radiation exposure at power densities 
less than 100 mW/cm 2 , a level previously associated with a lower threshold for effects. 
The responses may be relatively subtle and sometimes transient, and include invoked 
audition, chromosomal disturbances, virus effects, blast transformation of lymphocytes in 
circulating blood, and other cellular disturbances in circulating blood. Teratogenesis in 
developing embryos has also been implicated after exposure at relatively low power 
densities. 

In the present study, aimed to examine four of the six types of effects listed above, mice 
are studied throughout their life spans in order to obtain information on effects of chronic 
exposure to microwave radiation (3000 ± 100 MHz). Irradiation is at a level below the time
averaged 10 mW/cm 2 flux recommended for maximum permissible exposure in the U.S. 
Both normal and leukemogenic inbred mice strains will be exposed daily, 6 days per week, 
for periods up to 12 weeks. Irradiated mice will be mated and observations will be made on 
the productive performance of the animals. Groups of pregnant female mice will be 
terminated near the end of pregnancy so that litters can be examined for anomalies. Other 
groups will be allowed to deliver normally, and surviving offspring will be observed for 
growth, maturation, and reproductive performance. Animal health will be monitored 
throughout the study, with detailed records being kept of infections and diseases, including 
leukemia and other cancer. Hematological, ocular, and chromosomal examinations wHl .also 
be performed. 

PROGRESS: Animals for the study have been obtained, and radiation exposures were initi
ated for the porti.on of the study in which animals are to be observed for two generations. 
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OTHER ACTIVITIES 

INTERAGENCY TASK FORCE ON HEAL TH EFFECTS OF IONIZING RADIATION 
(LIBASSI COMMITTEE) 

Helen C. Chase 

In May 1978, the White House directed the Secretary of Health, Education, and Welfare 
(HEW) to coordinate an interagency examination of the current knowledge and problems 
surrounding long-term effects of low levels of ionizing radiation on human beings. The 
Secretary established an Interagency Task Force on Health Effects of Ionizing Radiation 
with representation from seven government agencies. 

The Task Force established five work groups: Science, Records and Privacy, Radiation 
Exposure Reduction, Care and Benefits, and Public Information. The work groups were 
given assignments and later prepared reports for consideration by the Task Force. A 
summary of the. work group reports, and copies of the reports were released for public 
comment by the Secretary of HEW in February 1979, and final views of the participating 
agencies were transmitted to the President by the Secretary in August 1979. 

The report recommended the establishment of a coordinating adivsory committee, 
continued epidemiologic research with attention to problems of records access and privacy, 
further study of agency responsibilities and interagency relationships, and further study of 
problems of indemnification. 

The Deputy Ch1ef of the Epidemiologic Studies Branch, DBE, served as a member of the 
Work Group on Science, and as a consultant to the Work Group on Records and Privacy. 

INTERAGENCY COMMITTEE ON FEDERAL RESEARCH INTO THE 
BIOLOGICAL EFFECTS OF IONIZING RADIATION 

Charlotte Silverman 

Under a Congressional mandate included in PL 95-622, "The Biomedical Research 
Extensions Act of 1978," the Secretary of Health Education, and Welfare was directed to 
establish a comprehensive program of research into the biological effects of low-level 
ionizing radiation and to conduct a comprehensive review of research programs in this area. 
In a memorandum of January 18, 1979, the Secretary designated the Director of the 
National Institutes of Health manager of these activities. 

The first Federal interagency meeting with representatives of the various agencies 
concerned with ionizing radiation was held on March 2, 1979. The Food and Drug Adminis
tration was represented by the Director, Bureau of Radiological Health and the Deputy 
Director, Division of Biological Effects, who were subsequently designated as members of 
the parent committee and several subcommittees. 
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INTERAGENCY REGULATORY LIAISON GROUP RF/MICROWAVE COMMITTEE 

F. Alan Andersen, Moris L. Shore, and John C. Monahan 

The objective of this effort was to represent the Food and Drug Administration on this 
Committee. The Interagency Regulatory Liaison Group (IRLG) was formed in October 1977 
to coordinate the activities of four regulatory agencies in the control of hazardous 
materials for the protection of public health. The original agencies, the Consumer Product 
Safety Commission, the Environmental Protection Agency (EPA), the Food and Drug 
Administration (FDA), and the Occupational Safety and Health Administration (OSHA), were 
recently joined by the Food and Consumer Services of the Department of Agriculture to 
form the present Regulatory Liaison Group. 

