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The te=t’ belEng on Research Triangle Institute’s 180-acre campus in the Research Triangle Park is named for RTI Board of Governors
ckair=1n Georpe Watts Hill, center. With him, from left, are vice-president and treasurer William H. Perkins, Jr., corporate vice-president S. C.

Aslzer, prevident George R. Herbert, and Board executive committee member William F. Little, University of North Carolina at Chapel Hill
Datimp==shed Professor of Chemistry.



RTI In Brief

Operation

Research Triangle Institute is a not-for-profit
organization performing research under contract
with departments of Federal and State
government, corporations, industrial associations,
public service agencies, and other clients.

Formation

In December of 1958 rTI was incorporated as a
separate research affiliate by joint action of the
University of North Carolina at Chapel Hill, Duke
University at Durham, and North Carolina State
University at Raleigh. Research operations began
in the spring of 1959.

Location

RTI occupies ten laboratory and office buildings on
a campus of 180 acres in the 5,500-acre Research
Triangle Park centered near the university cities of
Raleigh, Durham, and Chapel Hill. A 13,000-
square foot annex for some energy and
environmental research activites is located in
Durham, and rTI maintains an office in
Washington, D. C.

A major construction program was announced in
1978 that includes a 20,000-square foot addition to
the Camille Dreyfus chemistry and life sciences
building, and large new structures for research
services and engineering research.

As contractual commitments require, staft
members are temporarily assigned to locations
throughout the United States and abroad.

Growth

REVENUES srues
1978 $30,125,000 KA
1977 26,000,000 &
1976 17,500,000 =
1975 16,200,000 [ShN
1970 7,500,000 U
1965 3,600,000 243
1960 280,000 =




Funding

RTI contract revenues are generated by project
charges to clients. After payrolls, purchases, and
other charges, net revenues are reinvested in
Institute facilities and development. Buildings and
facilities are valued at $11 million.

The Research Triangle Foundation provided a
start-up grant of $500,000 to finance initial
operating deficits until rT1 reached the break-even
point in 1962, and donated 180 acres for the rRTI
campus. The Foundation is a trusteeship which
promotes the resources and manages
development of the Research Triangle Park.

The State of North Carolina has participated in

Institute growth through grants totaling $1,015,000

for the acquisition of scientific equipment. Capital

contributions of $2,990,000 have also been

received from individuals, foundations, and
usiness concerns.

University Affiliations

Joint ownership by and close working ties
with its founding universities are of the utmost
importance to rRTL. Cooperative research is conduct-
ed in many subject areas, and the availability

of faculty members as project consultants greatly
enhances RTI research capability.

DURHAM

DUKE
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NORTH CARQUINA
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NORTH CAROLINA
STATE UNIVERSITY

Board of Governors

RTI'S Board of Governors consists of 13
representatives from the parent Triangle
Universities, 13 members elected from

the business and professional communities,
and the Institute president.



Alertness to the concerns and needs that determine national
goals and priorities has been a decisive influence in shaping Research
Triangle Institute’s character and stimulating its growth.

During the formative years that followed the beginning of RTI
operations in 1959, the major concerns that engaged the nation’s
applied research community included defense and weapons, nuclear
physics, electronic communications, information systems, industrial
processes, materials, and the all-out space effort.

The young Institute lacked an established track record in
these areas. However, the decision had been made that RTI, bene-
fiting from its regional origin and clear regional identity, should
strive to serve national purposes by building programs and staff that
encompassed a broad spectrum of the sciences and by attracting
a widely diversified sponsorship.

Under this policy, RTI research managers initially concentrated
on building strength in statistical studies, systems reliability, natural
products chemistry, solid state electronics, civil defense preparedness,
and polymer physics and chemistry. Within three years these
programs achieved operating break-even for RTIon a 1962 annual
contract volume of $1.3 million.

Meanwhile, perceptible changes were taking place both in the
nation’s societal goals and in the Institute’s research interests.

Youth and flexibility enabled RTI to gear staffing and program
development to emerging national challenges, and Institute research
emphasis turned to meet them.

A distinguishing mark of Research Triangle Institute
operations is its degree of involvement in programs aimed at
improvements in the quality of life. Three-quarters of Institute
research effort is in areas directly concerned with health, education,
energy, environment, economic growth and regional development,
societal problems, and the structure of social organizations.

Thesé areas, combined with a continuation of strong programs
in the physical and engineering sciences, mark the course of future
growth and service for RTI.
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RTIsenior vice-president Alva L. Finkner, centér,with, from left, research vice-presidents William C. Eckerman, James . B. Worth, Daniel G. Horvitz,

and Monroe E. Wall.

RTI research activity is

organized into multidisciplinary
groups. The following pages contain
a representative selection from their
broad mix of research projects.

Social Sciences
William C. Eckerman
VICE-PRESIDENT

Statistical Sciences

Daniel G. Horvitz
VICE-PRESIDENT

Chemistry and Life Sciences

Monroe E. Wall
VICE-PRESIDENT

Energy, Engineering and
Environmental Sciences
James J. B. Worth
VICE-PRESIDENT



Social Sciences

" William C. Eckerman, Vice-President

George H. Dunteman
CHIEF SCIENTIST

Jay T. Wakeley
SENIOR SCIENTIST

James A. Street
DIRECTOR OF PROGRAM PLANNING

Multidisciplinary research

covers many subject and problem
areas that involve social and
economic systems and human
resources

Center for Educational
Research and Evaluation

Junius A. Davis, DIRECTOR

Research involves educational
program evaluations, assessments
of educational progress,
management information systems
development, and design of
educational research strategies,
including psychometric
applications. Recent emphasis
includes data-based policy studies,
educational system audits,
institutional governance and
planning, access to higher
education, and design of normative
and criterion-referenced testing
programs, Jongitudinal surveys,
and individualized education.

Lois A. MacGillivray, Alvin M. Cruze, and Kent D, Nash. Inset: Junius A. Davis.

Center for Health Studies
Kent D. Nash, DIRECTOR

Research in health systems
planning and services delivery
emphasizes substance abuse,
hazardous materials, medical
registry design and operation,
community health planning,
emergency care, manpower needs
forecasting, health professions
education, assessment of treatment
modality effectiveness, health care
costs and evaluation of medical
insurance benefits, assistance to
health maintenance organizations,
and dental care quality control
methods.

Center for Population
and Urban-Rural Studies

Lois A. MacGillivray
DIRECTOR

Research concentrates on broad
trends in population growth and
distribution, and the problems of
people living within urban and
rural communities. Specific studies
deal with population policy and
program development, urban and
rural organization and decision
making systems, socioeconomic
determinants of fertility, marital
disruption and family size, and
social, economic, and political
aspects of change in the U. S. and
less developed countries.

Center for the
Study of Social Behavior

Alvin M. Cruze, DIRECTOR

Research encompasses positive
aspects of human behavior as well
as priority areas of deviant
behavior. Programs include the
measurement of behavior,
motivations, and attitudes through
studies of drug abuse, use and
abuse of alcohol, crime and
delinquency, adolescent
psychology, consumer behavior,
dental service delivery, human
resource program analysis, and
problems of special concern to the
young and the aging.



Statistical Sciences

Daniel G. Horvitz, Vice-President
q. V. Shah, CHIEF SCIENTIST
aul G. Homeyer, SENIOR SCIENTIST

David L. Bayless, MANAGER OF PROGRAM DEVELOPMENT

Research aims at the development and use of sound and
cost effective methods for collecting and analyzing statistical information.

Computer Applications Center
Robert H. Thornton, DIRECTOR

Programming, data base
management, and data analysis
capabilities support data collection
activities throughout the Institute,
Research in software design,
systems analysis, and computer
applications includes simulation
modeling, large-scale data systems
design and modification, linear and
dynamic programming, and
developing software for data
editing, document receipt control,
and report production.

Sampling Research
and Design Center

James R. Chromy, DIRECTOR

.1esearch covers the design and
selection of efficient samples of
target populations for all Institute
national and regional surveys.
Sampling theory and statistical
applications programs include

211532

general unequal probability
sampling methods, response error
modeling, public health and
educational statistics, cost-variance
estimation, stochastic simulation,
optimization procedures, data
analysis, and randomized response
techniques.

Statistical Methodology
and Analysis Center

W. Kenneth Poole, DIRECTOR

Innovative methods and
modifications to known procedures
are applied to statistical problems.,
Research extends to design and
analysis of experiments, theory and
application of multivariate analysis,
mathematical and computer
simulation modeling, evaluation of
response errors in sample surveys,
optimization of survey design,
estimating variance components in
multistage surveys, and the
technical editing of statistical
literature.

Survey Operations Center

R. Paul Moore, DIRECTOR
Donald A. King, ASSISTANT DIRECTOR

Supervises and performs all phases
of survey data collection and
reporting. Develops field-testing
and scheduling procedures for data
collection, designs and pretests
questionnaires and other survey
instruments, conducts interviewer
training, edits and codes survey
data, and implements verification
and quality control measures.
Performs methodological studies
for enhancing data collection
techniques.

National Assessment
Administration Center

William K. Grogan, DIRECTOR

Designs field procedures and
coordinates data collection
activities for the administration of
educational assessment packages
to a national sample of students.
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R. Paul Moore, James R. Chromy, Robert H. Thornton, and William K. Grogan. Inset: W. Kenneth Poole.
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SOCIAL AXD STATISTICAL SCIENCES

SURVEY RESEARCH

The resources of RTI's Social
Sciences and Statistical Sciences
groups give the Institute a
distinctive capability among
national survey research
organizations.

The combined staff of the two
groups totals over 250 and includes
sociologists, economists, social
psychologists, political scientists,
demographers, health analysts, -
urban planngers, transportation
analysts, ecologists, and
educational specialists, as well as
statisticians expert in sample
design, survey methods and
operations, data processing, and
data analysis.

