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Information Exchange and Computerized
Data Retrieval for Toxicology

Computer applications in toxicology have been under development in our laboratory
at the Walter Reed Army Institute of Research (WRAIR) during the past eight years,
and our progress in this field has been reported periodically in two films and papers pre-
sented at scientific meetings [/-5]. Computerized retrieval of ultraviolet spectral data,
infrared spectral data, and gas chromatographic data has been included in these presenta-
tions, and more recently the Registry of Human Toxicology, maintained by the toxicology
section of the American Academy of Forensic Sciences (AAFS), has been programmed
through our efforts so that computerized information files are now available for rapid
access. As interest in computerization continues to grow, and computer systems are in-
corporated into laboratory operations (whether as dedicated instruments to control ana-
lytical equipment, or as information retrieval facilities provided by a data processing
center on a time-sharing basis), the concept of a large information bank with rapid
retrieval capability is most appealing to the researcher who must keep up with current
developments, as well as to the toxicologist with an unusual case. The project described
in this paper is an attempt to meet this requirement.

History

To coordinate computer applications in toxicology, a project intended to establish a
computerized information bank was commenced at the Home Office Central Research
Establishment (HOCRE) in Aldermaston, U.K. Under the sponsorship of Dr. Alan S.
Curry, Director of HOCRE, this task was initiated by the author who had been granted a
Secretary of Defense Research and Study Fellowship for that purpose. The object of a
computerized information bank is to provide a simple and rapid means of information
storage and retrieval that will be an inducement to data exchange. To achieve this capa-
bility at minimal cost, a small laboratory computer was used for the project. Thus, the
system could be made available to any laboratory equipped with such a computer on a
basis of participation in the information exchange network.

In order to reduce expensive duplication of effort, the project has been coordinated
through the International Association of Forensic Toxicologists (TIAFT) with the co-
operation of Dr. Curry and members of his staff. A combined effort will determine the
basic format, computer programs, and operational procedures that will provide effective
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information collection and exchange. Problems of computer equipment compatability are
to be investigated after the system has become operational in Aldermaston and in Wash-
ington, with the information exchange between the Toxicology Section of WRAIR and
Information Division of HOCRE to follow. However, a project of this magnitude requires
considerable time to implement, especially in testing and improving computer programs
that must operate efficiently and flawlessly. In this first phase of the project, file assign-
ments and data formats are described that hopefully will merit further effort and consider-
ation. Moreover, the computerized literature retrieval system, developed for HOCRE, is
introduced to demonstrate what has been achieved in rapid search capability for the foren-
sic sciences literature. Presumably that system, which now operates on a large computer,
can be adapted to the small laboratory computer and become an important part of the
information bank as well.

Computerized Literature Retrieval

To illustrate the advantage of data encoding when this approach can be utilized, the
computerized literature retrieval system now in operation at the HOCRE laboratories is
presented to familiarize anyone not acquainted with the many facets of automated data
processing. The programs were developed on a large Burroughs 5500 time-sharing com-
puter by James Lowe and Jan Clarke of the Home Office Scientific Research Branch of the
Police National Computer Unit, and the system is now being emulated and transcribed
for thé minicomputer by Colin Brown at HOCRE.

The literature retrieval system is a simple and effective means of retrieving forensic
sciences literature from a file of over 12,000 records. Initially, each record is distinguished
by an accession number and descriptors or key words that indicate the nature and content
of the record, that is, the published article. The accession number refers to the actual
reproduction of the information on microfilm. The key words describe the record to the
extent that it can be identified with topics, procedures, or data pertinent to the forensic
sciences. Later, when these same key words are used in an inquiry, the record is retrieved
(Fig. 1). The key words are selected from a thesaurus of descriptors that are common to the
forensic sciences.

Prime number encoding is the basis of this system and has enabled the file search to be
completed for each inquiry in a very short time, usually in only a few seconds. Briefly,
prime number encoding means that each key word in the thesaurus has been assigned a
different prime number, and each record in the file is in fact the product of prime numbers
associated with those key words (Fig. 2). Identification with a record is effected when a
prime number that represents a given key word can be divided evenly (that is, without a
remainder) into the product of the primes that correspond to that particular record.

Conversion of key words to their assigned prime numbers is accomplished by the com-
puter as soon as the key word has been entered. Additionally, another computer program
converts key-worded records to a product of the corresponding primes, and assembles
them into the file together with the accession number associated with the record.

With the system now in full operation, Home Counties Forensic Science Laboratories
throughout the United Kingdom can be assisted quickly and easily whenever problems
arise that require a search of the literature. Moreover, keeping the system updated requires
very little effort beyond the task of microfilming and selecting key words for those pub-
lications relevant to the forensic sciences.
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FIG. 2—Keyworded excerpt from the literature and conversion of encoded prime numbers to a product
that serves as a record for storage in the computer.

