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The Environmental Information System Office offers
to users bibliographic references, factual information,
numerical data, and evaluated reviews of data in and for
all of the major environmental research areas active at
Oak Ridge National Laboratory: energy, trace contami-
nants, human health, environmental impact, radiation
research, land use and planning, ecosystems modeling, and
analysis. The Toxic Materials Information Center is a
materials-orie-ted center dealing with trace contaminants
in the environment with particular emphasis on metals and
organo-me tallic compounds.

Funded by several federal agencies, EISO and TMIC
serviced are available i.o all users, with pi-iority aeeor-ueti
to the funding agency and other governmental agencies in
that order. Limitations to outside use are determined by
funding and staffing levels of the individual center.

KeTTrcrls: Air pollution, analysis, ecology, energy,
enrircr^ertal impact, land pollution, mutagenicity, toxic
Eateriais* toxicology, trace contaminants, water pollution
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INTRODUCTION

To complement and augment its research efforts in environmental areas,
Oak Ridge National Laboratory (ORNL) maintains a large-scale environmental
information network known as the Environmental Information System Office
(EISO). Under the direction of Dr. Gerald U. Ulrikson, EISO offers to ORNL
and other users entry to the information retrieved in and for all of the
major environmental research areas active at ORNL: energy, human health,
environmental impact, radiation research, trace contaminants, land use and
planning, ecosystems modeling and analysis. The organization is outlined in
figure 1. The Toxic Materials Information Center (TMIC) is one of several
affiliated information centers within this information network, and it
stresses the environmental aspects of trace contaminants; the human health
aspects are covered by other information centers such as the Toxicology
Information Response Center (TIRC) and Environmental Mutagen Information
Center (EMIC).

EISO has component information centers or data collections related to the
areas of biomedical sciences, ecological and environmental sciences, physical
and chemical sciences, and maintains a central services unit.

The Biomedical Sciences Section includes the Biomedical Studies Group
(EMS), the Toxicology Information Response Center (TIRC), and the Environmental
Mutagen Information Center (EMIC). Services rendered by the Biomedical Sciences
Section include toxicology literature collection and evaluation, data extraction
and data base building, state-of-the-art reviews, and consultation. These ser-
vices can be used to discern real and potential biologic effects and hazards
due to human interactions with chemicals. Topical subject areas and disciplines
are selected for extensive literature review and reference collection. State-
of-the-art reviews are prepared either internally by BMS or contracted exter-
nally to topic?! e:-"p<?rt« 5~< selected fielos of coinps teiice.. The reviews are sub-
mitted for publication in recognized scientific journals. Longer reviews or
those containing an extensive bibliographic section (keyworded and annotated
references) are printed as BMS-ORNL publications. The toxicology data extrac-
tion and resultant da^a base building involve selection and utilization of
basic scarce references, types and definition of data elements, and correla-
tion with scientific research evidence. The BMS is funded by the Toxicology
Information Frcsran. National Library of Medicine; the U. S. Forestry Service,
U. S. Dersrinrern; cf Agriculture; the U. S. Atomic Energy Commission; and the
Environmental Protection Agency.

The Toxicology Information Response Center, sponsored by the National
Library of Medicine's Toxicology Information Program, was formed in the fall
of 1971 to establish a national and international center of toxicology infor-
mation. It provides information on a wide variety of chemical classes; phar-
maceuticals, industrial chemicals, food additives, pesticides, and environ-
mental pollutants. Requested information may range from a specific toxico-
logic datum to metabolic, pharmacologic, and other biologic phenomena. The
center utilises various information sources such as MEDLINE, TOXLINE, and
ORNL computerised data bases and secondary sources including Biological
Abstracts, Chemical Abstracts, Excerpta Medica, Index Medicus, and others.
TIRC's resources and services are available to all individuals. There is a
charge for services, based on the scope, time coverage, and type of product
required - bibliography, annotated bibliography, and others.