Each rT1 survey research project
emphasizes total survey design.
Appropriate measuring
instruments consistent with project
objectives are developed, and the
most cost effective methods are
used for collecting reliable and
accurate data from the population
group of interest. Sampling
strategies, modeling, and
multivariate analysis are often
combined with data collection
techniques in innovative ways to
solve specific problems.

THE RTI NATIONAL GENERAL
PURPOSE SAMPLE, consisting of 100
primary sampling units across the
country, is staffed by 10 off-site
field supervisors who hire, train,
and direct field interviewers
according to specifications
developed by central office survey
specialists.

A leading feature of rRTI's survey
research operations is the
availability of central staff
specialists for assignment to
specific locations throughout the
u.s. for on-site supervision of
community and state surveys.

10

Survey Research Capabilities

Complete survey
research services

e survey design

e questionnaire design

sample design and selection

e data collection

¢ data reduction and tabulation
e analysis and reporting

Sampling and
statistical methodology

¢ sampling methods and theory
experimental design

data analysis

statistical theory

complex survey
design evaluation

e modeling

Sampling frames

e national area
probability sample

e households and individuals

e hospitals, nursing
homes, physicians
e schools and universities

Data collection

e questionnaire
design, development,
and pretesting

¢ ‘methodological studies
of questionnaire formats,
response options,
alternate field
procedures, and
screening techniques

e field supervision
of data collection
mail, telephone, and
personal interviews

quality control of
data and procedures

Data processing
e data base design
direct data entry terminals.

e optical scan
machine scoring

¢ real time control systems

¢ file maintenance
and data retrieval

e report production

Quality of life
research experience

e population and
demographic surveys

e socioeconomic surveys
e national educational surveys

e state educational
assessments

e health surveys
e environmental studies
e program impact
and evaluation surveys

longitudinal surveys



Research Triangle Institute
conducts national, regional, state
and local sample surveys on a wide
range of social, economic and
health issues. Recent and ongoing
survey research projects include:

National medical care
expenditure study
National Center for
Health Services Research

Drug usage among

an arrestee population .
Drug Enforcement Agency
National assessment :
of educational progress
Education Commission

of the States

Health effects of
nitrogen oxides in
bient air
Environmental
Protection Agency

Household surveys
of births and deaths
National Center for
Health Statistics

Incidence of abortion

in urban North Carolina
School of Public Health,
University of North Carolina

National longitudinal
survey of

high school seniors
National Center for
Education Statistics

Follow-up of patients

treated with Iodine-131

Environmental

Protection Agency

Rural area

development coordination

Community Services
dministration

Safe schools study
National Institute
of Education

Social, economic, and
environmental effects
of water resource
development projects
Corps of Engineers,
U.S. Army

Women, infants

and children

nutrition survey

School of Public Health,
University of North Carolina

Registry of patients

on chronic dialysis
National Institute

of Arthritis, Metabolism
and Digestive Diseases

National survey of
individualized .
education programs
U. S. Office of
Education

Treatment outcome
prospective study
National Institute
on Drug Abuse

Statewide health
survey

Virginia Department
of Health

Study of health-related
and process outcomes -
associated with

prepaid dental care
Health Resources
Administration

Comparative study
of five fire
protection service
delivery systems
National Science
Foundation

State educational
assessments

12 States including
Florida, Maine
and Texas

Incidence, prevalence
and costs of head

and spinal cord injuries
National Institute of
Neurological and
Communicative Disorders
and Stroke

Followup of 1974
study of adolescent
drinking behavior
National Institute
on Alcohol Abuse
and Alcoholism

e G T e
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RTI's national general purpose sample consists of 100 primary sampling units across the U. S.

subdivided into 960 sample points.
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SOCIAL AND STATTSTICAL SCIINCYS

The goals of the National
Assessment of Educational
Progress (NAEP) are to provide
census-like information that
describes the knowledge, skills, and
attitudes of America’s young
people, and to measure changes in
these attributes over time.

A project of the Education
Commission of the States funded
by the U.S. Department of Health,
Education and Welfare, the
assessment includes written, oral,
and demonstration exercises
administered to students in all
sections of the country. It covers
ages 9,13, and 17.

RTI statistical scientists and
survey specialjsts have assisted
with NAEP planning and
implementation since 1966. They

National
assessment

of educational
progress

design the necessary sample
surveys, specify procedures for
identifying randomly selected
individuals to be assessed, and are
responsible for exercise
administration and data collection.

About 100,000 young people in
the three age groups are assessed
each year in two of ten subjects.
The same two subjects are
repeated with the same age groups
at five-year intervals. Results
obtained in the successive cycles
provide comparisons by which
changes in educational attainment
can be measured.

Assessment results are analyzed
by the Education Commission’s
NAEP staff, and reported for the u.s.
as a whole and for the nation’s four
major geographic regions.

12

Household interviews have been conducted tens of thousand of times across the country in
the National Medical Care Expenditure Survey to find out how much American families spend
for health care and how they spend it.

Science is among the ten NAEP assessment subjects. Others are art, career and occupational
development, citizenship, literature, mathematics, music, reading, social studies, and writing.
Special probes have also been made in consumerism and basic life skills.



RTI's National Medical Care
Expenditure Survey is obtaining
the most detailed information ever
gathered on U.S. health care costs.

U.S. health costs

Seven survey rounds have been
completed, each covering some
13,500 households and more than
40,000 individuals. Survey data
include the specific health
problems Americans experienced,
the medical services they received,
how much they were charged for
treatment, and how the bill was
paid. Further data are now being
obtained from respondents’
physicians and bther medical care
providers, as well as from insurers
and employers through whom
respondents received health
insurance coverage.

RTI's huge study for the National

enter for Health Services
Research and the National Center
for Health Statistics will aid in
assessing national health insurance
proposals, and in directing other
health research and planning
efforts.

RrTI provides data collection,
processing, and analysis services
for a University of North Carolina
at Chapel Hill pilot study to
evaluate the health effects of a U. S.
Department of Agriculture
supplemental food program for
pregnant women, infants, and

Food program
health effects

children. Data for the medical
evaluation include information
about sociodemographic status,
clinical and biochemical
'neasurements', and dietary habits
of 45,000 individuals from low
income families in 20 geographic
pilot areas.
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RYI statistical scientists combine basic research in the classical fields of experimental design,
sampling, and theory with new systematic approaches to clients’ action and planning

programs.

RrTI keeps track of the progress and
plans of more than 20,000 former
high school students in a national

High school
follow-up

longitudinal survey of seniors from

the class of 1972, The study’s aim is

to determine how individuals’ high

school experiences affect their later
attitudes, levels of aspiration and

performance, occupational choices,
and decisions to pursue technical
training or other forms of higher
education. Tracing techniques used
in follow-up surveys have enabled
RTI to maintain contact with more
than 90 percent of the students
included in a 1972 National Center
for Education Statistics probability
sample of high school seniors.

13



SOCIAL AND STATISTICAL SCTENCES

Alcoholism research at r11 includes
analyses of drinking behavior and
habits, assessment of alcoholic
treatment center operations, and
monitoring the effectiveness of
rehabilitation programs for the
public inebriate. Major studies
cover the evaluation of drinking-
driving countermeasures, the
alcoholic experiences of
adolescents and their attitudes
towards drinking, the social
situations in which drinking occurs

Alcoholism

and the amounts consumed as a
function of social context, recovery
from alcoholism in the absence of
formal treatment, multiple drug
use among alcoholic persons, and
differences in drinking behavior
determined for such cultural
variables as age, sex, ethnicity,
religious affiliation, and other
socioeconomic characteristics.

For several decades rural America
has not shared fully in the physical,
economic, and human resource
development investments made in
metropolitan areas. In a 2% year
study of Federal demonstration
projects in multi-county regions of
two states, RTI researchers are
conducting an evaluation of
Community Services Administration

Rural rehabilitation

programs which seek solutions to
some of the problems associated
with rural poverty. The purposes of
the demonstration projects are to
articulate the needs of rural
minorities, and to devise and
provide services which will
improve their incomes, educational
opportunities, health care, social
satisfactions, and general living
conditions. RTI's objective is to
gauge the effectiveness of the two
projects by measuring the attitudes

14

Health manpower research includes computer modeling to estimate the future demand for

registered nurses.

and degrees of satisfaction among
the individuals, families, and
communities that have received
increased services in the
demonstration areas.

Damage to the skull, brain tissue,
and spinal column makes up a
category of conditions that is

Head and spinal
cord injuries

variously estimated to affect
anywhere from three-quarters of a
million to eight million Americans

at any given time. RTI has conducted
a nationwide case survey to enable

the National Institutes of Health to
make more reliable estimates of the
incidence, prevalence, and costs of
head and spinal cord injuries. An
RTI advisory committee of leading
neurologists, neurosurgeons, and
other specialists specified the
medical definitions for the injuries
to be covered in the survey, and
provided needed guidelines for
collecting medical data from
hospitals, clinics, nursing homes,
rehabilitation centers, and
physicians in private practice. Cost
data include direct expenses of
patients, public expenditures for
care and facilities, and estimates of
manpower productivity losses.
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Drug usage and drug abuse are
subjects of special concern to
society and to RT1. An Institute
investigation into the relationship
between the use of illegal drugs
and the incidence of serious crimes
against the person is the most
comprchensive study yet
undertaken in this area of human
behavior. Related research
includes a statistical analysis of
pharmacy theft data, a study of

Drug abuse

measures for reducing drug abuse
in the Army, and a survey of
persons arrested on federal drug
charges and later implicated in or
charged with post-arrest drug
offenses. Major research programs
on substances of abuse are carried
out in RTI's Chemistry and Life
ciences Laboratory (see page 25).
With the national costs for drug
treatment and rehabilitation

RTI social scientists analyzed U.S. teenagers’ drinking habits

approaching the half-billion-dollar and their alcohol-related beliefs and attitudes in a national
per year range, government survey f more than 13,000 students at a randomly selected
agencies need reliable gauges for sample of 450 high schools. A follow-up to the 1974 survey is
assessing program effectiveness now being conducted.

and guiding future treatment,
managerial and budget policies. A
major means to this end is the
treatment outcome prospective
study (Tops), a three-year
longitudinal study sponsored by
the National Institute on Drug
Abuse to track a national sample of
drug abusers from time of entry
into treatment, through treatment,
and then back into their
communities after treatment.

