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ABSTRACT

Beginning in September 1972, the National Occupational Hazard Survey
(NOHS) was conducted by the National Institute for Qccupational Safety and
Health (NIOSH) over approximately two years to gain comprehensive national
information regarding exposure of employees to potential hazards across
occupational and industrial categories. In an effort of a 1ittle over two
years, Research Triangle Institute (RTI) created an initial SYSTEM 2000 data
base from the resulting survey data and from certain descriptive auxiliary
files and established software procedures to utilize effectively the
information contained in the data base.

However, due to unforeseen delays in the availability of certain
information and due to the cumbersome aperation of the retrieval and
estimation procedures, the need arose to improve upon some aspects of the
initial NOHS data base system and to add some new features. These needs
resulted in the current contract with the following specific objectives:

5 Develop a system to retrieve information and generate reports in the
three basic categories of hazard, occupation, and Standard
Industrial Classification (SIC) Code.

e Develop a system to update the NOHS data base by including
additional information on primary and secondary Trade Name Products
and newly recorded potential hazard codes.

© Develop a system to catalog and store retrieval queries and
responses to avoid duplication of prior runs.

& Redesign and/or redevelop the current NOHS algorithm program used to
project national statistics.

® Develop a system to permit Tinkage to NIOSH's Registry of Toxic
Effects of Chemical Substances {RTECS) and an internally maintained
file on published Titerature on toxic effects.

Employing the Parklawn Computing Center factilities, RTI Targely accomplished
these goals, and this effort is summarized here.

This report was submitted in fulfillment of Contract No. 210-77-0149 by
the Research Triangle Institute under the sponsorship of the National
Institute for Occupational Safety and Health.
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[. INTRODUCTION

The Surveillance Branch, Divisian of Surveillance, Hazard Evaluaticns and
Field Studies, of the Nat1ona] Institute for Occupat1ona] Safety and Health
(NIOSH) has the responsibility for development and implementation of a
National Surveillance system. This system must be designed to assess
continuously the distribution and usage characteristics of occupational
hazards as well as the incidence and severity of related illnesses.

Obviously, this activity is impossible without properly designed survey
models, techniques, and procedures that permit the acquisition and analysis of
relevant data on occupational hazards and illness effects fram government,
commercial, and/or industrial sources.

One of the surveillance mechanisms that is utilized for the collection of
information on occupational hazards and the resultant systematic
identification of high-risk occupational groups is the National Occupational
Hazard Survey (NOHS), which was conducted by NIQSH beginning in 1572. In June
1974, NIOSH let Contract No. €DC-99-74-40 with the Research Triangle Institute
(RTI) for professional and technical support of NOHS. The objectives of
the contract were to clarify and integrate NIOSH edited data, to analyze the
data statistically, to prepare a final report analyzing the survey in total,
to prepare a supplemental array of tables delineating specific findings of the
survey, and to construct a data base and an associated computer 1nrormat1on
retrieval system. These objectives were largely met in a period of ’
performance lasting approximately two and one-half years.

However, there still remained several areas of improvement in-development
and analysis of the NOHS data base that would make it a more efficient and
effective tool for NIOSH. Consequently, in September 1977, NIOSH let Contract
No, 210-77-0149, "National QOccupational Hazard Survey (NOHS) Data Base
Development and Analysis,"” with RTI. The objectives of the work performed
under this contract are identified below by the appropriate report section
that discusses methodologies used and results obtained in each:

Report Section Objective

IV.A Develop a system to retrieve information and generate
reports in the three basic categories of hazard,
gccupation, and Standard Industrial Classification
(SIC) Code.

v.B Develap a system to update the NOHS data base by
including additional information on primary and
secondary Trade Name Products and newly recorded
potential hazard codes.

[v.c Develop a system to catalog and store retrieval
gueries and responses to avoid duplication of prior runs

[-1



Report Section Objective

IV.D Redesign and/or redevelop the current NOHS algorithm
program used to project national statistics.

IV.E Develop a system to permit linkage to NIOSH's Registry
of Toxic Effects of Chemical Substances (RTECS) and an
internally maintained file on published literature
on toxic effects.

Section II, Background, describes the development of the original NOHS
data base and the need for the refinements and modifications described in
Section IV, Discussion of Tasks. Section III, Relationship of Current Effort
to NOHS System, gives a brief description of the phases or components of the
NOHS system and shows the relationship that exists between project tasks and
the components of the NOHS system. Section V, Discussion of Findings,
summarizes results, while Section VI provides conclusions and recommendations.
Section VII 1ists references cited.

[-2



[T, BACKGROUND

A. Development of the Naticnal Occupatignal Hazard Survey (NOHS) Data Base

Shortly after the passage of the Occupational Safety and Health Act of
1970 (the Act) created the National Institute for Occupational Safety and
Health (NIQSH) within the Department of Health, Education and Welfare, the
Department established seven task forces to implement its responsibilities
under the Act. 0One of these task farces, the Task Force on Hazard and Disease
Monitoring, foresaw the need for detailed information on the distribution of,
use of, and exposure to chemical substances and physical hazards in industries
regulated under the Act. The Bureau of Occupational Safety and Health (BOSH),
NIOSH's organizational predecessor, had made survey efforts to meet this
informational need, primarily through the National Surveillance Network for
Occupational Health (NSN), an information gathering system initiated in
cooperation with several state industrial hygiene agencies.

After examining the results and procedures of these earlier surveys hy
BOSH, the Task Force on Hazard and Disease Monitoring outlined a 2-phase
information gathering system for NIOSH. The first phase, the National
Occupational Hazard Survey (NOKS), was to provide a base of descriptive
information on occupational exposures; the second phase was to continue using
the NSN system to update information gathered by NOHS. When NSN information
indicated that parts of the NOHS information were outdated, NIOSH was to
perform new industry specific surveys to replace ocutdated segments of NOHS.