In September 1978 the agency heads agreed to extend the area of cooperative concern to 
cover radiofrequency and microwave radiation. Only three of the agencies--EPA, FDA, 
OSHA--had regulatory responsibilities in this area so these three formed the Radiofrequency 
and Microwave Committee. The National Institute for Occupational Safety and Health 
(NIOSH), which has a supportive role to OSHA and the Federal Communications Commission 
(FCC), were subsequently asked to participate. 

The Committee held its first meeting in October of 1978, and meetings have been 
convened every 4 to 6 weeks since that time. 

The five objectives of the Committee are: 

1. Develop a consistent radiation protection philosophy for radiofrequencies and 
microwaves. 

2. Coordinate the development of a comprehensive biological effects survey report 
on published experimental and epidemiological studies, considering the efforts of 
all agencies. 

3. Identify common research needs and coordinate a biological and physical research 
program. 

4. Identify radiofrequency and microwave emitters and the population exposed; 
identify significant sources and categorize them. 

5. Develop a coordinated control and a corrective action plan in areas of overlapping 
jurisdictions. 

The Committee has identified the industrial radiofrequency heat-sealers as a high 
priority to be considered for regulatory action and has developed a plan of action as 
directed by our fifth objective. The manufacture of that product can be controlled under 
the Radiation Control for Health and Safety Act administered by FDA, and the use of that 
product in the work place can be controlled under the Occupational Health and Safety Act, 
administered by OSHA. A coordinated regulatory approach is required for effective control. 
Due to the potential hazard of exposure of workers to radiation from radiofrequency 
sealers, the IRLG Committee has selected this product as the first concern under this 
objective. 

Radiofrequency sealers operate primarily in the 27.12 MHz ISM band, although operating 
frequencies from at least 10 MHz to 60 MHz have been observed. RF sealers have been 
produced for more than 30 years, and there are an estimated 5,000 in use today. They· 
generate an RF field which emanates from special electrodes that serve to heat, melt, ahd 
seal materials such as plastic and rubber. RF sealers are used in the manufacture of many 

70 



commercial products such as handbags, golf bags, shoes, etc., as well as in embossing and 
drying operations. Several investigators from a number of different laboratories have 

-performed measurements of the fields generated by these devices. Levels in excess of 200 
V/m and 10 A/m have been observed. 

The Committee has developed a plan of action entitled "An IRLG Plan to Reduce 
Excessive Exposure of Operators to Radiation from RF Sealers" that calls for specific 
actions by FDA, OSHA, and NIOSH. . This plan specifically identifies the regulatory 
authority of OSHA as the means to control the problem. No product performance standard 
development•is forecast by FDA. 

INTERAGENCY REGULATORY LIAISON GROUP EPIDEMIOLOGY WORK GROUP 

Frank E. Lundin 

The Epidemiology Work Group of the Interagency Regulatory Liaison Group meets 
infrequently to exchange information · about events that affect epidemiology in the 
component agencies (Food and Drug Administration, Environmental Protection Agency, 
Occupational Safety and Health Administration, Consumer Product Safety Commission, and 
the Department of Agriculture). In addition, the National Institute for Occupational Safety 
and Health participates in the Epidemiology Work Group because of its research role in 
relation to the regulatory agencies in the Department of Labor. A number of committees 
work on specific projects including Documentation Guidelines for Epidemiologic Studies. 
During the year there were 12 meetings. 

BRH SCIENTIFIC REVIEW COMMITTEE 

Charlotte Silverman 

The Division of Biological Effects has responsibility for the scientific review of proposed 
human studies in the Bureau of Radiological Health. Since October 1977 a permanent 
scientific review committee has assessed the iscientific merit of proposed intramural 
studies, and extramural studies' when appropriate, involving human subjects. Reviews and 
recommendations are forwarded to the FDA Research Involving Human Subjects Committee 
(RIHSC) which serves as the Agency's Institutional Review Board. 

The Bureau science committee is chaired by the deputy director of the Division, and its 
standing members include the Bureau representative to the RIHSC, the director of the 
Office of Health Affairs, the chief and deputy chief of the Epidemiologic Studies Branch, a 
statistician, and alternates. Membership is augmented by other Bureau staff or outside 
consultants for the review of specific projects as needed. 