Tops will use findings from a
large rT1 pilot survey of some 6,000
clients at 20 treatment centers as
initial, baseline data to measure the
results that can reasonably be
expected from various forms and
levels of treatment. Information

btained by rTI includes .
clients’ standard demographic Coa

characteristics, drug use patterns, RTI's Treatment Outcome Prospective Study is designed to help the National Institute on
family and peer relationships, Drug Abuse evaluate the performance of drug abuse treatment programs.

15



SOCIRL AXD SYITHTICAL SCTENCES

previous treatment, circumstances
which led to drug use and its
negative consequences, particularly
involvement in illegal activities.

Where firm, fair and consistent
school governance exists, where the
rules are known and disciplinary
measures enforced, crime and
violence are low.

This is among the leading
conclusions from a major 2%-year
study of violence and vandalism in
the nation’s public schools
conducted by r11 and the National
Institute of Education (NIE). The
U. S. Secretary of Health,
Education and Welfare announced
study results in 1978.

Safe schools

Safe School Study findings on
vandalism, burglary, and personal
theft, threats and assault confirm
the “commonsense” knowledge
that school personnel and
education officials already possess.
But they also provide far more
extensive documentation on the
nature, extent and cost of school
crime for the nation as a whole
than the fragmentary data that
previously existed.

Phase 1 of the research included
report sheets and questionnaires
coinpleted during randomly
assigned one-month periods by
principals at 4,014 public
elementary and secondary schoals.
Phase 2 consisted of on-site data
collection at 642 junior and senior
highs where questionnaire
information was obtained from
23,895 teachers and 31,373 pupils,
and where 6,283 students were
interviewed about details of each
incident in which they were victims
of assault, theft or robbery. In
Phase 3, ten secondary schools
were selected for intensive case
studies to examine the factors

16

Programming, data processing, and data analysis capability enables r11 to deal with very large
quantities of information in support of research in all Institute groups.

affecting the degree of success
which resulted from the schools’
efforts to cope with crime and
disruption.

RTI was responsible for all
aspects of the study’s statistical
methodology, and data collection,

processing and analysis. The data
tapes available at the NIE are
expected to remain for a long time
as the primary source for further
analyses of the school crime
problem and how to deal with it.




Fire claims an estimated 12,000
lives 22:d three billion dollars in
property damage every year. RT1is
compiling and analyzing census-
like survey data from 200
moderacelvsized (Iess than 1.5
million population) metropolitan
areas to evx!uate the organization
of thetr Fre protection delivery
systerms in regard to efficiency,
effectiveness, equity, and
responsivencss. The National Fire
Prozection Association and
International City Management

Association are collaborating in the
study for the National Science
Foundation.

Cities’ fire protection problems
vary according to such

Fire protection
systems

characteristics as area, population
density, location and climate,
industrial and residential patterns,
governmental system, equipment
resources, and budgets. In order to

relate an area’s fire service to its
context within the local
community, RTI researchers
examine these and other
characteristics in terms of fire
protection supply and demand.
Special emphasis is given to
quantifying the potential tradeoffs
between fire prevention activity
and fire suppression activity in

- reducing losses, and to providing

criteria by which cities can evaluate
the performance of their entire fire
protection systems.

2T Cerind a exsieen! registry of chronic
rremmia patierts who receive dialysis
trezzmee. I cerrent research, Institute
heath syyzerms anatvsts are performing

wrpescale stodics to evahuate the social
=pacts, incentives, and costs of dialysis
sel{-treatment a1 home compared with that
provided by hospitals, clinics, and other
outpaticrt dialysis centers.

POPSIM is a dynamic demographic
model designed for computer
simulation of the real-life processes
that occur among human societies
and their subpopulations. After a
population-is idéntified by specific
attributes such as age, sex, color,

Population
simulation

marital status, income, education
or other items, POPSIM generates a
vital history for each individual
that includes birth, marriage,
parenthood, divorce or
widowhood, illness, death, and
other events. Behavioral patterns
for the entire population of
individuals are observed through
time, then summarized and
reported in terms of numbers,
rates, and other descriptive
statistics.

A stochastic microsimulation

model, poprsiM can deal with
complex population and other
social phenomena using fewer
restrictive assumptions than
analytic models require. POPSIM
was developed at RTI in
cooperation with the University of
North Carolina’s School of Public
Health and the National Center for
Health Statistics, and has been
adapted for a variety of
applications in the U. S., Asia, and
Africa. Uses include evaluating
family planning practices,
analyzing fertility trends,
forecasting the morbidity and
mortality effects of public health
measures, examining the
consequences that errors in survey
data have on derived statistics, and
preparing population projections
for models of hospital utilization
and hospital manpower
requirements.
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$SOCIAL AXD STATISTICAL SCIENCES

Although there is extensive
knowledge about health status and
health care services in the nation,
little consumer-recipient
information is available at state and
sub-state levels. To obtain detailed,
baseline data on the health status
of the population, and on the
extent of health service utilization,
a group of state agencies in Virginia
asked RrTI to survey a sample of
1,000 families in each of the state's
five regional Health System
Agencies.

The survey analysis addresses
data needs in six areas: distribution
of population by age, race, sex,

State health survey

level of urbanization and family
income; number of doctor, dental
and hospital visits, treatment
received, length of time since the
last visit, and length of hospital
stays; time required to get an
appointment, to travel, and to see
the provider after arrival; extent of
disability and associated numbers
of days that individuals are kept
from work, school or other activity,
as well as prevalence measures for
certain medical conditions;
opinions regarding the availability,
accessibility, quality, and costs of
health services; and extent and
types of health insurance held by
area residents,

Results will be used by Virginia
health plannersto assess the
adequacy of existingresources, to
identify additional needs,and to
develop a five-year health system
plan.

18
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For the National Science Foundation, rt1 is carrying out the innovative visiting women

scientists program, an effort to stimulate young women in high school toward college training
and later careers in the natural sciences, mathematics, engineering, and social science.

"'1.' Hw-,-i' Lo

P i - -

In the first phase of the unprecedented National Medical Care Expenditure Survey, RT1
analysts received over a quarter of a million survey forms, including 63,089 main
questionnaires averaging 87 pages each.
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In 2 seven-state survey for the U. S. Bureau of Health Manpower, r11 research teams are
working with students and health education officials to identify the barriers that members of
racial minorities perceive as limiting their opportunities for pursuing careers in dental hygiene,

occrpational therapy, x-ray technology, and other medical support fields.

State governments are concerned
with the dynamics of change and
interaction among populations,
natural and financial resources,
and balanced economic growth. RTI
economists and analysts assist in

~State growth policy

the development of guidelines for
state growth policy planning and
decision making. Research activity
includes forecasting changes in
economic, demographic, and
employment structure, describing
the impact of public service
investments and industrial
development, identifying public
service needs, and defining
alternative growth strategies.

RTI works with host country
institutions and governments in
energy, environment, population
and economic growth, health and
nutrition, education, and rural
development. Assignments abroad
may extend over several years, as
exemplified by an agricultural
statistics program in Nigeria, family
planning in Ghana, coordinating

Less developed
countries

plans to support a national
nutrition policy in Morocco, and
economic development in Nepal.
Elsewhere are a joint unc-Chapel
Hill/r11 village health education
and training program in the
Cameroon, mortality-morbidity
analysis in Gambia, land use
programming in Ghana, and long-
term rural development and
fertility programs involving several
countries. An RTI economic model
describing Korean women's
employment-education-fertility
patterns is being developed for
further application in the far east
and other regions.
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Among a variety of Institute
projects dealing with crime,
delinquency, drugs, and law
enforcement, RTI sociologists in
1978 completed a year-and-a-half
study of the organization and
operations of police department
narcotics units in six U. S, cities.
The research was designed to
identify the perceived drug
problems in local areas, to
determine the units’ goals and
objectives, and to understand the
tactics and strategies used to

Narcotics units

achieve them. In making their
assessments, RT1 researchers
examined official records,
conducted interviews, observed
department procedures, and

i

1 devedoped a pedestrian and bicycle safety program for North Carolina schoot

participated in many activities with
unit agents. After forming models
of the enforcement process,
including discrepancies between
official department aims and actual
practices, the project team sought
to explain the mechanisms and
policies by which the narcotics
organizations maintain control over
such key operational areas as
evidence, money, informants,
intelligence, recordkeeping,
interagency relations, and agent

- recruitment, training, and

deployment.

n
A U. S. Public Health Service
dental care program began several

years ago at grade schools in a 13-
county area of Tennessee and

o

children beginning in kindergarten and continuing through grade nine.
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Georgia. In addition to exasni=mee
and treatment for participatinay
students, the program also
introduced dental health edvcases
for parents, teachers, and
administrators. An RTI survey 12
evaluate and document the
sentiments associated with thei
acceptance or nonacceptance ¢f

Dental care

the program will provide a basis £+
assessing probable national
response to proposals for nationa?”
health insurance coverage of dezzs:
services to children. r11is also
analyzing the increases in
productivity and efficiency that
may be achieved through group
dental practices as compared with
solo practices, and is examining the




qualizy evalzasion methods vsed by

third party carriess of prepaid
dental frsramsce,
]

The c2S2em of emirmatony
agncedea) workers 2nd fishermen
face severe ed ozl
disadva=2yr= AMNooth provisions
are mxds to sTppoes specia!
progra=s for them there are many
proYic=s i= actzmasely 2ssessing

Migrant children
the ef ez a7 thase progra=s ke
chilMdren’s & Tnw i thelr ot
serioess Bamdioap and abo kinders
relabe peayerment of
edvaaieerl atinmentan
expenence. Their bxck of

competence in using the English
language is another obstacle, both
to achievement and to assessment.
The U.S. Office of Education has
outlined an approach for
cvaluating the impact of
government investments in behalf
of migrant children. Working with
national, state, and local agencies,
%1 is developing the outline into a
viable evaluation design.