1. Survey Plan

NIQSH adopted the Z-phase scheme proposed by the Task Force and
began the first phase. First, the Bureau of Labor Statistics (BLS) and NIOSH
worked together to formulate a general statistical design for implementing
NQHS that was feasible. The design resulted in a sample of approximately
5,000 industrial facilities in 67 metropolitan areas and approximately 3,000
facilities in 50 rural counties. Some facilities involved more than ane
plant, or location. The metropolitan areas included Standard Metropolitan
Statistical Areas (SMSAs), groups of SMSAs, and one non-SMSA area (Anchorage,
Ataska). Facilities within metropolitan areas were chosen on the basis of
Standard Industrial Classification (SIC) and number of employees. Later those
facilities from rural counties were dropped from NOHS.

2. Forms Control

Beginning in September 1571, two groups of ten surveyars were called
to active duty in the Commissioned Corps of the United States Public Health
Service to conduct the NOHS survey, and NIOSH implemented a manual in which
survey procedures were specified and a survey form was provided for the
surveyors to record the information gained from facility contacts. The NOHS
survey actually began in Baltimore, Maryland, in February 1972.

As the NOHS survey reports were sent to Headquarters from the field,
the necessity for rigid control over them was immediately apparent, so a
procedure involying a desk check (for obvious coding errars) and a Volume Log
Book (for aorganized forms contrcl) was soon developed.

IT-1



3. Professional and Technical Suppert

NIOSH made various interagency agreements for various support tasks
in relation to NOHS, such as those for microfilming the survey results, coding
occupation groups, and aiding the editing and statistical prejection
processes. In addition, NIOSH let a major contract for the Trade Name
Ingredient Clarification (TNIC)Project to resolve the many trade same products
in NOHS into specific exposures. :

In June 1974, NIOSH contracted with Research Triangle Institute (RTI) to
provide professional and technical support for NOHS. The purposes of the
contract (No., CDC-99-74-40) were to clarify and integrate NIOSH edited data,
to analyze the data statistically, to prepare a final report analyzing the
survey in total, to prepare a supplemental array of tables delineating
specific findings of the survey, and to construct a data base and an
associated computer information retrieval system. These objectives were
largely met in a period of performance lasting approximately two and one-half
years.

B. Need for Further NOHS Refinement

While the previous RTI contract objectives were largely met, there were
several areas that needed more attention. Specifically, while the computer
information retrieval system developed during the previous RTI contract
involved a statistical estimation procedure that was versatile and
theoretically sound, inherent difficulties were created by certain nonrandom
aspects of the NOHS process, the estimation process was extremely slow and
expensive to run, and SYSTEM 2000, which was chosen to manage the NOHS data
base, was not completely implemented or being used at full effectiveness.
Finally, several new ideas were formulated that could not be implemented since
no money was available: development of new report formats expected to be
needed for future requests, redesigning the projection algorithm to be more
computationally efficient, and the development of a query storage and
retrieval subsystem to avoid redundant estimate processing. It was during the
project on which this report was written that these needed improvements to the
NOHS system were implemented.



[II. RELATIONSHIP OF CURRENT EFFORT TQ NOKS SYSTEM

The NOHS data base management system procedures are comprised of five
functional phases or components, which are shown as rectangular boxes in
Figure 1. Descriptions of these components as they existed at the time of
contract initiation are given in Section A, and the relationship of the
current project's tasks to these five components is given in Section B.

A. Description of NOHS Data Base Management System

1, SYSTEM 2000 (S2K) Load/Update

Since the NOHS data base is very large and complex in structure and
involves many auxiliary fijes, it is maintained under a Data Base Management
System (D8MS), namely, SYSTEM 2000. Originally, it was thought that the trade
name key resolution process would be completed by the time the initial loading
of data under SYSTEM 2C0C, accomplished incrementally, would be finished.
Thereafter, only relatively small updates, using the SYSTEM 2000 update
capabilities directly, would be needed for keeping the data base current.
However, the trade name resolution process has not been completed to date,
although an initial data base does exist under SYSTEM 2000. For the large
quantities of records involved in each increment of trade name resolution,
finalized updating procedures did not exist at the time of current project
initiation. -

2. Query Analysis and Processing

In the query analysis and processing component, a request for
information is received and reviewed in order to determine the specific
requirements and the most appropriate solution. A set of cuery control cards
is prepared manually to provide input to the projection process. The query
analysis within the first step reads the guery contral cards, performs a
validation operation, and produces output only of valid encoded intermediate
requests. An error message report is produced that indicates any
discrepancies requiring correction and resubmission.

The query processing phase of the first component accesses the
facility-statistical data in accordance with the encoded reguests received.
The encoded input request, or query, records contain the selection criteria
details regarding the desired conditions or specifications from the requests
for information. An output of intermediate records is produced that controls
operation of the three components that follow query analysis and processing.
Those requests for information requiring access to the exposure data create
additional intermediate control records identifying facilities that meet the
selection criteria provided in the query. The exposure access control records
contain data regarding occupation codes and hazard or rank codes and a case
code that indicates the made for processing occupation and hazard data. At
Teast part of the count records input to the projection phase is also produced
during query processing.

[I1-1
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3. Exposure Data Retrieval

The exposure data access phase reads the control records provided by
the prior query analysis and processing phase. The control records may
indicate that no access to the exposure data is reguired, in which case the
exposure access becomes null; otherwise, the control records provide, for each
facility considered in the projections, indicators as to its gqualification.
Access to the exposure data is provided, first, by the facilitiés gqualifying
for a query found through the query processing step. Only those facilities
received in the control records as gqualifying will be caonsidered for access.
Additional access control occurs within each facility in terms of the
occupation and hazard/rank limitations. A single specified occupation cade
will Timit the access to a smaller portion of data within a facility range. A
single rank code will also address a smaller segment of a given facility
range. A request for a specified hazard/rank may have the option of including
information regarding obscure exposures related either to trade name data or
generic hazard resclution data. This option may expand the request for a
single hazard/rank into a Tist of hazard/rank codes. Output from the exposure
data access operation goes into the next step for reduction and summary
pUrposes.