During the year the science committee reviewed six proposed studies, for approval in 
principle or evaluation of specific protocols or. both, on the following subjects: High-Yield 
Criteria for Skull Radiography, Dosimetry of Radio Labeled Iodohippurate in Humans, 
Human Whole-Body and Organ Distribution of Certain Lung.:.scanning Agents, 1979 National 
Natality Survey and 1979 National Fetal Mortality Survey (Radiation Exposure During 
Pregnancy), Utah Thyroid Feasibility Study, and Clinical Trial of Routine Diagnostic 
Ultrasound Examinations During Pregnancy and Maternal-Fetal Monitoring During Labor and 
Delivery. 
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FDA COMMITTEE ON RESEARCH INVOLVING HUMAN SUBJECTS 

Helen C. Chase 

The Research Involving Human Subjects Committee (RIHSC) has a two-fold responsi
bility. It acts as the Institutional Review Board for research involving human subjects 
conducted by FDA employees on research in which they collaborate. It also reviews all 
extramural research involving human subjects that is funded by FDA. During the year, the 
Bureau has been represe·nted on the Committee by the Chief of the Epidemiologic Studies 
Branch and by the Deputy Chief. The Committee meets once a month, at a minimum, and 
calls special meetings as needed. 

RADIATION IN PREGNANCY - A REVIEW OF THE EFFECTS OF IONIZING RADIATION 
ON THE DEVELOPING EMBRYO AND FETUS 

Daniel A. Hoff man 

The Division of Biological Effects is preparing for publication a monograph on the 
effects of ionizing radiation on the developing embryo and fetus. The monograph is a 
review of the experimental and epidemiologic literature, with special attention to the age 
of the organism at exposure. 

The monograph consists of three main sections: experimental, genetic, and epidemiolgic. 
Each section is organized according to the age of the organism at the time of irradiation. 
Data are presented by period of development and by observed endpoints (for example, total 
mortality, cancer incidence). In addition to individual section summaries, there is a 
concluding summation and interpretation of the data from animal and human studies. Two 
appendices present an overivew of embryological development and a brief discussion of 
epidemiologic methodology. 
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Imaging Techniques, and Dosimetry of Ionizing Radiation. Bureau of Radiological Health, 
Rockville, MD, June 6-8, 1979. 
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APPENDIX C 

ACTIVE RESEARCH GRANTS 
(as of September 30, 1979) 

Elizabeth Woodard, University of Rochester, Rochester, NY 
"Neoplasms in Irradiated Human Populations" 

Don R. Justesen, University of Kansas Medical Center, Kansas City, KA 
"Biopsychological Studies of Microwave Irradiation" 

Mary B. Meyer, The Johns Hopkins University, Baltimore, MD 
"Long Term Effects of Prenatal X Ray on Human Females" 

Abraham Eisenstark, University of Missouri, Columbia, MO 
"Cell Damage by Near-UV Light and Tryptophan Photoproducts" 

Francis J. Fry, Indianapolis Center for Advanced Research 
Indianapolis, IN 
"Ultrasonic Toxicity Study" 

John P. McCormick, University of Missouri, Columbia, MO 
"Near-UV Photosensitized Oxidation of Biomolecules" 

Shih Y. Wang, The Johns Hopkins University, Baltimore, MD 
"Ultrasonic Radiation of Nucleic Acids and Components" 

Morton W. Miller, The University of Rochester, Rochester, NY 
"Ultrasound Effects on Nucleic Acids and Cell Cycle" 

Joseph K. Gong, SUNY at Buffalo, Buffalo, NY 
"Erythroid Effects of Radiation in the 1.0 R Range" 

Robert M. Lebovitz, University of Texas Health Center, Dallas, TX 
"Biologic Responses to a Chronic Microwave Environment" 

Theodore Lawwill, University of Louisville, Louisville, KY 
"Retinal Damage Caused by Chronic Exposure to Light" 

William D. O'Brien, Jr., University of Illinois, Urbana, IL 
"Ultrasonic Dosimetry" 

Earl W. Prohofsky, Purdue Research Foundation, West Lafayette, IN. 
"Interaction of DNA Double Helix with EM Fields" 

Frank S. Barnes, University of Colorado, Boulder, CO 
"Nonlinear Interactions of Electromagnetic Waves with Biological 
Membranes" 

W. Ross Adey, Jerry L. Pettis Memorial VA Hospital, Loma Linda, CA 
"Electromagnetic Radiation and Biological Systems" 
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223-78-6018 

223-7 5-6055 

223-76-6002 

223-76-6053 

223-77-6007 

223-79-6005 

ACTIVE RESEARCH CONTRACTS 
(as of September 30, 1979) 

WESTERN KENTUCKY UNIVERSITY, Bowling Green, KY 
Project Officer: Dr. Larry Bockstahler 

Wavelength Dependence of Latent Tumor Virus Activation by Light: 
To determine the relative sensitivity of latent tumor virus to activation 
at different light wavelengths, with emphasis on near ultraviolet and 
visible light. 