The Environmental Mutagen Information Center was organized by the Environ-
mental Mutagen Society (EMS) in 1969. EMIC's mission is to create, maintain,
and disseminate a data base of chemical mutagenesis information. Information
contained in the EMIC data file is either pertinent to the testing of chemicals
in one of the many available mutagenic assay systems or contains data useful
for understanding the known or suspected mutagenie activity of environmental
chemical agents. The information collected for this data base is processed
and disseminated to the scientific community. The Center's citation file
currently contains 12,000 entries for articles published primarily since 1961
in about 1,200 publication sources. This information file contains biblio-
graphic details and keywording of chemicals, organisms, and systems studied.
To make this information easily available, bibliographies with permuted title
and author indices are printed and distributed to individuals active in muta-
genesis research. When specific questions arise in the scientific community
or among health officials, special literature compilations are selected and
printed. To make these data more convenient, EMIC has initiated a tabular
abstraction of selected data in its holdings. These data are entered into
computer files linked to the citation file. The staff of the Center also
prepares literature reviews at periodic intervals on urgent problems involving
the widespread occurrence of specific mutagens in the human population. Yearly
reviews of the literature reporting mutagenie action of chemicals are also pro-
duced by EMIC. EMIC is funded jointly by the National Cancer Institute and
the National Institute cf Environmental Health Sciences.

Ecological and environmental sciences information groups include the Toxic
Materials Information Center (TMIC) and the Environmental Response and Referral
Group (ERRG). TMIC collects, stores, and disseminates pertinent information on
materials in the environment, with particular emphasis on metals and organo-
metallic compounds. TMIC was established as a project support center for NSF-
RANN funded Ecology and Analysis of Trace Contaminants (EATC) program at ORNL.
The Center1? activities have "become quite diver sifiec! since its inception and.
its multiple objectives include the following: to serve as the focal point
for all information acquisition, storage, retrieval, and dissemination for
the 14 EATC task groups; to serve as an information line between EATC task
groups and with external groups with similar interests; to prepare and issue
bimonthly the NSF-RAHN Trace Contaminants Abstracts and newsletter covering
the activities cf the nationwide Trace Contaminants Program of NSF; to prepare
and publish periodically an indexed directory to all NSF-RANN Trace Contaminants
Program participan-s: to respond to inquiries for information on toxic materials
in the environment from researchers, administrators, and laymen; to create data
bases from which inquiries can be answered and special bibliographies can be
drawn and published once the need for such has been demonstrated; to maintain
distribution lists and special directories for the EATC Program; to extract
environment data in a tabular format for certain environmental pollutants; to
participate in the preparation of state-of-the-art reviews; and to provide
information services to the EPA/AEC Testing Protocols for Environmental
Transport Study under way at ORNL.

The Environmental Response and Referral Group responds to requests for
environmental information from sources all over the world; provides information
services to ORNL research teams engaged in preparing environmental impact state-
ments for nuclear power plants; cooperatively exchanges information with USDA
Forest Service in establishing a forest thesaurus, in establishing various



environmentally oriented Forest Service data bases, and in preparing input to
technical documents for publication; maintains a computerized record of all
documents ordered for ORNL's environmental scientists (Document Acquisition
and Control, or DAC); maintains a small hut selective environmentally oriented
resource center with, for example, a complete set of environmental impact
statements for all nuclear power plants, the Great Lakes Bibliography, and a
complete set of the Nuclear Science Abstracts; maintains a directory of tech-
nical environmental specialists and centers by location, telephone numbers,
discipline training, and interest; and prepares state-of-the-art or generic
docunents as required.

EISO information activities in the area of physical and chemical sciences
center on the Energy Information Center and the Energy Research and Development
Inventory. The current Energy Information Center began as a project support
center for the NSF-RANN funded energy work at ORNL and serves as a nucleus for
the emerging energy information complex at ORNL. This energy data base now in-
cludes 2,800 bibliographic entries, covering energy in general: electric power
(generation, transmission, distribution, supply and demand studies, economic
studies, forecasts of surely and demand, use); energy sources (coal, petroleum,
natural gas, shale oil ar:i tar sands, hydrogen, nuclear, solar, geothermal, and
other unconventional sources such as wastes, wood, tidal, and wind); energy
(conservation, supply and demand studies, economic studies, forecasts of supply
and demand, conservation, policy); environmental effects of energy (waste heat,
air and water pollution); and energy uses (residential, commercial, industrial,
agricultural, transportation).