IT exposure data have been accessed and a file of retrieved records
obtained, a data reduction of retrieved data is needed. The data reduction
step resolves duplicate exposures due to obscure exposure retrieval and
summarizes the data into a form and sequence for input to the projection
phase. Processing case codes for "all" and "every" are differentiated in this
phase. Various processing routines handle the different case code
requirements. Report number and guery position in the report are maintained
for control purposes.

4, Projection Algorithm

The projection component receives control and data records from
several sources. Basic facility-statistical data required for projection
calculations and the necessary query and report control data are received
directly from the query analysis and processing phase. A Facility Count Data
file may be received from the gquery analysis and processing phase alone if no
reference was specified to exposure data. However, exposure data may be
obtained from the retrieval and data reduction steps. Data received fraom the
exposure data retrieval step are sorted by report, pseudo-facility number, and
query so as to simplify and expedite projection calculations.

The projection algorithm component takes the above inputs and produces
estimate files that become input to the report generator. These files contain
the necessary statistical information, including SIC-size classifications,
estimates, variances, and response counts, to produce estimate tables such as
those found in Volume III of the final report [11 for the previous RTI data
analysis contract (MNo. CDC-89-74-40),

5. Report Generator

The report generator phase receives a combination of control,
header, and estimate records. The input records are arranced or sorted into
the desired report control records. Various report formats and seguences are
provided to permit a wide range of reports.



B. Current Effort on NOHS System Components

As originally conceived (see Figure 1), the NOHS system had five major
components: a load/update component, & query analysis and processing
component, an exposure data retrieval component, & projection algorithm, and a
report generator. Another potential NOHS system component being strongly
considered at the beginning of the current project was a guery storage and
retrieval subsystem., The relationships of these six components to the five
tasks in the current contract are summarized in Table I and discussed more
fully below.

TABLE 1. CONTRACT TASKS BY SYSTEM COMPONENT

NOHS Components Tasks

1 2 3 4 5
Load/update X
Query analysis and processing X
Exposure data retrieval X X
Projéction algorithm X
Report génerafor X
Query storage and retrieval X

Task 1, Develop Retrieval and Reporting Subsystem, had as its objective
the development of a system to retrieve information from the NOHS data base
and to generate reperts beyond those prepared for Volume III of the final
report for the previous RTI data analysis contract with NIOSH [1]. The ideal
goal was a unified method to present information across any of the three major
NOHS stratifications (SIC, OCC, or HAZ) in any of a variety of report formats.
So as to facilitate requests for estimates needed for such reports, a more
comprehensive, easily understood query language was an important
consideration, thus involving the guery analysis and processing component as
shown in Table I. As also shown in Table I, the expansion of exposure data
retrieval capabilities was considered necessary, and the report generator
required the addition of new options to meet new report needs.

Task 2, Develop Update Subsystem for NOHS, entailed developing a method
of updating the NOHS data base as the trade name resolution process continued.
The resolution process had become a longer-term process than originally
planned. Thus, since a SYSTEM 2000 data base was Toaded that would continue
needing massive updates for the foreseeable future, the load/update procedures
for the data base received careful consideration. The development of the
update subsystem is the central part of implementing a dynamic load/update
process. ‘

I11-4



Task 3, Develop Query Storage and Retrieval Subsystem, concerned the
development of & subsystem not originally a part of the NOHS system. The goal
of the query storage and retrieval subsystem was to eliminate the need for
redundant estimate calculations by storing the queries and their associated
estimates in the data base or in some other easily accessible file. Then,
when a guery has been analyzed and determined to be structurally correct, &
search could be made to establish whether or not that guery had been
previously generated. If so, the calculated estimates would be retrieved or,
if not, estimates would be generated and stored. Due to the sltow retrieval
process and the even slaower projection algorithm used previous to the current
project, the development of & query storage and retrieval subsystem was
anticipated to save nuch expense by eliminating many costly estimate runs in
the future. :

Task 4, Redesign Projection Algorithm, was the task carrying the highest
urgency for NIOSH. Interest continued to be expressed in specific NOHS
estimates after the previous RTI data anmalysis contract, and the original
projection algorithm, although thearetically sound, was very expensive to run.
[ts inefficiency was caused primarily by computational adjustments for’
statistical aberrations in the NOHS implementation, the desire for estimates
by observed SIC-size (rather than the original BLS SIC-size), and the many
extra calculations required for variances and, for some estimates,
covariances. The redesign task is shown in Table I to involve primarily a
single major component of the NOHS system, the projection algorithm.

Task 5, Develop Subsystem to Link NOHS and RTECS, involved an extension
of NCHS retrieval capabilities and was expected to increase the usefulness of
both the NOHS and RTECS data bases. The Registry of Toxic Effects of Chemical
Substances (RTECS) data base provides comprehensive information on the taxic
effects of various chemical substances. The NOHS data base offers very
valuable information on the distribution of potentially hazardous exposures to
hazards across industrial and occupational categories. As reflected in Table
I, the NOHS-RTECS 1ink subsystem was expected to make a major contribution to
the exposure data retrieval component of the NOHS system.

The five tasks of the current contract were largely completed, except for
the development of the query storage and retrieval subsystem. Completing this
subsystem became unnecessary, primarily due to the extent of the improvement
made in redesigning the projection algorithm. [t should be noted that
documentation was included as a major part of several subtasks after contract
initiation, due to concerns expressed by NIOSH about the importance of
documenting data sets and subsystems developed during the current contract.
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IV. DISCUSSICN OF TASKS

Under NIOSH Contract No. CDC-99-74-40, RTI was assigned five major
tasks, which RTI further divided into subtasks, as noted in Figure Z.
Accomplishments made under each of these project tasks are described in detail
in the following sections, with subsections identified by the Figure 2
subtasks to which they pertain. A brief description of the relationship of
these five tasks to the components of the NOHS system and a discussion of the
task objectives are given in Section III, Relationship of Current Effort to
NOHS System. :

A. Task l: Develop Retrieval and Reporting Subsystem

Under Task 1, RTI develcped a subsystem to retrieve information and
generate reports in one or in any combination of the three basic categories of
the NOHS data base: hazard, occupation, and Standard Industrial
{lassification (SIC). This subsystem caontains a retrieval subsystem and a
report subsystem, each of which is discussed below.