NATIONAL ACADEMY OF SCIENCES, Washington, DC 
Project Officer: Dr. Richard Chiacchierini 

Advisory Committee to the Radiation Registry of Physicians: To sup
port the NAS-NRC Advisory Committee to the Radiation Registry of 
Physicians, and to convene two meetings of the Committee to review and 
evaluate the progress of the project and to provide guidance and 
recommendations. 

COLORADO ST A TE UNIVERSITY, Fort Collins, CO 
Project Officer: Dr. Moris Shore 

Study of Long-Term Effects in the Beagle from Whole Body Exposure 
to Ionizing Radiation at Different Periods of Development: To exam
ine on a long-term basis the effects of ionizing radiation when delivered 
at various periods of development of the beagle. 

RESEARCH TRIANGLE INSTITUTE, Research Triangle Park, NC 
Project Officer: Peggy Hamilton 

Followup Study of Persons who had I and other Diagnostic Pro
cedures During Childhood: To identify, locate,. followup, and ascertain 
general health status in persons exposed to diagnostic I during child
hood, along with two control groups. 

UNIVERSITY OF COLORADO MEDICAL CENTER, Denver, CO 
Project Officer: Dr. Charles R. Stark 

Followup Study of Possible Adverse Effects of Ultrasound Exposure 
of the Fetus: To determine whether there is an association of long-term 
adverse effects in children at 5 to 8 years of age with exposure to 
diagnostic ultrasound during fetal life. 

BIO CON, INC., McLean, VA 
Project Officer: Dr. Melvin Stratmeyer 

Housing and Care for Long-Term Experimental Animals: To provide 
trained and qualified animal caretakers for the experimental animals. To 
provide full-time on-site supervisor. Provide for inspection by a veteri
narian. To provide adequate care and handling of animals to insure proper 
dietary requirements and a healthy environment through proper 
maintenance of the animal facilities. 
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223-79-6013 

223-79-6015 

224--79-6006 

223-77-6026 

UTAH BIOLOGICAL TESTING LABORATORY, Salt Lake City, UT 
Project Officer: Stephen Sykes 

Animal Model to Study Ultrasound-Induced Thrombogenesis: To per

form services leading to a scientifically justifiable laboratory animal 

model of blood clotting in humans, for in vivo studies of ultrasound/ 

platelet interactions. 

UNIVERSITY OF VERMONT, Burlington, VT 
Project Officer: Christopher Christman 

Design, Construction, and Testing of an In Vivo Cavitation Detector: 

To develop an in vivo cavitation detection system that will indicate the 

preseP.ce of resonance size bubbles in tissue. 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH, 

Cincinnati, OH 
Project Officer: Dr. Richard Chiacchierini 

Case Comparison Study of Childhood Cancer and Parental Employ

ment: To provide partial funding for the support of the Oxford Survey of 

Childhood Cancers and to provide NIOSH with data and analysis of 

relationships between childhood cancer and parental employment. 

UNIVERSITY OF BIRMINGHAM, Birmingham, ENGLAND 
Project Officer: Dr. Richard Chiacchierini 

Statistical Analysis of Data Collected in the Oxford Survey of 

Childhood Cancers: To use the data already collected in the Oxford 

Survey to study human radiosensitivity, the process that enables radiation 

to cause cancers. 
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APPENDIX D 

DIVISION OF BIOLOGICAL EFFECTS STAFF 
(as of September 30, 1979) 

OFFICE OF THE DIVISION DIRECTOR 

Moris L. Shore, Ph.D. 
Rachel H. Draley 
Charlotte Silverman, M. D. 
Lois I. Strauser 
Evelyn B. Surles 
Charles L. Best 

Gail M. Streiter 
Elaine Von Hatten 

Director 
Secretary 
Deputy Director 
Secretary 
Technical Publications Editor 

. Assistant Director for Operations 
and Management 

Administrative Assistant 
Staff Assistant 

EXPERIMENT AL STUDIES BRANCH 

William M. Leach, Ph.D. 
Lori P. Rosenbloom 

BIOPHYSICS STUDIES SECTION 

Harry D. Youmans, Jr. 
Christopher L. Christman 
Henry S. Ho, Ph.D. 
Wah Lee 
William P. Edwards 
William D. Spohn 