The Energy Research and Development Inventory data base and publication were
first prepared during late 1971 and early 1972 under sponsorship of the National
Science Foundation. It is being updated and expanded under the additional spon-
sorship of the IT. S. Atomic Energy Commission. Government agencies, academic
institutions, private industry, and other sponsored research arc being covered
in the survey. The scope of research projects of interest is broad, including:
(l) all types of energy sources - fossil fuels, nuclear, hydroelectric, solar,
gsotherxsal, tidal, isind, wood, plant, animal materials, and waste products;
(2; elsc^ia power - generation, transmission, distribution, and storage; and
(3) ener^r uses - residential, commercial, industrial, transportation, agri-
culture. 3nd -specialised applications. In addition to exploration, mining
procesŝ isr, resources and reserves studies in relation to energy sources, infor-
mation zz. 2r^r "basic or applied research, engineering development, economics,
envircms:-ai effsc~s. regulations, and legislation studies relevant to the
above subjects are also of interest. Current efforts include improving format
organization, revising subject categories, and broadening questionnaire and
report dissemination. Based upon the results of this survey, the Energy
Research and Development data base has been updated and released through the
U. S. Government Printing Office.

The information storage and retrieval processes are performed by a central-
ized data processing and computer production group working in conjunction with
ORNL's Computer Sciences Division. The Data Processing Center is responsible
for the input of bibliographic, abstract, index, numeric, questionnaire, and
other forms of data. Input is done through remote terminals or Magnetic Tape/
Selectric Typewriter with upper and lower case capability to direct access com-
puter files. The computer production group has the responsibility for submission,



follow-up, and other activities involved in the computer job aspects of data
management, publication and indices production, searches, and other informa-
tion areas required by EISO and several other ORNL groups.

This brief description of the overall Environmental Information System
serves only to acquaint one with the framework of our consolidated information
activities. Though each of these centers deals with "materials" in some con-
text, our Toxic Materials Information Center is oriented toward the effects of
specific materials being released to the environment. The activities and data
holdings of TMIC will be covered in more detail, bearing in mind that the other
centers in EISO are engaged to a large extent in similar activities relating to
their respective specialities.

For an information system to operate in a relevant and timely manner, it
must be conceived and designed for the user and remain service-oriented through-
out its existence. Information needs of the users must be simply stated for the
information system to meet its objectives. Table 1 lists five major general
types of information neecs as defined by our users and requested from our infor-
mation systems.

Table 1. Environmental Information Needs

Bibliographic References
Directory of People, Places, and Projects
Inventory of Current and Proposed Research
Factual Information
Numerical Data
Assessment of InformaLion

BIBLIOGRAPHIC INFORMATION

In rseenx years the emphasis of environmental research has changed from
the small, iniiTiduaL disciplinary research projects, where researchers were
aware of -he state-of-the-art of a given project. Today many research projects
are muiti- and inxerdisciplinary applied research programs. Researchers of
many disciplines (engineering, mathematics, chemistry, etc.) are now concerned
with biological and ecological information in relation to the applied environ-
mental programs currently being developed.

Many of the bibliographic services available are oriented toward discipli-
nary objectives, i.e., Chemical Abstracts, [I]3 Biological Abstracts, [2]
Engineering Abstracts, [_3J Physics Abstracts, [4J Metals Abstracts.. [5] In

3Figures in brackets indicate the literature references at the end of this
paper.



gathering the needed bibliographic information for a given request or building
an interdisciplinary applied information base, an information system can use
the large computer readable data bases produced by bibliographic services
(Table 2). The repackaging of this information rather than building of new
data bases is extremely cost effective and expedient. TMIC uses this method
of data base creation as vrell as the time-honored method of manually select-
ing and abstracting pertinent papers for inclusion in certain data files.
The Toxic Materials general data base contains approximately 9,600 abstracted
citations in trace contaminants ecology, analysis and mathematical modeling.
In addition, several specialized data bases are maintained; they are listed in
Table 3-