1. Retrieval Subsystem (Subtask 1.1)

- The first step in developing the retrieval subsystem was the Toading
of the large and complex NOHS data base under SYSTEM 2000. This allowed the
highly efficient retrieval features of SYSTEM 2000 to be used in designing the
retrievél functions needed. However, for retrieval subsystem testing
purposes, a small, rather than a lTarge, data base was desirable, so a small
data base, which will continue to be Toaded incrementally, was initially
loaded by January 1978. A description of the current status of the data base
may be obtained from the schema and taliies of several key fields in Figure 3.

The retrieval approach utilizes the Procedural Language Interface (PLI)
feature of SYSTEM 2000 to retrieve information from the data base through a
COBOL program. Efficiency of the retrieval process was disappeinting
initially but was improved to a very satisfactory level with the aid of a
representative from MRI Systems Corporation, the vendor of SYSTEM 2000. The
representative's suggestions involved some relatively simple revisions to the
retrieval approach to avoid unnecessary use of the SYSTEM 2000 "GET" command,
which 1s very powerful but slow in execution. The program now checks before
issuing this command to ensure that the needed information is not already
contained in core storage.

The retrieval process produces a file of 47-byte records, which, in turn,
are sorted by facility number. These sorted records then become input to the
revised projection algorithm so that estimate reports can be produced.

2. Reporting Subsystem (Subtask 1.2)

To develop the reporting subsystem, new estimate table formats were
developed that could present reparts in one or in any combination of the three
basic categories of the NOHS data base: hazard, occupation, and SIC. These
report formats supplement those contained in Volume II[ of the final report on
the previous RTI data analysis contract [1]. The development of these new
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4.4 Review Dr. Breslin‘s Algorithm

4.5 Establish List of Viable Options

4.5 Select, Test, and Implement Viable Qptions

4.7 Evaluate Comparative Run Time and Cost

4.8 Develop concept for New Projection Algorithm

4,9 Implement New Projection Algorithm

4.10 Develop Proof of PRQOJ4 and ALG Oifferences

4.11 Develop a Means for Estimating Variances within the ALG Procedure
4.12 Inventory and Document E£stimation Procedures (PROJ4 and ALG)

Develop Subsystem to Link NOHS and RTECS

5.1 Determine Anticipated Report Requirements
5.2 Evaluate Compatible Code Relationships
5.3 Examine Viable Alternatives

5.4 Test and Impiement Link Subsystem

Figure 2. Project Tasks and Subtasks
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G4/24/79 103163114 BEGIN SYSTEH 2000 - VERSION 2.30

USER, JXCC:
D8N I3 NUHSDEBS:
ASSIGMED, . .NOHSDAS 1 18 03727778 17:0t:12
CONTROL: PRINT DATA AASE SIZE:
NUMSDBS i 18 A3/27/78 17:01:12
PAGES PAGES FAGE
I USE UNUSED SIZE
NOHSDBS1 - 10 47 4060
VOL SER= MOSHO2, EXTENTS=- |
NOHS0RS2 - 1lss 259 4960
VOL SER=- MOSHO02, EXTENTS= 1
HOHSDASY - | 94 12992
VOL SER- MUSHO2, EXTENTS- 1 .
NUHSD8Sd ~ 47s&1 3789 4060
VOL SER= MOSHO2, EXTENTS=.1
NOHSOBSS - 6599 9235 12952
VOL SER=~ 'MO3HQ3, EXTENTS- 3
NOHS08Ss - 11868 219 4960

VOL SER=  MUSHOL, EXTENTS= 7
TOTAL NUMEBER OF CHARACTERS = 1S640338¢0
ACCESS: DESCRIBE: .
SYSTEM RELEASE MUMBER 2,80

CATA BASE NAME 15 NOH3DBS
DEFINITION NUMBER i
DATA BASE CYCLE NUMBER 18

L2 NHSDB (NAME X)
A01l~  SICDATA (RG)
1001+ SICL (INTEGER NUMBER 9999 {1 101)
1¢03* DES! (NON=KEY NAME X(32) IN 101)
201% FACDES (RG)
c221+* FSIC {INTEGER NUMBER 99 IN 201)
2222+« F3IZ (INTEGER NUMBER 9 IN 291)
2223= FGRP (INTEGER NUMBER 9 IM 201)
222* FBL3ISC (INTEGER NUMBER 9(&) IN 201)
223x FAC (INTEGER NUMBER 9(S)} IN 201)
224% FACN (INTEGER NUMBER 9(S) IN 201)
2051» FACSO (MNON-KEY TEXT X(S50) In 201)
2052« FACL02 CMOM=-KEY TEXT X(192) IN 201)
20edr FACDISP {(TEXT X IN 2Q1)
2053~ FAC27 (MON=-KEY TEXT X{(26} [N 201)
2055+ FwGT1 (NUM=KEY DECIMAL NUMBER 9(&),99 IN 201)
205&*x FWiGT2 (NUMN=KEY DECIMAL NUMBER 9(6).,99 IN 201)
2057+ FACBE (NUM=KEY TEXT %(58) IN 201}
30y~ OCCDES (RG)}
3001+ QCC2 (INTEGER NUMBER 9(S) [N 30%)
30Q2» DCES2 {(MUN=XEY MAME %(4%) IN 30%)
401 HAZDATA (RG)
4gol> HAZY (TEXT X(S5) IM 401)
G0G2r  RANKG (TEXT X(S) IN 401)
402+ HFURMS (NON=<KEY TEXT 2(9) IH 4013
4003x DESL (MAME X(1a0) IN 401)
31592 EXPDATA (RG)
3511+ SMA (TEXT XXX IM 350 WITH FEs FUTURE ADDITIONS 3
3Ste EFAC (INTEGER NUMHER 9€¢&) I[N 350 WITH FEW FUTURE -ADDITIONS
)
3522 EUCCRG (RG IH 350)
353> EQCC (IATEGER NUMBER 9(7) IN 352 WITH FEW FUTURE ADDITINNM
5 )
354+« SUFRG (RG IN 352)