DEVELOPMENTAL STUDIES SECTION 

Kiki B. Hellman, Ph.D. 
Richard P. Felten 

· Anthony Lamanna 
Tim L. Pay 
Frieda Z. Pinkavitch 
Melvin E. Stratmeyer, Ph.D. 
Amparo G. Strickland 
Thomas A. Fuchs 
Georgia B. Schuller, Ph. D 

GENETIC STUDIES SECTION 

Elizabeth D. Jacobson, Ph.D. 
Frederick L. Buchta 
Maria H. Lugo 
Thomas J. Withrow 
Mary J. Dempsey 
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Branch Chief 
Secretary 

Section Chief 
Bio- Engineer 
Electronics Engineer 
Research Physicist 
Electronics Engineer 
Electronic Technician 

Section Chief 
Research Chemist 
Research Chemist 
Research Biologist 
Biological Laboratory Technician 
Research Chemist 
.Medical Laboratory Technician 
Biological Laboratory Technician 
Microbiologist 

Section Chief 
Biophysicist 
Biologist 
Research Biologist 
Biologist 



NEUROPHYSIOLOGIC STUDIES SECTION 

William D. Galloway, Ph.D. 
Natalie T. Brown 
Wendon W. Henton, Ph.D. 
John C. Monahan 
Morris L. Waxler, Ph.D. 
Jean P. Nageli 
Benjamin R. Fisher 

PATHOLOGIC STUDIES SECTION 

Larry E. Bockstahler, Ph.D. 
Janet E. Cantwell 
C. David Lytle, Ph.D. 
Terrye G. Zaremba, Ph.D. 
Janusz Z. Beer, Ph.D. 
Darlene M. Tait 
Jong Choe 

SOMATIC STUDIES SECTION 

Kenneth Krell, Ph. D 
W. Howard ~yr, Ph.D. 
Warren L. Ridgley 
Lawrence I. Simmons 
Stephen M. Sykes 
Kenneth T. S. Yao, Ph.D. 
Fredericka R. Seeke 

TOXICOLOGIC STUDIES SECTION 

Esther S. Ferri 
. Russell L. Carpenter, Ph.D. 

Glen L. Donovan 
Marion Marrone 
Mary Ellen Mahoney 

Section Chief 
Microbiologist 
Research Psychologist 
Research Psychologist 
Research Psychologist 
Secretary 
Microbiologist 

Section Chief 
Microbiologist 
Research Biophysicist 
Research Chemist 
Visiting Scientist 
Clerk-Stenographer 
HEW Staff Fellow . 

Section Chief 
Research Biophysicist 
Engineering Technician 
Research Chemist 
Biologist 
Animal Genetist 
Biologist 

Section Chief 
Research Biologist 
Biologist 
Clerk-Typist 
Biological Aid 

EPIDEMIOLOGIC STUDIES BRANCH 

Frank E. Lundin, Jr., M. D. 
Helen C. Chase, Dr. PH 
Geraldine B. Pollack 
Ruth M. Prost 

EPIDEMIOLOGY SECTION 

Charles R. Stark, M.D. 
Peggy M. Hamilton 
Daniel A. Hoffman 
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Branch Chief 
Deputy Branch Chief 
Secretary 
Secretary 

Section Chief 
Statistician (Health) 
Epidemiologist 



STATISTICS SECTION 

Richard P. Chiacchier ini, Ph.D. 
Mary K. Barrick 
Louise French 
John R. Parsley 
Gordon Jessup, Ph.D. 
Phy His M. Sternthal 

SPECIAL PROJECTS SECTION 

Robert M. Albrecht, M. D. 
Paul L. Roney 

Section Chief 
Statistician 
Statistical Assistant 
Statistical Clerk 
Mathematical Statistician 
Statistician 

Section Chief 
Survey Statistician 

STANDARDS SUPPORT STAFF 

F. Alan Andersen, Ph.D. 
Nina R. Edwards 

STANDARDS COORDINATION SECTION 

Jerome I. Levine 
Sallie L. Henderson 

SCIENTIFIC DATA SECTION 

Roger A. Budd 
Sarah Jane Smith 

MEDICAL DAT A SECTION 

Loren F. Mills, D.D.S. 
Pamela G. Chissler 

85 

Staff Chief 
Secretary 

Section Chief 
Standards Coordination Specialist 

Section Chief 
Technical Information Specialist 

Section Chief 
Reference Assistant 



APPENDIX E 

FOREIGN VISITORS TO THE DIVISION OF BIOLOGICAL EFFECTS 
(Fiscal Year 1979) 