Table 2. Examples of Computer Searchable Bulk Data Bases Available

Data Base

BA (Biological Abstracts)

BRI (3io-Research Index
Biological Abstracts

CBAC (Chemical-Biological
Activities, CAS)*

CAE (Chemical Condensates -
Even ISSUPS. GkS)*

CAIN (Catalog and Indexing
System, National
Agricultural Lxbrsry)

CAO (Cheaical Condensates -
Ode. Issues t CA3)*

NSA (Nuclear Science
Abstracts)

USG (Government Research
Abstracts)

Frequency of
Issue

24/year

12/year

26/year

13/year

12/year

13/year

24/year

12/year

Approx. No. of
Records/Issue

5,835

8,333

1,150

7,900

11,000

4,900

2,700

2,200

*CAS ~ Chemical Abstracts Service.

The Toxic Materials Information Center compiles these data bases principally
to meet its obligations as the focal point for information acquisition, storage,
retrieval, and dissemination for the NSF-RANM Environmental Aspects of Trace
Contaminants Program in general and as the project support center for the ORNL



Ecology and Analysis of Trace Contaminants Program funded by NSF-RANN. Once
these data bases have been created and computerized, they are available to
others through response to specific inquiries; also, special bibliographies
can be extracted, indexed, and published directly from the computerized data
bases without remachining the data. Examples of TMIC special bibliographies
include Cadmium in the Environment, [6] Trace Elements in Sewage/Sludge, [7]
and Environmental Transport of Chemicals. [«]

Table 3. TMIC Special Oata Bases

• Subject areas Citations Comments

Environmental madding
Trace elements in coals and other fuels
Trace contamaumts in soils and sediments
Cadmium
Arsenic
Mercury
Chlorine -
Environmental quaity indicators
liquid wastes
Environmental transport

A - file with abstracts
B - file partially with abstracts
C - created by W. A. Thomas, G. Goldstein, W. Wilcox, ORNL
D - created by W. J. Boegly and W. D. Griffith, ORNL, HUD funded
E - support data base for EPA/AEC study on environmental transport of

chemicals

8000
800

1500
2500
900
1450
880
600
250
1005

B
B
B
B
B
B
B
A.C
A,D
E

DIRECTORIES AND INVENTORIES OF CURRENT RESEARCHERS
AND RESEARCH PROJECTS

A second inrpor̂ arT reed of researchers is a directory of people, places,
and c-c=r=r- researcr projects. We keep this type of information in two
degrees zf cc-rpls-ceness. The EISO computerized directory lists approximately
20,00C persons bj nase, address, telephone number, and various types of
identifying labels 2r.d/or keywords. This directory is used to maintain
distribution lists and to locate researchers and administrators. I-fore
sophisticated subsets can be prepared and used to maintain and publish
directories for specific programs such as the NSF-RANN Trace Contaminants
Directory. [9] Once these data bases are constructed, Iney can V><± used for
searching "geographic locations" by "zip code" or area telephone number and/or
experts by professional or research interest.

Comprehensive data files listing current research projects in detail
are prepared wherever funding is available. This type of information base
is important only if it is kept current. Two of our files (computerized and
subsequently published) are: Inventory of Current Energy Research and
Development, [10] and the MSF-RANN Trace Contaminants Abstracts. LI IJ The
Trace Contaminants Abstracts is a bimonthly abstract Journal recording where



results are being reported by the grantees in the NSF-RANN Trace Contaminants
Program. The abstracts are accompanied by a more informal newsletter
containing brief program notes and meeting notices and reviews. This
abstract journal facilitates the exchange of information between the grantees
as well as between the grantees and others interested in this area of environ-
mental concern. If a program or agency will keep this information current,
the contents can bo used to produce annual progress reports by programs or
agencies. This operation ultimately can save bench workers time in responding
to their administrator needs.