(Contfnuéd)

Figure 3. Schema and Tallies of Current
SYSTEM 2000 Data Base
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395%  ESUF (NON=KEY INTEGER WUMBER 99 IN 354)
3Sex REFL (NON=KEY TEXT X(9) IN 354)
3S7%  CNT (NON=KEY INTEGER NUMBER 999 [N 354)
1501+ HAZRG (RG IN 354) .
3502r  LTAG (NON-KEY TEXT x IN 3501)
3503« HAZO (TEXT Xx(S) EN 3501 wITH FEW FUTURE ADDITIONS )
3504%  (CONRG (RG IN 3501)
3505%  CNTLS {(NON-KEY INTEGER NUMBER 99 IN 3504)
3S06% FORM (NON-KEY TEXT x IN 3504)
3507+  INT (NON-KEY TEXT X IN 3504)
3508% DUR (NON=-KEY TEXT x IN 3504)
3509x  [NTL (NON-KEY TEXT XX IN 3504)
3IS10%  FUNC (NON=KEY TEXT X 1IN 3504)
3515 KEYRG (RG IN 35014
3516x  TKY (TEXT x(7) IN 3515 WITH FEW FUTURE ADODITIUNS }
3517+ REF3 (TEXT x(1%) IN 3515}
3520« CMPRG (RG [N 3501)
3521 % HAZC (TEXY %(S) IN 1520 wITH FEW FUTURE ADDITIONS )
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IZEREERSEEEENENSLEREN ]

ELEMENT = FAC

ER AR AR R E AR AR RN R AR
MINTMUM~- ioe
MAXIMUM= 67070

E T L e T L LT Y

6330 UNIQUE VALUES

11498 DCCURRERCES

- - - - -

I E SRS IR AL ERE SRS NNE S

ELEMENT~ FACN

I ESEEERESERERERERNERE YR
MINIMUMe 1
MAX [MUM= 5749
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(AR E RS AR EE RN ENTERER,
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2B EN R SRS EANSEREES SRR
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D e Y e ]

8536 OCCURRENCES

R L e T

IREEERARNENERR RSN EE NS
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MAX [MUM- 07285
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(Continued)

Figure 3. Schema and Tallies of Current
SYSTEM 2000 Data Base (Continued)
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formats was originally to be accomplished by expanding the RPTMAIN concept,
developed and used in producing the previous estimate tables. However, the
RPTMAIN concept was incomplete at contract initiation, and the new formats
were produced, instead, from the creation of the program ALG3, which resulted
from the redesign of the projection algorithm and from the subsequent
development of an "Al1 Information" Report.

Many formats developed for Volume III, including some of those not
incorporated into RPTMAIN, did not seem particularly useful to people making
requests of NIOSH., Furthermore, the ALG3 procedure, which will probably be
much more utilized than the old projection procedure, produces a report
directly rather than writing out a file of estimate records, as did RPTMAIN.
The report from ALG3 shows estimates of plants, exposed people in plants, and
exposures under hazard by either SIC or occupation.

Specific standard deviation estimates, which would be included in report
table formats produced by RPTMAIN, are not feasible under ALG3, but the
information from ALG3 seems to meet most requests. Therefore, a major effort
to develop RPTMAIN further and possibly to 1ink ALG3 and RPTMAIN into a
procedure for producing more versatile reports was not undertaken under the
present contract. For examples of ALG3 reports, see Appendix A.

In the development of report capabilities in the three basic categories
of the NOHS data base, an alternative to the previous report procedure was the
Preliminary Information Retrieval System (PIRS). PIRS was developed as an
interim storage and retrieval system for NIOSH to access the NOHS data base.
Features of PIRS provided a 3-dimensional approach to the NOHS data
base--i.e., by industry, by occupation, or by hazard. A search could be
initiated in any one of the three dimensions and result in a cross tabulation
of the other two dimensions. National estimates or projections were not
available under the PIRS software package. However, certain features of PIRS
that met the goals of the contract effort (particularly the availability of
3-dimensional information) are also features of ALG3, which, in addition,
incorporates efficiently obtained estimates. Specifically, the ALG3 program
helps meet the task goals by allowing estimate tables to be efficiently
obtained within hazard by either SIC or occupation.

Another type of report, developed as a result of a special request by RTI
personnel on another contract, that should help meet comprehensive information
needs similar to those met by PIRS is the "Al1l Information" Report. The "Al]l
Information" Report is designed to give facility, people exposed, and exposure
estimates by hazard within SIC or occupation or both qualifications, as the
user directs, and furthermore gives exposure estimates classified by each
value of form, intensity, duration, condition, and function. The utilization
of the efficient new algorithm to produce such a report makes possible, in a
reasonable time frame, processing a tremendous number of estimates under a
very large number of SIC-occupation-hazard combinations to produce an "All
Information" Report, an example of which may be seen in Appendix B.

B. Task 2: Develop Update Subsystem For NOHS

Task 2 concerned the development of a subsystem to update the NOHS data
base by adding information, including codes for newly discovered potential
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hazards, on primary and secondary trade name products. A trade name product
s a unique product, marketed by a manufacturer under a specific name,
compased of certain identifiable chemical compound components. One of the
components contained in & trade name product may itself be & trade name
product, in which case that component is considered a secondary trade

name product, which, in turn, may have as a compconent another secondary trade
name product. A trade name product that contains complete hierarchies of such
products, or one that has no secondary trade name product, is a primary trade
name product.

A1l the trade name products, primary or seccondary, found in the NOHS data
base are resolved into components through basically the same NIOSH processing,
which has been a tremendous undertaking. As a result of this processing,
additional potential hazards are sometimes identified as trade name
companents, and new codes for these are incorporated into the NOHS data base.
Since the processes (1) of determining that a potential hazard has not been
previously incorporated and (2) of subsequently assigning it a unique code are
largely manual processes, NIOSH implemented clerical and data base update
procedures to perform these functions. However, RTI developed a subsystem
that could be used to update the NOHS data base with components for each
increment of trade name resolution. This subsystem development also included
the revision, into a more useful format, of the "Redbook” summary report,
which s meant to present summary information, by hazard, on the status of the
updated data base.