10/30/78-11/3/78 - Working Group to Revise Chapter on Microwave and Radiofrequency 
Radiation for the World Health Organization: 

J 

11/ 14/78 

12/06/78 

12/12/78 

1/10/79 

3/29/79 

Dr. med. P. Czerski 
Professor of Medical Sciences 
WHO Collaborating Center for Biological 

Effects of Non-Ionizing Radiation 
National Research Institute of Mother & Child 
Warsaw, POLAND 

Mr. F. Harlen 
Principal Scientific Officer 
National Radiologic Protection Board 
Harwell Didcot, UNITED KINGDOM 

Mr. M.H. Repacholi 
Head, Non-Ionizing Radiation Section 
Consumer and Clinical Radiation, Hazards Division 
Health and Welfare, Canada 
Ottawa, CANADA 

Dr. B. Servantie 
Section of Cellular Biology 
Naval Center for Applied Biophysical Studies and Research 
Sainte-Anne, FRANCE I 

Dr. Bertil Perssons 
Radiation Physics Department 
University of Lund 
Amenden, SWEDEN 

Atoni K. Gajewski, Ph.D. 
Department of Radiological Protection & Radiobiology 
National Institute of Hygiene i 
Warsaw;POLAND ' 

R.H. Mole, MA 
External Scientific Staff Radiobiology Unit 
Medical Research Council · 
Harwell Didcot, ENG LAND 

Janusz Z. Beer, Ph.D, D.Sc. 
Department of Radiobiology & Health Protection 
Institute of Nuclear Research 
Warsaw, POLAND 

Patrick J. Barrett 
Radiation Health Branch, Alberta Labour 
Edmonton, Alta., CANADA 
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3/30/79 

4/11/79 & 
4/19/79 

4/27/79 

Mr. Sev Fluss 
Office of Publications 
World Health Organization 
Geneva, SWITZERLAND 

Louis M.F. Masse 
Ecole-Nationale De La Sante Publique 
Cedex, FRANCE 

Tadeusz Jerzy Mazurczak, M.D., Ph.D. 
Senior Research Worker, Dept. of Genetics 
National Research Institute of Mother & Child 
Warsaw, POLAND 

6/04/79 - The Chinese Study Mission on Quarantine and Surveillance of 
Communicable Diseases: 

Dr. Luo Dongxiang 
Deputy Director 

Dr. Zi Weilian 
Deputy Director 

Bureau of Hygiene and Epidemic Prevention 
Ministry of Public Health 

Provincial Bureau of Public Health 
Hebei Province 

Or. Dong Hanchen 
Deputy Director 
Institute of Epidemiology 
Chinese Academy of Medical Sciences 

Dr. Bai Guijung 
Quarantine Doctor 
Ministry of Public Health 

Dr. Wu Zishan 
Quarantine Doctor 
Dalian Health and Quarantine Service 

6/25-6/29/79 - WHO Editorial Meeting: 

Dr. E. Komarov 

Prof. He Guanqing 
Professor 
Institute of Epidemiology 
Chinese Academy of Medical Sciences 

Dr. Chen Quijun · 
I\. A Quarantine Doctor 
JV1 (Shanghai Health and Quarantine Service 

Dr. Xu Hua 
Quarantine Doctor 
Beijing Health and Quarantine Service 

Division of Environmental Health 
World Health Organization 
Geneva, SWITZERLAND 

Dr. H. Jam met and Dr. A. Duchene 
Centre d'Etudes Nuclearies 
Fontenay Aux Roses, FRANCE 

Dr. P. Czerski 
Warsaw, POLAND 

Mr. M.H. Repacholi 
Ottawa, CANADA 

Mr. F. Harlen 
Harwell Didcot, UNITED KINGDOM 
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8/07/79 

8/29/79 

9/12/79 

9/13/79 

Dr. Pierre Deschaux 
Laboratory of Cellular Physiology 
University of Claude Bernard 
Villeurbonne, FRANCE 

Dr. Paul Lancaster 
Sydney, AUSTRALIA 

Dr. Wanda Stodolnik-Baranska 
Head, Laboratory of Electron Microscopy 
Institute of Biostructure, Medical School 
Warsaw, POLAND 

Ms. Pruna Zadka 
Director, Health Section 
Central Bureau of Statistics 
Jerusalem, ISRAEL 
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