FACTUAL INFORMATION FILES

It is becoming increasingly more important for information centers to
answer questions rather than build comprehensive bibliographic files.
Factual information about a chemical substance in the environment is nec-
esstry to assess the effects of that chemical. Many factual information
files exist today; however, many of these have been produced with a single
objective. There are desk top reference books such as the Chemical Rubber
Publishing Company's Handbook of Chemistry and Physics [12] for chemical
and physical data and Biology Data Book p3j for biological data.

The need has become pressing to reduce to a more assimilable form the
scientific data contained in the growing volume of literature being generated.
Both scientists and information processors are giving thought to developing
a method of extracting and summarizing pertinent data from technical papers
and reports without destroying the integrity of the data reported.

The necessity for establishing such data files, particularly in the
area of toxic chemicals, liau tm&u recognized by such groups us tlie United
Nations Advisory Committee on the Application of Science and Technology to
Development, the Scientific Committee on Problems of the Environment of the
International Council of Scientific Unions, and the United Nations Conference
on the Human Envircnsen*. To date, Dr. Alexander Hollaender (Consultant)
and Dr. ?. Schsiit-Eleeic of the University of Tennessee have been engaged
in a feaslbilit" evaluation of an International Registry of Potentially
Toxic Che2i^al5 i.s requested by the United Nations Advisory Committee on
the Application zi' Science and Technology to Development. L14]

This proposed registry is viewed as a computerized compendium of data
by various national and international agencies, designed to coordinate and
stimulate activities at the international level to effectively reduce or
eliminate the worldwide hazards from potentially toxic chemicals. The
Toxicology Information Program, National Library of Medicine, under the
direction of Dr. Henry Kissman, is also engaged in feasibility studies of a
large-scale toxicology data file of this same general nature.

The Environmental Information System Office of ORNL is interested in
proving the viability of the concept of such a large-scale system and is
using the efforts of its individual infomation center units to construct
various interlocking data files that show promise of conversion to a large
integrated file. For example, the Environmental Mutagen Information Center
(EMIC) has extracted and published data concerning the mutagenicxty and



teratogenicity of a selected number of food additives. [15] In addition to
published data, the EMIC funding agency now requires data from all its con-
tractors to be added to this file. In this manner, EMIC will assimilate and
distribute this information to all its users.

The Biomedical Sciences Section of EISO is defining the data field des-
criptors and beginning to extract toxicologically related information for
the Toxicology Information Program of National Library of Medicine (figure 2).
They are also engaged in extracting data for an insecticides file for the
U. S. Forest Service.

The Toxic Materials Information Center is determining the feasibility of
reducing scientific and technical data pertaining to the sources, transport,
and fate of trace contaminants in the environment (figure 3). These data, to
be machine-stored in their reduced form, could be subsequently ordered on any
two subject categories and printed out in tabular form.

When these files are added together, making a comprehensive data file,
information will be available to study the impact of chemicals or substances
in the environment, and rcre complete information will be stored in one place
for setting standards and criteria to protect environmental quality.

NUMERICAL DATA FILES

The last type of data, needed mainly by researchers but also decision
makers, is numerical data bases concerning environmental measurements. With
the growing concern for rational land use and planning, environmental impact
of industrial and federal construction, and economic growth and development
of man-made changes in our environment, thersic a need for detailed unana-
lyzed numerical data that can be merged with other information for final
assessment.

Tir-û i TMIC is not yet storing numerical data, information system
"- — s can ?Ia~ a najor role in knowing where files are located, the

nter- ci' the da'ta files, the means of accessing the data, and the short-
comings HT-Z strong points of the data in relation to the applicability of
data uc ± e needs cf the requestor.