1.  NIOSH Trade Name Data Processing (Subtask 2.1)

Generating an optimal update subsystem design for the NOHS data base
was dependent upon accessing the status of NIQSH internal processing for trade
name data. This processing is an activity that has been delayed, partially
by the sheer volume of work fnvolved, well beyond original expectations.

In January 1973, a Request for Propcsal was let to procure the product
formulations for those trade name products found in industry during the HOHS.
Approximately 75 percent of the data collected was in the form of a trade name
product, and the ingredients were needed to describe accurately the chemical
or biological exposures to the employees covered by the NOHS. The contractor
proposals to procure the product formulations were evaluated, and the contract
was awarded on June 30, 1973. The project was given the title of Trade: Name
Ingredient Clarification (TNIC).

The TNIC contractor initiated test mailing procedures to receive
information from manufacturers regarding certain of their trade name products.
From these test procedures, many problems were noted with ambiguous trade
names, inadequate responses concerning specific trade name products, and
reluctance of many manufacturers to respond to trade name component reguests.
Also, the impact of secondary trade name products on the amount of processing
invoived was not realized until responses from the first full-scale mailing in
April 1974 were analyzed. Resclution of the processing problems from the test
mailings and the extra effort needed for processing secondary trade name
products required several major contract modifications to allow time and
effort for the TNIC project considerably beyond original estimates. Under the
last major modificaticn, a complete mailing first occurred in July 1975.
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By June 30, 1976, the contractor received responses for 69,600 trade name
products out of a mailing of 92,400 for a response rate of 75 percent. Of the
69,600 responses, 48,800 contained valid chemical information and 20,800
either could not be identified by the manufacturer, were not made by the
manufacturer, contained ambigquous information, or were duplicates of another
product with a similar name. The total number of trade names in the NIOSH
data base was approximately 86,000, and not 92,400, since many duplicates were
discovered. The 86,000 trade name products were the products of 10,500
manufacturers.

The formulations for the 22,800 missing products were developed by RTI,
which was responsible for the statistical evaluation and the industrial
hygiene consistency of the survey data under the previous contract (No.
CDC-99-74-40). The formulations were devised through an extensive literature
search. NIOSH realized that these formulations were not as good as the exact
formula, but they filled a critical gap in the NOHS data. NIOSH is continuing
work to obtain the 22,800 missing formulations so that the 1976 publication of
the NOHS results can be updated. Prior to the next publication of NOHS
results, the NIOSH data base is to be updated with the missing formulations so
that answers to inguiries will be as accurate as possible, This updating
includes the component resolution process for these missing products, as well
as for those products whose initial resolutions contained errors.

The TNIC contractor processed the trade name resolution by manufacturer
and released them to NIOSH in groups as they were completed. The NIOSH
computer processing involved matching the files to the NIOSH raw-data files
and performing various validation processes. These trade name insertion
files, which are basically raw-data file records with trade name keys added,
have not all been completely processed. The unfinished work is primarily due
to staff overloading and questions about the matching process when subsampled
facilities are involved, since such facilities are now represented as single
facilities in the data base files. The update subsystem for NOHS developed
during this contract used a test 73-byte file derived from raw data, with
trade name keys inserted, and a test components file extracted from the April
1976 version for systems development.

2. Selection of Update Design (Subtasks 2.2-2.4)

Within SYSTEM 2000, the Data Base Management System being employed
for the NOHS data base, there were two modular concepts that could be
considered to keep the data base current as new trade name processing is
completed: LOAD and UPDATE. After trial runs and discussions with a
representative from MRI Systems Corporation (the vendor of SYSTEM 2000), it
became clear that the use of UPDATE for the large number of records generally
to be involved was inefficient. In fact, LOAD, the method of creating new
load tapes and incrementally relcading the data base, would be faster.

In the design of the NOHS update system, several requirements were
followed. First, one output file was to be a load file for SYSTEM 2000, and
another was to be an input file for a revised "Redbook" summary report
procedure, The "Redbook" summary report contains, by hazard, occupation code
counts, people estimates, and percentages for exposure source by exposure type
(observed exposure, exposure derived from trade name resolution, or exposure
derived from generic resolution). Second, in accordance with the schema of
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the data base (seen in Figure 3 and based on the hierarchical nature of SYSTEM
2000), each trade name key was to be resolved into components where it is
found. Third, the method of finding components for keys was not to depend on
initial key order in the input file, which was unpredictable, and still was to
be reasonably efficient. Fourth, only the first instance of & trade name key
within an occupation group and hazard was to be resolved into ccmponents.
Fifth, generic recards were to be eliminated within an occupation group hazard
when resolution is successful. And, sixth, the cutput Toad file was to be
capable of being updated for repeated increments of trade name processing
without resolving into keys again those record keys already processed.

Thus, the design option chosen involved taking the previous load file as
input, eliminating generics within an qccupation group hazard (after resolving
into keys each unresolved record key in that group hazard), and incrementally
reloading the SYSTEM 2000 data base. As significant progress is made 1in
resolving trade name components, the process should be repeated.

The complete design of the final version of the update subsystem includes
two runs of the update program and, as parallel steps, the "Redbook" summary
report process and reload process. This design is shown in Fiqure 4.