&1 is conducting its second follow-
up evaluation of Upward Bound, a

Upward bound

large Federal program started in
1945 1o provide tutoring, cultural

enrichment, counseling and other

aid to young men and women of

high school age whose potential
was being impaired by inadequate
academic preparation and lack of
motivation. Results from the
previous RT1 follow-up of

Upward Bound students indicate
considerable success for

the program in raising both

the aspirations and the
accomplishments of participants.
The study, made for the U.S. Office
of Education, found that 79 percent
of participating seniors went on to
further education after high school,
as against 6] percent of
nonparticipating seniors from
similar backgrounds. In addition, a
higher percentage of Upward
Bound participants entered four-
year colleges instead of technical
and community colleges.

Programmable direct data entry terminals convert all types of survey data onto

computer tape in machine readable form,

Remote terminals at RTI provide access to
the IBM 3707165 at the Triangle Universities
Computation Center.
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Chemistry and Life Sciences

Monroe E. Wall, Vice President

Organic and Medicinal Chemistry
F. Ivy Carroll, DIRECTOR
John A. Kepler, ASSISTANT DIRECTOR

Life Sciences and
Bioorganic Chemistry
Clarence E. Cook, DIRECTOR

Physical Sciences
Colin G. Pitt, DIRECTOR

Analytical Sciences
Edo D. Pellizzari, DIRECTOR

Toxicology
John G. Keller, DIRECTOR

The traditional separations
between life sciences and
chemistry have all but disappeared
over the past decade. Basic medical
science depends more and more
upon the physical sciences,
especially chemistry, and chemists
have become increasingly aware of

their responsibilities in the life
sciences. This merging of interests
is evident at rT1, where chemists
and life scientists work closely
together on basic research
programs in natural products
chemistry, synthetic organic and
medicinal chemistry, polymer
chemistry and physics,
bioanalytical and environmental
chemistry, drug metabolism,
genetics, teratology, reproduction,
and pharmacology.

Program areas in organic and
medicinal chemistry include the
isolation and structure
determination of biologically active
compounds from natural sources,
and the synthesis of isotopically
labeled organic compounds,
anticahcer agents, oral
contraceptives, narcotic antag-
onists, the active constituents of
marihuana, antimalarials, and a
variety of hormonal substances,

left, and Edo D. Pellizzari.
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analgesics, barbiturates, anZ
agricultural materials.

Analytical chemists study
methods for detecting
environmental pollutants, and ¥~
developing techniques such =
radioimmunoassay, gas
chromatography, and mass
spectrometry for the detection ef
drugs and their metabolites iz
biological fluids.

Life scientists are studying t*=
interaction of natural and synt*e:
hormones with receptor protez=.
the pharmacokinetics of many
different drugs, including
contraceptive agents and drugs ef
abuse, and the teratogenic (birsh
defects) and mutagenic
(hereditary) effects of industria)
chemicals and pollutants.

Polymer chemistry and physiss
programs cover basic rescarch o
the structure and properties of .
polymers, with an increasing
emphasis on industrial and heat:®-
related applications. Areas of
interest include synthesis,
characterization, and degradatio=
of polymers, radiation effects,
transport phenomena, rheology.
fiber morphology, plastic
deformation and fracture,
flammability and flame retardatice.
and the development of
desalination membranes, blood
compatible polymers, and drug-
delivery systems based on
polymers.

Extensive analytical
instrumentation resources are
available. Mass spectrometry, g2s
and high pressure liquid
chromatography, nuclear magnetic
resonance spectroscopy, atomic
absorption, x-ray scattering, and
scanning electron microscopy are
among the many physical
techniques used by RT1scientists.

Chemistry and Life Sciences st2 (g
members have published more
than 600 papers in the scientific
literature.
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RTI analytical equipment for examining
natural products, drug metabolites, and
other biomolecules includes both proton and
pulsed transform carbon-13 NMR fourier
spectrometers.
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Reproduction and Fertility

The development of oral
contraceptives represented
substantial progress towards the
goal of bringing population growth
into balance with the world's finite
resources of land, food, materials,
and energy. Unfortunately, the pill
in its present form can cause
serious side effects.

A better understanding of the
biochemistry of reproduction is
helping chemists develop new and
safer contraceptive agents. For
example, it is known that the
fluctuating but synchronized levels
of the steroid hormones estradiol
and progesterone are critical to the
proper regulation of the various
phases of the ovarian cycle and,
consequently, to human
reproduction. RTI scientists are
studying the possibility that
estrogen or progestogen antagonists
administered to females may act as
contraceptive agents by blocking or
displacing the natural hormones
from their protein receptors.

In addition to synthesizing many
different compounds which have
potential antifertility properties in
males and females, RTI scientists
are testing their effectiveness with
animals such as the rat and
hamster. The action of these new
compounds at the molecular level

‘is also analyzed, and measurements
of their interaction with receptor
proteins in the body are providing
information on how to design
better agents.

Gas chromatography is used in an rT!
study to determine if saliva analysis can be
used as a noninvasive means to find out
whether motorists have taken drugs that
may impair their driving.

Atomic absorption techniques enable rR11
scientists to detect and analyze trace
amounts of metals which occur in virtually
all physical and biological environments.
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Drug Delivery Systems

While very s5z:ifcant progress has
been rads i the design of more
effective 20d selective drugs for
medicing purposes, methods for
improning their administration
have received far bess attention.

If adreg ts to be utilized
properly, iz must be presentin the
body 22 the right place, for the right
time, and i the right amount. The
body can control the supply and
distribuion of its essential
chemicas by very precise and
sophisticated mechanisms. The
clinician, adrinistering a
therapevscdrugin the formof a
pl or intravenous injection, rarely
ackieves the same degree of
conrol. Recognizing this, scientists
are davising new methods of drug
adminiseration.

An especially promising
zpproach being studied at RT1
involves the use of polvmers to
mainiain a continuous supply of
the drug within the body. The drug
is mived with or placed inside a
small eviinder of the polymer, and
after injection it is released slowly
and continuously ata
predetermined rate. With this
technique the drug supply can be
maintained at therapeutic levels for
very bong periods, avoiding the
undesirable fluctuations that occur
with dafly administration.

RTI scientists are developing
polvmer svstems which will
conzinuousiy release contraceptive
agenis for one yearor more, and
which are slowly biodegraded by
the body during this time. The
pohyers are polyesters. Following
their synthesis, the rates of
d:Susion of the drugs from the
pohTsers are measured under in
soro conditions. The experiments
17e then repeated using laboratory
ani=3' and information on the
r2:¢ of biodegradation of the
poliyesiers is also collected. By

evaluating a number of different
types of polymers, RT1 scientists
can now design polymer devices
with predictable drug delivery rates
and lifetimes.

Drug Abuse

As part of a national program
sponsored and coordinated by the-
U. S. Department of Health,
Education and Welfare, RTI is
studying the chemistry and
pharmacology of many commonly
abused drugs. Prescription drugs
such as amphetamines and
barbiturates, marihuana, habit-
forming narcotics of the morphine
class, and narcotic antagonists such
as methadone are among the
classes of drugs being examined.

One facet of the research deals
with the development of new and
more sensitive methods of

s

A A |

detecting drugs through the use of
chromatography, mass
spectrometry, and
radioimmunoassay. These
analytical techniques are useful in
biological studies, and also find
application in forensic laboratories,
and in hospitals, where they enable
physicians to diagnose overdose
cases and promptly initiate
treatment.

RTI chemists are also looking at
new ways to synthesize the drugs
and the antagonists, and to label
them with radioisotopes. These
materials are sent by RTI to medical
centers throughout the world for
use in pharmacological and
toxicological studies. Working with
university hospitals,
pharmacologists at RTI have made
significant contributions to
knowledge about the metabolism
of marihuana in humans.

RTI chemists assist the Environmental Protection Agency by developing new materials for
capturing and analyzing trace amounts of potentially hazardous carcinogenic or cancer-

causing vapors.
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Antimalarial Agents

Malaria is one of the most
widespread and lethal of all human
diseases. It is a protozoan infection
in which the causative agent
undergoes cyclical development
both in man and in the mosquito
carrier. Four species of protozoan
organisms cause malaria in
humans: Plasmodium falciparum,
P. vivax, P. malariae, and P. ovale.
Primaquine is a well known
antimalarial drug which is highly
active against the primary
exoerythrocytic (red blood cell)
forms of P. vivax and P. falciparum

malaria, and against the
gametocytin of all four species of
plasmodia that infect humans. The
major drawbacks to the use of
primaquine are its relative toxicity
and rapid excretion. In contrast,
however, other antimalarial drugs
such as the 4-aminoquinolines,
quinine, and quinacrine have
proven to be inadequate for
preventing relapses of vivax
malaria.

An RTI program to study
modifications of primaquine has
included both the resolution of the
drug into its optical isomers, and
the synthesis of many 4-substituted

High pressure liquid chromatography is an analytical technique for separating and
quantifying plant constituents, pesticides, medicinal drugs, and other biological materials.
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primaquine analogs. These
compounds have been tested
against Plasmodia cynomolg: in
rhesus monkeys. Results have
shown that one optical isomer ¢
primaquine is only one-half 2 t=1a:
as the other, while retaining the
same antimalarial activity. In
addition, test results have shows
that 4-ethylprimaquine, one of thx
compounds prepared in rT1
laboratories, is more active than
primaquine against P. cynomolgi.
RTI chemists are investigating the
resolution of other primaquine
analogs, as well as further
modifications of this drug.