Toxicology Data Bank

Information sources, such as those maintained by HOCRE and WRAIR, were con-
sidered adequate to provide data for the initial files of the data bank. Nevertheless, the
objective of this project was to promote exchange of data and information by as many
laboratories as possible. Assuming that most forensic sciences laboratories will eventually
acquire small, laboratory-type computers to operate automated equipment, they would
then have direct access to the information bank as soon as programs and files could be
incorporated into their systems. The incentive to supplement the files would be much
greater since the benefits would be immediate. Thus, the usefulness of such information
and the ease of file management, as well as the speed of record or data retrieval, would
encourage cooperation among laboratories to the extent that the entire operation ought
to be self-sustaining rather than dependent on the efforts and facilities of a single person
or laboratory.

Perhaps the greatest problem in the design of an information bank is to determine
what must go into it. Everyone is not in agreement as to what constitutes important or
useful information. However, physical characteristics of compounds such as spectral data
dre now utilized extensively by most laboratories, and programs and files to serve these
requirements have been modeled after the ultraviolet spectra identification program used
in our laboratory for over five years. Separate files were designated for each collection of
spectral data so that they could be searched independently as well as collectively within
the contexture of the system. This concept is important because the function of most
laboratory computers is to operate with other equipment, and for this reason they are
frequently purchased as a component or an accessory interfaced to a specific analytical
instrument such as a spectrophotometer or gas chromatograph. Hence, files that can be
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used in conjunction with such apparatus would serve two functions and thereby increase
their utility and importance.

From these preliminary considerations involving the spectral files emerged the design
for the information bank. To keep the system flexible as well as useful, it had to be a com-
posite of files that could be multifunctional. One major disadvantage was that such a sys-
tem excluded any type of encoding that might improve file compression and reduce re-
trieval time, such as the prime-number encoded Literature Retrieval System of HOCRE.
If the files were to be used individually for specific applications in dedicated equipment
systems, encoding and decoding programs would have added another dimension to a very
limited computer capacity, and would have unduly complicated the processing of data.
Therefore, the system is a composite of eight individual files maintained on magnetic
disk or tape, and designated as follows: (1) ultraviolet spectra, (2) mass spectra, (3) infra-
red spectra, (4) miscellaneous physical characteristics of compounds (for example, melting
points, solubilities, gas chromatography retention indices, and normal dosage range and
route of administration for drugs), (5) drug distribution tables (that is, distribution of
drugs in body fluids and tissues compiled from postmortem reports and studies conducted
with therapeutic doses), (6) selected literature references to procedures, (7) reported
synonyms and trade names of drugs and compounds, and (8) accepted drug or com-
pound names (based on the name ascribed to & compound and listed in the Merck Index
of Chemicals and Drugs). Again, in the interest of flexibility, the system is by no means
limited to eight files, and could concejvably be reduced or increased as use and require-
ments dictate, Also, programs can be written to suit individual needs, and the file data
can be utilized for a particular application.

In general, the system is intended to provide a profile on every compound included. To
retrieve this information, the name of a substance need only be entered into the computer
together with a call for the general search program. If the name cannot be found in the
accepted name index (File 8), the synonym file (File 7) is scanned in an attempt to locate
the compound in question. Once the name has been found in either of the files it will be
identified with the file number for that compound, and the remaining files will be searched
for all data and information contained therein. The name and file number of the com-
pound and all names synonymously associated with the compound will be printed (Figs.
3 and 4) as well as miscellaneous physical characteristics; ultraviolet, infrared, and mass
spectra; drug distribution in body fluids and organs; and references to analytical
methodology.

Examples of the ultraviolet spectral identification program (Fig. 5) and the mass spec-
tral identification program (Fig. 6) have been included to demonstrate the use of specific
files for individual applications. Other programs that will be available include the identi-
fication of compounds by gas chromatography retention indices and statistical evalua-
tions of drug distribution data. Also, a ninth file will be added to correlate the Chemical
Abstracts Numerical Index of Chemical Compounds with the system.

Programs, files, and the interpass program loader, which transfers programs on the
tape to the computer, reside on a single magnetic tape. With provision for approximately
1000 records in each file, the eight files occupy half of a 2400-ft reel of tape. Therefore,
the capacity of a single tape would be about 16,000 records. The main objection to the
use of magnetic tape is the slow access and comparatively longer time of retrieval due to
the serial search process. Computers with a magnetic disk peripheral can execute the
programs in a fraction of the time, and the system has been adapted for disk operation.
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FIG. 3—First part of data profile on amobarbital.
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FIG. 4—Second part of data profile on amobarbital.
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Conclusion

The demand for information increases with the rapid advances in scientific technology,
and with this advancement and the development of more sophisticated equipment data
often accumulates faster than it can be evaluated and organized for reference. Obviously,
computers are the answer to this problem, but program and systems development can be
costly. Any duplication of effort can serve only to increase the expense. If the format and
design of a general file for toxicology can be established soon enough, the problem of
information exchange will be minimal and the cost of maintaining an information bank
will be insignificant. With cooperation and a combined effort, much can be achieved for
the mutual benefit of those who are willing to participate actively. Hopefully, this cooper-
ation will come nationally from the membership of the American Academy of Forensic
Sciences, and internationally from The International Association of Forensic Toxi-
cologists.
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