3. Implementatiaon of NOHS Update Subsystem (Subtasks 2.5 and 2.7)

The first implementation of the NOHS update subsystem utilized a
binary search technigque on an internal table to find components for trade name
Keys when necessary. This idea was very reasonable since only 22 records were
contained in the test components file. Two files were produced as output--a
revised Toad file and a 32-byte file that is used as input to the "Redbook®
summary report procedure. As these files are created, sach new facility is
matched against the facility file by facility number. The Inverse Inclusion
Probability (IIP} factor from the facility file is multiplied by each count
for that facility, and the resulting products can be used directly in forming
estimates for the "Redbook" summary reports. Generic records could be
eliminated within occupation group hazards when components are successfully
found for keys, since the file order is unchanged and the key search
reinitialized in each instance. Also, each trade name key is resolved into
components within an occupation group hazard only aonce. Thus, this approach
was used successfully to gain counts of output records that could be checked
against Tater implementations from the same test Toad file. MNo provision for
updating again was made at that time.

The idea of an internal table for trade name component storage by key was
impractical for the Tlarge component and Toad files anticipated, both because
of core storage limitations and because of time consumed by binary searches
reinitialized many times over a large table. The most straightforward
modification of the table idea was the use of random access on an Indexed
Sequential Access Method (ISAM) trade name components file. This modification
was made, and a version of the program resulted that ran nearly as quickly on
the small files used for testing as had the internal table approach. This
ISAM approach was more appropriate for large files.

The ISAM file concept has been updated by IBM into the idea of Virtual
Storage Access Method (VSAM) files. A VSAM file can have alternate keys in
addition to the primary one. VSAM is also supposedly more efficient than

V-9



Facility Load
File File
\
CUPDATE
e ———
RUN 'U'

JR

\

fTemporany(
File \

S g— —— —-A

CUPDATE
RUN ‘U’

Reload S2K
Data Base

Expands TRN keys that should
be expanded and compute
product of count and [IP

Eliminates generic records
where TRN has been expanded
within group-hazard

New
Data
Base

Figure 4.

"Redbook™
Summary
Procedure

“"Redbook"
Report

7

Design of Update Subsystem

IV-10



ISAM. However, a VSAM file requires more steps to create than an ISAM file:
Whereas an ISAM file can be writfen out directly from a COBCL program, a YSAM
file first requires that a catalog for the file and then the file itself be
defined using the IDCAMS utility. If alternate indexes are used, these should
be built after the file is Toaded. Currently, these functions for creating a
VSAM file must be coordinated through the Parklawn Computing Center (PCC)
Magic Shop, both since the master VSAM catalog is password-protected and since
certain naming conventiagns are being followed. The experience of this project
shows VSAM to be slower in retrieval than ISAM an files containing up to
several thousand records. This comparison held true for retrieval an the
primary key whether or not a VSAM file contained alternate keys. A
contributing factor to the slower retrieval time for VYSAM is that there is
mare cverhead time (opening and closing operations) with YSAM .than there is
with ISAM because of allowances made for additional flexibility in file
structure. The file size at which VSAM actually becomes more efficient than
[SAM cannot be determined from the experience of this project.

The random access of an ISAM file, even so, is not a very fast operation.
Using random access, of course, allowed the keys on the Toad file to be in any
order, and therefore file order did not need to be changed. For a relatively
small number of key accesses, random access time was not a major consideration
and might even be less than extra sorting time. However, a Targe number
0T accesses are made in a typical update run. Preliminary results of updating .
with larger numbers of records and keys involved indicated that Tess than
optimal efficiency was being gained with the ISAM trade name (TRN) components
approach. There are approximately 90,000 distinct keys in the NOHS data
eventually to be resolved, and most input -Toad files to the update procedure
will be very Targe, 100,000 or more records. Thus, the number of random
accesses in a typical update run would be very significant using the ISAM
approacn; therefore, the search for an alternate procedure, while not
mandatory, was certainly a desirable undertaking.

Only one alternate update procedure was tried, and this procedure,
contained in the program CUPDATE, was implemented and accepted as the care of
the update subsystem for NOHS. In this alternate update procedure, the first
step uses a sort af the load file by TRN key. A file of.88-byte records is
released to the sort on its input procedure. These records contain all the
information from the load file, appended by the IIP-count product needed for
the 32-byte file, conditions carried along for insertion in generic and trade
name component 3Z2-byte records, and a tag to indicate which trade name keys
are to be rescolved into components. A tag, ATAG, is also reserved within the
first 73 bytes to shaw in a Tater update that a record key has been resolvecd.
Thus, provision is made for updating the new Toad file without again resclving
the same keys into compaonents. For the update processing to follaow, all
generic records have their record tags changed to "Z." On the output
pracedure of the sort, those records having keys needing resclution are
processed through a simple sequential match, and a temporary file containing
all the recards on the load file plus those formulated using trade name
component information {the “"T" tag records) is produced.

The second step of the update procedure sorts the temporary file by
facility, occupation, occupation group suffix, hazard, XTAG (descending), TRN
key, and record type. This order puts the record into the occupation group
hazard context, which, originally, was the primary input file ordering. This
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sort order also allows & switch to be set if any resolution records exist
within a group hazard. Subseguently, generic records within that group hazard
can be elimirated. From the records that are kept, a new load file is
formulated by truncating the last 15 bytes from the sorted 88-byte record, and
a 32-byte file becomes input to the "Redbook" summary report procedure. For a
system flowchart of the update subsystem, see Figqure 4.

4, Revised "Redbook" Summary Procedure [(Subtask 2.6)

Since the "Redbook" summary report idea was generated by RTI under
the previous data analysis contract (No. CDC-99-74-40) as an aid to NIOSH in
understanding the loaded data base content, the "Redbook" summary report is
included in the update subsystem as an aid in analyzing the updated data base.
External interest was alsc shown in the type of information presented by the
"Redbook" report, and thus a desire was expressed to obtain a more readable
and useful format for the report.

RTI formulated a new "Redbook" summary report procedure, rather than
revising the old one. The current procedure has two steps. The first step,
utilizing the program RBKSUM, sorts the 32-byte file from the update subsystem
by hazard code, occupation code, suffix, and facility. The reports that
result from the procedure have a summary 1ine for each hazard. Thus, for each
hazard-code break occurring in the sorted file, after percentages of exposure
source by tag are calculated, the information accumulated for the previous
hazard is written out on a summary file. The hazard description is moved to
the summary record by a simple sequential match to the ISAM hazard file. Also
the Chemical Abstracts Sequence (CAS) number js obtained when it is available
and is used to find the Registry of Toxic Effects of Chemical Substances
(RTECS) number. For a hazard, occupation, suffix, or facility break, the
product of IIP factor and count, contained on the 32-byte file, is added to
estimated people exposed, and 1 is added to an occupation count for a hazard
or occupation change. For all records returned, the IIP-count product from
the sorted 32-byte file is added to the estimated exposures and exposures by
tag.