Cancer Chemotherapy

The o)desy sustained research
effort at g1 involves the isolation
and characterization of antitumor
and antileukemic substances from
plant raterials and fermentation
extracts. Some 6,000 plant samples
have been examined in this
conunuing 15year program with
the National Cancer Institute {xcr),
and a number of promising tumor-
inhibiting agents have been
identified.

Plant samples are procured from
all parts of the world by u. s.
Deparement of Agriculture
botanisis, who make special efforts
10 ob2in additional genera and
species of those plant families
which shotw potential therapeutic
activizy. Fractionation guided by
bioxssay at every stage enables rRT1

.cx-r-.:sts to isolate biologically
active constituents which may be
present in minute amounts.
Classiea] methods of isolating
active phytochemicals such as
alkalords and glvcosides would not
provide the range of totally novel
and unique structures which has
been revealed by this approach.

The first step in the fractionation
process is preparation of a crude
extact of the plant material. After
tesing for biological activity using
a oell cxhiure, extracts are
forwasdad to other Nc1 contractors
for a==mal tests with a variety of
experimenial keukemin systems
sz a3 L-1210 and P-388. Purified
exzacs which show activity are
a%o t2s2ed azainst slow-growing
t=mmee sysiems such as B-16
melineenz and Lewis lung mouse

When the blological activity of a
plr=t exact is confirmed by these
2=t stedies, purification and
=SB0 of the active

- e e . . ¥ ; les as smallas a billionthof a gram for
2 . RT's mass spectrometry center processes sample: I i ) )
s b nitiated. Purification researchers in clinical medicine, biology, and environmental chemistry. Jointly established with

" L3¢ - -
v be xfo'mpélffd by any ofa the Triangle universities under grants from the National Institutes of Health, the center provides
r——%¢r of separation techniques, mass spectrometry services for institutions in the Triangle area and throughout the southeast.
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including adsorption, partition, and
thin layer and high pressure liquid
chromatography. The structures of
the purified compounds are
established by various
spectroscopic techniques,
including infrared and ultraviolet
spectrometry, high resolution mass
spectrometry, and proton and
carbon-13 nuclear magnetic
resonance spectrometry. In many
cases the exact structures of very
complex, biologically active
compounds have been established
by x-crystallographic analysis.

Fiber Morphology

Recent research at rTI has
emphasized the role of
microfibrillar structure in
determining the strength and
deformation properties of cotton
fibers and the influence these
properties have on transport
phenomena. This work led RTI
polymer physicists to the discovery
that cotton in its never-dried
botanical growth state possesses
characteristics that differ
significantly from those found in
cotton’s normal dried or wet state,
and after treatment with various
durable-press agents. The never-
dried cotton is in a unique state,
since it never reverts back after
drying and re-wetting,.

Methods were found for fixing
cotton permanently in its never-
dried condition, thus retaining
these otherwise irrecoverable
properties. Information emerged
suggesting that some of these
properties, such as high
accessibility and the retention of
high mobility between constituent
microfibrils, might be potentially
useful. As aresult a “pioneer”
patent on fixed never-dried cotton
fiber assemblies has been assigned
to RTI's client, Cotton Incorporated.

Related research on the structure
of synthetic fibers and natural
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polymers has resulted in the
successful modification of cellulose
to produce highly elastic fibers,
yarns, and fabrics.

Blood Compatibility

One of the most exciting fields of
polymer chemistry is the
development of new materials for
the reconstruction of damaged or
diseased human organs. A
difficulty associated with the use of
synthetic polymer materials in the
body is their tendency to cause
blood clotting. To help overcome
this problem, RTI scientists are
studying the application of glow
discharge or plasma
polymerization techniques to
produce a very thin coating of
blood compatible material on the
polymer surface. This technique
can be applied to nearly all types of
polymers and, because the bulk
physical properties of the polymer
are unaltered, it is an ideal means
of improving blood compatibility.
The development of
nonthrombogenic, anticoagulant
surfaces for various other medical
uses is also being investigated. The
objective is to produce a mobile,
water-like pseudosurface which

resembles the surface of the blox?
conduit and will be innocuous to
the blood, although not actively
nonthrombogenic.

Environmental Chemistry

Characterization and measureme=z
of extremely minute amounts of
hazardous compounds
(carcinogens, mutagens, teratogess.
etc.) in ambient air have been -
seriously hampered by the lack of
reliable and sensitive
instrumentation for direct analysis.
RTI research for the Environmenta!
Protection Agency includes speci=l
systems that concentrate organic
pollutant vapors from the air for
subsequent qualitative and
quantitative analyses. Analytical
techniques have been developed
for evaluating collection
efficiencies and breakthrough
volumes of sorbent materials
during the concentration of organic
vapors from a flowing airstream. A
thermal desorption inlet-manifold
has also been designed for
recovering and transferring
hazardous substances from
sorbents in cartridge samplers to a
gas-liquid chromatograph or a gas-
liquid chromatograph-mass

Hyperfiltration cells used in research on the development of new membranes for water
desalination.



spectromezer, and design criteria
were developed for a field sampling
sysiem to collect pollutantson a
carntridge sampler.

Methodology and
instrumentation developed at RT1
have been applied to the analysis of
amb3ent armosphere in several
geographic regions of the US., and
have established the presence of
carcinogens and mutagens in some
areas. Through the use of RN
techniques, in-depth pattern
recognition and statistical studies
can be undertaken to correlate
airborne pqallutant concentrations
with human health effects.

O:her environmental research
involves the identification of
individual organic and elemental
substances in liquid and solid
wasies and effluents from energy-

tudics will provide a data base for
rescarchers who are concerned
with control technology and
monitoring techniques, and with
the health and ecological effects of
energy-related pollution.

.rt!:.zed processes. Results of these

Water Desalination

As part of 2 national desalination
program sponsored by the us.
Departrment of the Interior,

w7 is developing new and
improved membrane materials
designed to produce fresh water
from the sea and from brackish
inland water. One approach
employs reverse osmosis to develop
a membrane which couples high
water permeability with high salt
rejection. rRT1is evaluating the use
of highly stable composite
membranes which are prepared by
plasma deposition of various
polyrers on an inert porous

.s:xbszrmc in the form of sheets or

»ollow fibers. Another approach is
bza<ed on the principle of
piczodialysis. This principle
predicts that special composite

—
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A hazardous materials facility protects researchers from exposure to cancer-causing and other

toxic agents.

membranes, called charge mosaic
membranes, can be prepared
which, under hyperfiltration
conditions, are more permeable to
salt than to water. The prediction
has been verified and rr1 scientists
are working on methods for
improved production of charge
mosaic membranes.

Flammability

Many synthetic polymers are highly
combustible and must be treated
with fire retardants before they can
be used safely in clothing and as
construction materials. The
effectiveness of flame retardants
used for these purposes is often
limited by laundering, weathering,
and aging. RTI scientists are looking
at methods of creating longer

lasting retardants by chemically
grafting them to the synthetic
polymers. RTI's cobalt-60 gamma
radiation source is employed to
initiate free radical combination of
the fibers and retardants, and
methods for grafting the retardant
within the fiber as well as on its
surface are being explored. The
durability and effectiveness of the
two types of grafting are compared
with the aid of optical and scanning
electron microscopy.

Toxicology

The introduction of man-made
chemicals and other substances
into the environment has raised
questions about their long term
effects on human health, rT1
programs aimed at helping to
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answer these questions include
studies on teratology and
mutagenesis.

In the teratology program, RTI
scientists look for abnormalities in
animal fetuses which have been
treated with chemicals such as
food additives, pesticides,
pollutants, and industrial products.
The intent of these studies is to
avoid such human tragedies as the
thalidomide-induced deformities
which occurred in the early 1960s.

Environmental factors may also
exert long range toxicity by their
ability to canse mutation, Programs
at RTI are aimed at identifying
potential hazards and at developing
better techniques to evaluate their
mutagenic and carcinogenic
potential. The development of
bacterial screens to provide rapid
information is one area of research,
In another, RTI scientists are
measuring changes in the
electrophoretic patterns of various
enzymes to identify mutagenic
effects. Since the sensitivity of
these techniques makes it
unnecessary to sacrifice the mutant
animals, follow-up studies may be
carried out.

Drug Metabolism

Any drug which is administered to
humans or animals is subject to
attack and degradation by enzymes
present in the body. Generally, the
products of this enzymatic attack,
termed metabolites, are more
readily eliminated from the body
than the drug itself. On occasion,
however, they may cause toxic
effects, or may even be responsible
for the observed therapeutic effect.
The rate at which metabolic
conversion occurs has considerable
bearing on the level of drug which
can be achieved in the body with a
given dose, and on the time during
which the drug will remain
effective. Therefore, the study of
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drug metabolism is necessary both
to determine the best mode of drug
usage and to identify biologically
active metabolites,

RTI involvement in drug
metabolism studies covers all
aspects of research from drug
synthesis to assistance with clinical
evaluation. Radioactively labeled
drugs, with the labels serving as
markers that trace the movement -
of the drug and its various
metabolites through the body, are
synthesized by radiochemists.
Preliminary information on the
nature of the metabolites is often
obtained by incubating the
radioactive drug with homogenized
animal liver, which is a source of
most of the enzymes that effect
metabolic conversion. Small
amounts of the radioactive
metabolite products are isolated by
thin layer chromatography or high
pressure liquid chromatography,
and their structures are established

rT1research on the isolation and
characterization of antitumor and
antileukemic substances from natural
products has involved the examination of
some 6,000 plant samples.

by such techniques as infras= 52
ultraviolet spectroscopy, kig™
resolution mass spectrome2sy, 3:%:2
proton and carbon-13 Nugr
spectrometry. Both scparation sn?
identification can frequently b
achieved by combined gas-Iigif
chromatography-mass
spectrometry which, in effece,
provides a fingerprint of cach
individual component.