ASSESSMENT OF INFORMATION

The information gathered in the files just described is often passed on
to the requestor for evaluation. However, information systems can play &.
significant role in the evaluation of data and the subsequent preparation of
reviews and state-of-the-art documents. Senior information specialists with
academic specialities in the area under review can serve to unify the efforts
of the more generally oriented information center staff v/ith those of the
highly specialised research participants or university professors to produce
an extremely useful and accurate state-of-the-art document. TMIC participated



in the preparation of the review document Cadmium, The Dissipated Element [16],
and has just completed a review on heavy metals in the aquatic environment in
conjunction with Dr. Harry Leland of the University of Illinois to be part of
the Journal of Water Control Federation yearly review issue.

CONCLUSIONS

Thus, TMIC and all of EISO strives to be flexible enough to handle all
types of data needed by their user communities. Whether providing biblio-
graphic references, factual Information, numerical data, as evaluated reviews,
the user's needs must be the keystone to the development and operation of all
information systems.



REFERENCES

Cl3. Chemical Abstracts, The American Chemical Society, Columbus, Ohio.

[2]. Biological Abstracts, Biosciences Information Service, Philadelphia,
PA.

[3]. The Engineering Index, The American Society of Mechanical Engineers,
New York, NY.

£4]. Physics Abstracts, Institution of Electrical Engineers in Association
• with the Institute of Physics and the American Institute of Physics,
London.

[5]. Metals Abstracts, (published jointly by) The American Society for
Metals and The Institute of Metals, Metals Park, OH.

[6j. Emily D. Copenhaver, G. U. Ulrikson, W. Fulkerson, and L. T. Newman,
Cadmium in the Environment - An Annotated Bibliography, Toxic Materials
Information Center, Znvironmental Information System Office, Oak Ridge
National Laboratory, ORNL-EIS-17, 1973.

[7]. Emily D. Copenhaver, Trace Elements in Sewage/Sludge, Toxic Materials
Information Center, Environmental Information System Office, Oak Ridge
National Laboratory, ORNL-EIS-74-55, 1974-

[8]. Bonnie K. Wilkinson, Lydia S. Corrill, and Emily D. Copenhaver, Environ
mental Transport, of Chemicals. Toxic Materials Information Center,
Environmental Information System Office, Oak Ridge National Laboratory,
QSNL-EIS-74-6S, LI

£9]. Emily D. Copenhaver (ed.), NSF-RANN Trace Cont.g.pinants Directory. Toxic
?;!aterials Information Center, Environmental Information System Office,
•jsk ?i.dge National Laboratory, ORNL-EIS-62, 1973.

[10]. 3. M. Cater., .7. M. Cailton, J. K. Ruffstetler, B. W. Kline, and D. C.
Miabselsoru I-'/snxory of Current Energy Research and Development,
Errircrsier̂ ai lifonnation System Office, Oak Ridge National Laboratory,
CEIH-II3-73-63r December, 1973; three volumes reprinted under same
ti~le as Congressional Committee Print (Serial J), January 1974,
obtainable through U. S. Government Print Office.

[ll] Emily D. Copenhaver (ed.), NSF-RANN Trace Contaminants Abstracts,
Toxic Materials Information Center, Environmental Information System
Office, Oak Ridge National Laboratory, ORNL-EIS-60, -Nos. 1-4, 1973-1974-

[12]. Robert C. Weast (ed.), CRC Handbook of Chemistry and Physics, Chemical
Rubber Company, 53rd edition, 1972-73-

[13], P. L. Altman and D. S. Dittmen (eds.), Biology Data Book, Federation of
American Society for Experimental Biology, Bathesda, LID.



[14] Feasibility Evaluation of International Registry of Potentially Toxic
Chemicals, Appalachian Resources Project, University of Tennessee,
Rnoxville, TN, 1972.

[15] The Mutagenicity and Teratogenicity of a Selected Number of Food
Additives (EMIC/GRAS Literature Review), ORNL EMIC-1, Environmental
Mutagen Information Center, 1973-

[16] W. Fulkerson, H. Goeller, et al., Cadmium, The Dissipated Element,
Oak Ridge National Laboratory, ORNL-NSF-EP-21, January, 1973.



Fig. 1. Environmental Information System Office organization

Fig. 2. Toxicology data descriptors.

Fig. 3. Environmental data descriptors.
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