After identification, the
metabolites are synthesized, 252
the synthetic materials ar¢ used >
determine their biological
properties and to establish
analytical procedures for their
detection and quantitation in
human patients. Working in
cooperation with clinicians, rm1
scientists then examine how the
drugs behave in the body. Once the
human pattern of metabolism is
known, analytical procedures are
developed to quantitate the parent
drug and its metabolites in body
fluids such as urine and plasma.
Sensitive and specific techniques
such as liquid chromatography,
gas-liquid chromatography, and
radioimmunoassay are adaptable
to clinical monitoring. Mass
fragmentography, a highly specific
technique, is used both to verify
other methods and to overcome
difficult analytical problems.

Drug metabolism programs at
rT1 have included a ten-year
research effort on widely used oral
contraceptives. In studies of
various barbiturates, RTI chemists
were able to synthesize each of the
two optical isomers which make up
commercial products, and to study
the metabolism of each form
individually. More recent emphasis
has been given to the metabolism
of the active constituents of
marihuana. Drug metabolism
research at rRT1 also includes
quinidine and certain proprietary
compounds developed by
pharmaceutical companies.




Analyzing the cannabinoid content of
marihuana samples by gas liquid
chromatography.

Scanning electron microscopy aids in
analyzing the effects that durable-press and
other chemical treatments have on the
structure of textile fibers.

- T emuiaygenests Testip of Ai . New analytical techniques are being
9 F Air pO“Uhon developed to better understand the nature of
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Energy, Engineering and Environmental Sciences

James J. B. Worth, Vice President
Robert M. Burger, CHIEF SCIENTIST

Engineers, scientists, economists,
and analysts carry out r11 studies
and perform laboratory and field
analyses that provide insight on
problems of national concern, aid
in developing and applying new
technologies, and meet the
research, development, and
programmatic needs of many
organizations. Staff capabilities in a
variety of engineering disciplines
interact closely with those of
related sciences in many subject
areas. Strongly supported by
information management and data
processing resources, the
combination produces a problem-
oriented team approach that is
flexible, versatile, and responsive to
client needs. *

Energy and Environmental
Research Division

Jimmie J. Wortman, DIRECTOR

J. W. Harrison
SENIOR SCIENTIST

Engineering Sciences
Process Engineering
Economics
Geosciences

Operations Analysis Division
Edward L. Hill, pirecTOR

Management Information Sciences
Applied Ecology
Applications Programming
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Systems and
Measurements Division

James B. Tommerdahl, Director

Harry L. Hamilton, Jr.
ASSISTANT DIRECTOR ‘

Richard D. Alberts
SENIOR ENGINEER

Systems Instrumentation
Systems Engineering
Environmental Measurements

Center for
Technology Applications -

James N. Brown, Jr., DIRECTOR

Biomedical Engineering

Technology and
Resource Management
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! ERVIRONMENTAL

MONITORING LABORATORY

IANGLE INSTITUTE
n:sgf:chA:nan?ﬁ PARK , NORTH CAROUNA

RTI conducts on-site and in-transit ambient
air surveys in cities and rural areas all over
the U, S. The Institute’s environmentally
controlled mobile monitoring laboratory
was purchased and equipped with the
assistance of grants from the N. C. Science
and Technology Committee.

Up to 20 gaseous and meteorological
parameters can be selected for continuous
monitoring and display in rRTI's motorized
laboratory van. Instrumentation includes
calibration systems for each analyzer, and a
digital magnetic tape recording system
coupled with a computer capable of on-line
data processing, Ground level
measurements can be supplemented by
information from instrumented aircraft.

33



ENIRCY, INCINTERNNG, AND ENVIRONMENTAL SCIENCES

RTI capability for dealing with
environmental problems
encompasses the design and
evaluation of instrumentation for
pollutant detection and
measurement systems, analyses of
the economic impact of alternative
pollution control strategies, air
quality monitoring, source testing,
development of water and air
pollution control technology,
emission abatement program
evaluation, atmospheric chemistry,
and ¢nvironmental health.

A representative selection of
projects suggests the extent of rTI
activities. Many of them are carried
out in support of EPA Research
Laboratories and the Office of Air
Quality Planning and Standards,
both located in the Research
Triangle area, as well as other
divisions of the U.S. Environmental
Protection Agency, industrial
groups, and private companies.

~ Analyze least cost air quality
control strategies for reducing
emissions of particulate matter,
sulfur oxides, nitrogen oxides,
hydrocarbons, and carbon
monoxide.

— Assess the health costs of air
pollution.

— Design automated and manual
techniques for monitoring
atmospheric pollutants and for
source testing methods.

— Estimate the expected 1985 levels
of nationwide emissions from
stationary sources in selected
industries, and the potential
emission reductions and
economic impacts that would
result from applying new source
performance standards to
emissiop control.

— Evaluate flue gas and industrial
waste gas cleaning methods for
controlling particulate and sulfur
oxide emissions in copper, zinc,
and lead smelting processes.

— Identify pollutants associated
with coal gasification and
liquefication processes.
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Teflon reaction chambers are used in r11 studies of the kinetics of potentially

harmful photochemical oxidants and their precursor chemicals during transport from urban

to rural areas.

— Investigate the relationships
between urban hydrocarbon
control strategies and high ozone
concentrations observed in rural
areas. :

~— Monitor community health
surveillance systems to
determine the effects of nitrogen
oxides on human respiratory
infections.

— Perform quick reaction episode
monitoring and field instrument
calibration services for air
pollution sample acquisition and
analysis systems.

— Prepare process and cost
comparisons of alternative
methods for removing sulfur
from coal.

— Test and evaluate theoretical
procedures for optimum

meteorclogical and air pollution
sampling network selection.

— Estimate net social costs and
gains of alternative fiscal policies
for encouraging materials
recycling.

—Conduct environmental, social
and economic impact
assessments.

— Improve air pollution quality
assurance monitoring devices
and systems; investigate ambient
air equivalency and reference
methods.

—~ Assist the EPA in preparing
standards for up to 15 of the 100
source categories of hazardous .
air pollutants for which Congress
has mandated new source
performance standards.



—Estimate the permissible
concentrations of selected
pollutants in discharge streams
into air, waters, or solid waste to
aid the EPA’s Multimedia
Environmental Goals program.
Pollutants for which these
recommendations are made are
selected on the basis of published
data on toxicity, carcinogenicity,
and teratogenicity.

Scientists at N. C. State University
and RTI have designed and
fabricated the world’s first working
monolithic cascade solar cell,
achieving what the U.S.
Department of Energy’s Sandia
Laboratories describe as “a major
step” towards doubling the
efficiencies of conventional

solar cells.

. The 1978 announcement of test
results demonstrating the
feasibility of the new solar cell

Solar cells

design indicates that photovoltaic
conversion efliciencies of 30
percent may be obtained, doubling
the 10-15 percent efliciencies of
conventional silicon cells now used
for such tasks as providing power
for satellites.

The new structures are similar to
two solar cells stacked one on top
of the other, They are designed to
perform at high temperatures
under solar illumination that is
highly concentrated by lenses or
mirrors. In such a system, one high-
efficiency cell could produce the
power of hundreds of conventional
cells under unconcentrated
sunlight. ,

By greatly reducing the number
of solar cells needed to produce a
given amount of power, such
unprecedented high performance
would be a significant advance in
making solar cells an economically

viable, large-scale source of energy.
The new solar cell structure
“cascades” sunlight through its
layers, thereby converting more of
the solar spectrum into electricity.
Two separate cell junctions
produce electricity from different
portions of the spectrum, and less
solar energy is wasted.

Energy supply, conversion,
conservation, distribution and
utilization are areas of expanding
activity in which rt1 applies the
techniques, technologies, and
interdisciplinary capabilities that

Energy

have been developed in its
environmental research programs,

Concern over the rate of u.s.
energy consumption has created a
demand for accurate estimates of
the total energy required for
product manufacturing and
distribution. rTI has taken the first
steps for providing a broad set of
such estimates that cover almost
500 industrial products and a
similar number of consumer
products,

Coal combustion adds large
quantities of pollutant materials to
air and water. rRTI involvement in
methods for providing cleaner coal
includes various aspects of physical
and chemical cleaning processes,
and the conversion of coal to gas
and liquid fuels.

Energy related programs also
include research efforts associated
with solar cells, energy
conservation, solar heating and
cooling, energy policy, coal
gasification and refining, and
variations in solar radiation levels
as influenced by such features as
sea breezes and coastal geography.
In another study, RTI is assessing
the market potential of
intermediate-load solar power

applications for such
establishments as commercial and
service businesses, schools,
hospitals, and small industry.

The occurrence of ozone and its
precursors in rural areas has been
the subject of study by RTI chemists
and meteorologists over a ten-year
period. Field studies have been
made in the mountains of western
North Carolina, on the summit of
Pikes Peak, in Garrett County,'
Maryland, in the four-state area of
Ohio, Maryland, West Virginia, and
Pennsylvania, over the northern
tier of states extending from
Montana to the Atlantic, and along
the Gulf Coast from Texas to
western Florida. Data obtained
from fixed stations using automatic
measurement and data recording
techniques are supplemented by
air samples returned to the RTI
campus for precision analysis of
hydrocarbon content, and are
supported by aircraft measurement
of ozone, nitrogen oxides, and
hydrocarbons. Quality assurance
audits of all data collection
techniques and field procedures
add significantly to the level of
confidence assigned to the data.

Concentrations of atmospheric
ozone in excess of the EPA’s

Rural ozone

National Ambient Air Quality
Standards have been found to
occur and persist for extended
periods of time (in excess of 26
hours, for example). Preliminary
results suggest that these high
concentrations in nonurban
locations are caused by the
transport of ozone and its
precursors from urban-industrial
areas, and that they will occur in
association with meteorological
situations characterized by high
pressure systems and featuring low
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wind speed with variable
directions, small amounts of
cloudiness and, consequently,
abundant sunshine.

In research to improve the safety
and efliciency of air traffic flow in
and near major airport terminal
areas, RTI systems engineers and
simulation specialists have
developed a detailed and flexible
terminal area simulation model to
evaluate current and proposed air
traffic management system
concepts. Derived in a series of
studies for NasA’s Langley Research
Center that began in 1967, the
model is based on data obtained
from Atlanta’s international airport.
The model simulates a realistic
multiple-aircraft environment that
contains the major features of
airborne and ground
instrumentation and air traffic
control (aTc) procedures. The
model permits analysis of
advanced atc and flight techniques,
new instrumentation such as
cockpit displays, and
environmental concerns such as
energy use and noise levels.

Air traffic

One function of the terminal area
simulation model is to interface
with the Wallops Island flight
center experimental research
facility as part of NAsA's terminal
configured vehicle (Tcv) program.
The Tcv program involves analyses,
simulations, and flight studies with
a specially equipped Boeing 737
aircraft. rRT1 is participating in the
definition of Tcv experiments, and
is assisting in the development of
the experimental research facility.

RTI engineers are also
investigating the application of
NAVSTAR/GPS (Global Positioning
System) techniques to general
aviation. This proposed satellite
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system offers unparalleled velocity
and position-determination
accuracies and ease of access for
many potential users, A

The vulnerability of components
and systems to nuclear and space
radiation is a problem of particular
importance to the designers of
military and satellite systems that
must survive intense radiation
environments, Under Department
of Defense sponsorship, RT1 has
played a major role in radiation
effects research designed to
develop a better understanding of

Radiation tolerance

the phenomena involved and to
improve the radiation tolerance of
contemporary semiconductor
components. Research at RTI has
focused primarily on the effects
that ionizing radiation has on
semiconductor materials, devices,
and integrated circuits. Pulsed
radiation effects studies, which
previously led to the discovery of

short-lived damage phenomena in
semiconductor insulators, are
continuing as part of a coordinated
Defense Nuclear Agency program
to develop a new line of low power,
radiation-resistant devices. A
concurrent study for the Air Force
involves a comparative analysis of
contemporary semiconductor
technologies from the standpoint of
radiation hardness, as well as
overall performance
characteristics. Attention is also
being given to the radiation
vulnerability of experiments and
hardware designed by rTI for Nasa
satellite and space probe missions.

High gradient magnetic separation
(HGMs) is a technique for trapping
and removing submicron particles

Particle removal ‘ |

from industrial effluents that have
been cleaned of larger particles. Its
technical feasibility has been
demonstrated in purifying mineral
ores and coal in various slurries
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exploring inexpensive built-in-test
techniques to detect and localize
malfunctioning components in
complex military electronic
systems. Software, solar cells,
integrated circuits, and gallium
arsenide technology are other areas

Defense technology

in which rTI contributes to national
defense. Activities include support
to the Navy in assessing
underwater environmental effects
on the propagation of acoustic
signals, and analyzing uses of
advanced simulation facilities for
the Air Force. Other RTI research is
in the analysis of defense planning
and policy issues.

A coal gasifying reactor at rt1 aids
research for the Epa on the hazardous
emissions from synthetic fuels production.
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Noaa weather satellite signals are picked up
by an rTI antenna, top, and converted into
oscilloscope displays, bottom, from which
hard copy images of cloud cover are made.
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RT1 meteorologists receive visible
and infrared images of cloud
patterns and ocean surface
phenomena from the NoAA series
of satellites. Satellite-derived
temperature patterns are used with
shipboard and expendable buoy
measurements of currents,
temperature, and salinity to
investigate the life histories and
changing structural characteristics

Satellite,
oceanography

of eddies developing along the Gulf
Stream boundaries, and to examine
the dispersion of effluent plumes
from ocean outfalls.

Research for the National
Environmental Satellite Service is
also providing digital data quality

ssurance for systems flown on
.;l:oard the 1TOS-series satellites.
Computer algorithms to enhance
sea-surface temperature patterns

have been developed in the
program, along with analysis and
simulation of the digital data
communications systems.

The electronic properties of many
materials are sensitive to
environmental parameters such as
temperature, light, humidity,
pressure, and the composition of

gases in contact with their surfaces.

RTI has investigated a variety of
solid state sensor concepts ranging
from thin film oxygen sensors to
pressure transducers. In research
for the u.s. Bureau of Mines on the
effects of gas composition on
electronic behavior in candidate

Solid state sensors

sensor materials, RTI solid state
physicists and electrical engineers
determined the sensitivity and
selectivity of various metal oxides

Biological isolation garments have been adapted by RTI's BATeam to protect patients who are
highly susceptible to infectious diseases such as aplastic anemia, and cancer patients receiving
treatment with certain drugs. The original garments were worn by Apollo astronauts during
the quarantine period after their return from the moon.

in film and other physical forms.
The objective is to develop sensors
suitable for use in a prototype
portable gas detection instrument
that can monitor mine
environments for the presence of
carbon monoxide in a range of
from a few parts per million to 250
ppm.

Other Institute research in solid
state technology includes the-
stress-dependence of p-n junctions,
methods for adapting the
piezojunction phenomenon as the
sensory element in various
transducers, and partial and
absolute thin film oxygen pressure
sensors. A gas-pressure sensor
system developed at RTI was used
by NasA to measure the frequency
and impact of meteoroid particles
striking the Pioneer 10 and Pioneer
11 spacecraft during their flights
across the 150-million-mile-wide
asteroid belt between Mars and
Jupiter.
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RTI analysts have examined the economic
effects of a pollution tax on industrial
emissions. The diagram illustrates a

manufacturer's cost-minimizing behavior.
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The National Institute of
Occupational Safety and Health
(n1osH) has compiled occupational
hazard information in a survey of
more than 5,000 u.s. industrial
plants. The results enumerate
chemical, physical, and biological
hazards to which workers are
exposed. To assist NIOSH in
assessing the location and
prevalence of potential health risks,
RTI is verifying, clarifying,
statistically andlyzing, and
interpreting the enormous amounts
of data accumulated in the survey.

Occupational

hazards

The multidisciplinary group
engaged in the study includes r11
specialists in operations and
systems analysis, chemistry,
chemical engineering, industrial
and environmental hygiene,
mathematics, statistics, and
computer science. Supported by
consultants from the University of
North Carolina’s School of Public
Health, their analysis is leading to a
comprehensive measure of
potential occupational hazard
exposures, and to the development
of a computer accessible data base
management system to respond to
queries about exposure potential.

Civil defense preparedness and
emergency planning have been
subjects of extensive research at
RrTI for over 15 years. More than 60
projects have been undertaken on
virtually all aspects of building

Civil defense

construction, population
movement, shelter protection and
supply, medical care,
decontamination, and postattack
recovery. Finding solutions to the
problems confronting civil
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Crystals for semiconductors are grown with epitaxy equipment in rT1’s solar cell research
laboratories.
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A semiconductor chip for the cascade

solar cell developed by N. C. State University
and RT1.

_ High gradient magnetic separation removes
fine particulate matter from contaminated
air streams.
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preparedness planners has
required the application and
adaptation of statistical surveys
and analyses, computer simulation,
mathematical modeling, structural
evaluations, and experimental
procedures, Current studies
include the management of
medical problems resulting from
population relocation,
identification and survey of
underground mines suitable for
shelters, determination of the
habitability of large shelter spaces,
postattack health and medical care
models, and a local emergency
operating system model.

A Nasa-sponsored Biomedical
Applications Team at rRTI seeks to
identify space technology that can
be applied to medical diagnostic

and treatment problems. The
BATeam is part of NAsA’s technology
utilization program that seeks to

Biomedical
engineering

find second applications for space-
related innovations.

Acting as an interface between
clinical medicine and space
research, RTI engineers work with
physicians to identify medical
problems which appear amenable
to solution through application of
the devices, materials, and systems
developed in the nation's space
effort. Translating the medical
problems into aerospace terms,
they then search for possible
solutions through Nasa data banks
and consultation with scientists at
the space agency’s technology
utilization field offices.

The primary function of rTt and

'NAsa technology utilization

researchers has been to provide
research physicians and clinical
investigators with fresh insights

from disciplines they might not
otherwise encounter. Since its
inception in 1966, RTI's BATeam has |
assisted in producing more than 80
successful transfers of space
technology to medical purposes.

— A device.for monitoring
astronauts’ respiration has been
used for the observation and
study of epileptic seizures.

~— A radiographic image processing
technique that improves the
clarity of space photographs has
been modified to aid in studies of
blood circulation through the
heart and speed the diagnosis of

coronary disease. .
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Such dissimilar statements as “He can go” and "Get a coat” are ambiguous to the lip reader. When lipreading
is combined with simultaneously displayed cued speech signals, however, deaf persons can readily distinguish the difference.
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— A control mechanism for pilots
has been modified to evaluate
the manual dexterity of patients
suffering from Parkinson’s
disease and other crippling
illnesses.

— A stretchable helmet with
attached electrodes that
recorded electroencephalogram
readings of Skylab astronauts
was adapted to provide greatly
simplified methods for obtaining
EEG information that determines
dysfunctions in the human
nervous system, especially
among disturbed children.

RTI heads a consortium of
aerospace companies and
academic institutions to help the
Air Force achieve production and
Q)st efficiency improvements in
aterials handling for aircraft
production. The research will
develop computer evaluations of
various manufacturing scenarios to
establish a materials flow data base
which can be used later to develop
plant layouts and materials
handling and storage systems.
Initial emphasis is on sheet metal
manufacturing, but results will also
be applicable to other materials
used in aerospace production. The
rTI-headed analysis is part of the

Productivity

Air Force Systems Command'’s six-
year “integrated computer-aided
manufacturing” program to use
new developments in computer
capability to advance and unify all
aspects of aerospace design,
procurement, and manufacture.
In a U, S. Department of
Commerce program for the shoe
andustry, RTI is assessing the value
' potentially applicable
technologies to footwear
production. For each specific
technology selected, separate tasks

will include state-of-the-art and
utilization analyses; timing, extent
of use, and impact forecasts; and
technology transfer strategy and
information dissemination.

rTI has assembled a comprehensive
capability for assessing the
environmental impact of actions
that affect air, water, land, and
other natural resources. To assist
the u.s. Army Corps of Engineers in
Environmental
impact

evaluating alternatives to a
proposed water resource
development project, rr1 identified
and analyzed the short and long
term effects that the several
alternatives would have on existing
and projected economic, social and
environmental conditions within a
five-county area. The research
included a household survey to
measure attitudes of residents on a
wide variety of existing social,
economic and environmental
factors that would be influenced by
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rTi plans and conducts many technical
conferences that deal with a variety of
environmental concerns including off-shore
drilling, polychlorinated biphenyls, and
x-ray fluorescence analysis.

the proposed project, as well as a
mail survey to elicit the opinions of
special interest groups and
planning organizations in the area.

rTI and Gallaudet College of
Washington, D. C., are engaged in
joint research on a wearable,
automated speech analyzerfor the
deaf. The automated digital system
is designed to perform speech
analysis in real time, thus removing
the high ambiguity of speech
perceived through lipreading, and
to present partially decoded speech
to the deaf either through visual
signals or through sense of touch.
The concept for a wearable
speech analyzer is based on a
method of communication called
cued speech, which originated at
Gallaudet College, the nation’s only

Speech signals
for the deaf

institution of higher learning for
the deaf. At present, cued speech is
a system in which speaking is
synchronized with hand shapes
and positions to eliminate
lipreading ambiguities. It is used in
21 languages.

The automated analyzer
conceived by RT1 is based on the
principles of cued speech. These
are (1) two-part speech, where the
analyzer output signal is one part
and lipreading is the other part,
and (2) presentation of the analyzer
signal as a combined consonant-
vowel syllable cue (instead of a
separate cue for each individual
sound) so that a deaf person can
integrate the two parts and
perceive them simultaneously.
Experiments with the automated
cuer are demonstrating that deaf
persons can accurately perceive
speech in real time when lipreading
is combined with analyzer output
signals presented through visual
display or tactile stimulus.
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Office for International Programs
A. S. David, HEAD

RTI has assisted more than 20
nations in planning and
implementing the activities that
are necessary to define and
meet host country needs.

An Office for International
-+ Programs, which reports to
", RTI's senior vice-president,

i leads and coordinates Institute
™, research with other countries.

.| The research is carried out by
't senior project managers and

- .d teams of professionals

representing virtually every aspect of the social, statistical
and engineering sciences, chemistry, economics and public
health. The Triangle area universities are all prominent in
international scientific, educational and cultural affairs, and
faculty members from many disciplines regularly participate
in RTI programs.

Organizations sponsoring RrTI analytical and technical
services for other nations include U. S. and host government
agencies, and nonprofit and private institutions. r11 has had
contractual associations with the U. S, Agency for
International Development since 1963.

Engineering Handbook Office
Lawrence E. Stockett, HEAD

Scientists and engineers from
throughout the U. S. contribute
to technical research
handbooks on subjects of
concern to the Army Material
Development and Readiness
Command (DARcoM). The
handbooks outline promising
approaches to selected
problems, provide a reference
of fundamental design
information, and generate,
a0 £ .: compile and maintain up-to-
date records of critical design data to keep pace with
advancing technologies.

RTI has been responsible since 1973 for the Engineering
Design Handbook Series administration, contents, format,
and editing. Detailed manuscript preparation is carried out
at industrial and government laboratories, universities, and
other organizations. Printing and distribution are handled by
DARCOM.

44

Research Services .

RTI research operations are
supported by a full complement of
service and administrative
functions.

Executive assistant to the
president and rT1 assistant
secretary F, Thomas Wooten is
responsible for research services,
with Charles W. Halloran as
department manager. Service
groups and their supervisors are:
Data Services, Ralph Darby, Jr;
Duplicating, Anne Fuller; Library,
Lois Melton; Report Editing and
Word Processing, C. H. Burnett, Jr;
Graphic Arts, Eileen Gordy.

Administration

Administrative offices and their
heads are: Accounting, R. S.
McLean, who is also corporate
assistant treasurer; Personnel and
Security, Robert M, Graper,
Purchasing, W. J. Thomas;
Facilities and Maintenance,
Jacques Michienzi; Office of
Research Contracts, John C. Ragan,
An office of r11 Information,
headed by C. X. Larrabee, reports
to the Institute president, and an
office of University Relations,
headed by Ralph L. Ely, Jr,, to the
corporate vice-president.







RTI and The State
of North Carolina

Research Triangle Institute
recognizes that it has special
resources and opportunities for
serving State of North Carolina
institutions, business, and citizens.

The scope of RTI services to
North Carolina industry and
government has steadily expanded
over the years. It covers statistical
analyses, sample surveys,
agricultural and forensic chemistry,
health care services delivery, and
industrial research. Other subjects
include environmental impact
studies, air and water quality
research for industry, energy
management planning, and
technical assistance to
manufacturers.

State and regional planning,
economic analysis and forecasting,
and natural and human resource
development have been the
subjects of primary emphasis in
research for state government.
Projects include planning for the
needs of the community college
system, manpower and
occupational training surveys, and
a state land use information
system.
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In support of long-term goals
and policies that will shape North
Carolina's growth patterns through
the end of the century, an rT1
program now in its tenth year has
been directed toward designing
and implementing an information
data base that can be periodically
updated to assist in analyzing
demographic, economic, and social
trends and in estimating their
effect on future state revenues and
expenditures. Other research deals
with devising an effective strategy
for achieving desired balances in
employment, industrial growth,
and public service investment
allocations. )

The Institute has performed a
variety of projects for all the states
bordering North Carolina, as well
as for multi-state regional agencies.
The opening of a branch in
Charlotte enhances RTI's
opportunities to serve its state and
region.

RTI and Its Founding
Triangle Universities

d

Close relationships with its three
founding universities, all within a
20-minute drive of the Institute, are
RTI's most distinctive feature. 4.

Although the Institute’s staff and
programs are separate from the
schools, its place in the university
family is evident in a variety of
corporate and research activities.
They range from university
membership on rrr's Board of
Governors to cooperative contract
research and many other formal
and informal associations.

University-Institute ties are most
productive in terms of mutual
effort and support.

RTI and its clients benefit
particularly from project
participation by university
scientists in many disciplines who
act as consultants assisting with rTI
contract work. '

In addition, some joint resear‘
contracts call for a portion of the
work to be performed by a
university group and a portion
within the Institute.

A number of rT1 senior staff
members hold adjunct
professorships and teaching
appointments. Other Institute
researchers continue in graduate
programs for advanced degrees.



| )

The libraries of the Triangle
Universities are an invaluable
resource for the Institute. Their
combined collections are cross-
catalogued and readily available to
RT1 staff members. Access is also
provided to many of the special
research facilities maintained by
the schools. Direct access between
Institute terminals and the IBM
370/165 at the Triangle Universities
Computation Center is of special
significance in meeting RTI's
extensive data processing needs.

Another mutual University—
Institute activity is an RTI service to
aid in transferring university
research results to the marketplace
where they can benkfit the public.
Since 1976 an rt1 Office of University
Relations has condueéted patent
management and licensing services
for inventions developed at the

versity of North Carolina at
‘apel Hill and North Carolina
State University at Raleigh.

RTI academic ties also include a

program of summer internships for
tudents from North Carolina
Central University in Durham and
vork-study arrangements with
engineering students from North
Carolina State University.

Founding Contributors
and RTI Associates

The Founding Contributors and
Associates of Research Triangle
Institute are corporations,
foundations, individuals and other
contributors that have provided
materiakresources to assist in the
growth and development of RTI

Major grants and contributions
have been made by the State of
North Carolina, the Research
Triangle Foundation, the Camille
and Henry Dreyfus Foundation,
Celanese Corporation, Grover M.
Hermann, and George Watts Hill.
In recognition of gifts of $100,000
or more, they are designated as
Founding Contributors of the
Institute.

Smaller amounts in the form of
special gifts and annual
contributions have been given by
others designated as RTI
Associates.

FOUNDING CONTRIBUTORS
Research Triangle Foundation
State of North Carolina

Camilleand
HenryDreyfus Foundation

Grover M. Hermann
George Watts Hill

Celanese Corporation

RTIASSOCIATES

AlmaDesk Company
BASFCorporation

Burlington Industries Foundation

Central Carolina Bank
and Trust Company

John Sprunt Hill
Liggett Group
Martin Marietta Corporation

MonsantoTriangle Park
Development Center

Planters National Bank
and Trust Company

HerbertT.and
Ollie Randall Foundation

Southland Associates
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Research Triangle Institute S
Board of Governors |

* George Watts Hill Leon Golberg . * George E. Norman, Jr.
CHAIRMAN, BOARD OF GOVERNORS President Vice-President
. Chemical Industry Institute Burlington Industries, Inc.
Chairman of the Board of Toxicology Greensboro
cht.;al Carolina Bank Research Triangle Park
?)r:xrh ;’nﬂ Company Jonathan W. Old, Jr.
* Paul M. Gross ’ Executive Vice-President
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