The next step straightforwardiy sorts the summary file obtained in the
first step into either hazard code or description order and prints the
information with appropriate headers. For an example of the "Redbook" report
in each order, see Appendix C.

There are many blank spaces for CAS and RTECS numbers because many of the
hazard file records have not yet been updated with CAS numbers. The CAS
number records ("D" records) from the master RTECS file, current as of (ctober
10, 1978, were used to form an ISAM file of short (24-byte) records composed
primarily of CAS number, as primary key, and RTECS number. Thus, when the
hazard record is retrieved to obtain the hazard description and CAS number,
the ISAM file is searched randomly to get the RTECS number when the CAS number
is nonblank. Both CAS and RTECS numbers can then be placed on the summary
file; therefore, the CAS number has to be on the hazard file before either
number will appear on the report.
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C. Task 3: Develop Query Storage and Retrieval Subsystem

So as to catalog and store retrieval queries and responses to avoid
duplicate processing for the same information in the future, a query storage
and retrieval subsystem needed to be developed for the NOHS system.

As a first step in developing this subsystem, RTI examined the files of
responses contained in the estimate tables in Volume III of the final report
on RTI's previous data analysis contract with NIOSH (Contract No.
CDC-99-74-40) [1].

Some estimate files, containing multiple hazard-occupation combinations
in multiple columns, involved so many response records that they were recorded
on tape instead of disk. These tapes were released for reuse, and thus these
files were not generally available. However, many estimate files contained a
reasonably small number of response records and therefore were stored on disk.
These files of responses were mostly existent at contract initiation.

The aueries, however, which primarily were entered as card images
in-stream on estimate table runs, were not permanently stored anywhere and,
nence, were generally unavailable.

As a second step, RTI selected a plan for a query storage and retrieval
subsystem that involved storing the query and its associated response
estimates in the SYSTEM 2000 data base. The query processing phase of the old
NOHS retrieval system would then become the controller between several
alternate paths. The data base would first be searched for the desired query;
if that query were found, the response estimates associated with that query
could be retrieved and written out as a file that becomes input to the report
generator. If the query were not found, the estimate file would be produced
by the retrieval and estimation procedures and added to the data base along
with the query. Thus, the system envisioned by RTI was a dynamic one--one
that would incorporate new queries as they were formulated.

Several variations of the design outlined above were considered. The use
of mass storage (which Parklawn Computing Center [PCC] now strongly encourages
because it has greater storage capacity and is more efficient in access than
is either disk or tape) was considered as an alternative since it allowed the
use of random access. Random access was a feasible method to examine whether
or not an estimate file existed for a query and, as more and more querfes were
run, was certainly the better alternative when compared to sequential search.
However, since sequential access was a reasonable alternative for the
immediate future, tape was again a possibility along with mass storage,

For any design alternative, the first step was the separation of the
guery analysis and processing phases into separate programs so that the
processing phase could become a control on what happens next. Part of the
effort in developing the query storage and retrieval subsystem was to be the
simplification of the query language itself. Bividing the query analysis
phase into a separate program from the processing phase facilitated this
simplification process. The query analysis program produced a file that
directed the operation of the query processing program. As a first step in
the simplification, the analysis program was modified to generate, by default,

the query criteria that are common to most queries.
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The query analysis and processing programs were working together
satisfactorily, but further development of the control subsystem became a
low-priority item for several key reasons. The query control subsystem was
centered around the prior NOHS retrieval system with its own query lanquage
and was oriented toward the production of tables in Volume III of the fineal
regort for RTI's previcus data analysis contract with NIOSK [1]. The query
language's allowance for versatility and its somewhat abstruse structure made
it difficult to use, and some retrieval aspects it was meant to incorporate
turned out to be unimportant after the production of the tables for Volume
III. Since a SYSTEM 2000 data base became available, retrieval has been made
an efficient process, using a simplified query language, with the use of the
Procedural Language Interface feature of SYSTEM 2000 in a COBOL program. The
main factor in pushing the development of a query storage and retrieval
subsystem to a low priority, however, was the concurrent development of the
new projection algorithm. This algorithm was efficient enough that the
difference between calculating an estimate and retrieving estimate informaticon
was not expected to be significant in most cases. Thus, the query controi
subsystem idea was no longer considered to be necessary and, therefore, was
not completed.

D. Task 4: Redesign Projection Algorithm

Because of the expense and length of time associated with it, the old
NOHS projection algorithm program needed to be redesigned and/or redeveloped
so as to project national statistics more efficiently. Twenty-five percent of
the old algorithm's run time (i.e., 25 percent of its run time as defined in
Volume III of the final report for NIOSH Contract No. CDC-99-74-40 [1]) was
set as a minimum goal of improvement.

1. Testing and Implementation of Viable Options (Subtasks 4.1-4.7)

Since the statistical theory behind the old projection algorithm was
sound but had been complicated to develop, the first attempts at increasing
efficiency to twenty~five percent of Volume III run time were simply revisions
of the old algorithm. The most obvious improvement to be made was the
elimination of the many provisions for test displays, which needed to be
extensive during program development because of the many possible paths
through the algorithm. Specifically, each of the previously developed
formats, which were the basis on which the projection algorithm was built,
required different control breaks, and an attempt was made to allow some
flexiblity, in the output produced and displays shown, even within paths. Many
displays were indeed eliminated in a revised version of the projection
algorithm, and some efficiency was gained. Other minor variations, including
optimized compiles, were tried on the old algorithm, but the eficiency gain
attained with these revisions did not approach the project goal.

The next major step was the more essential matter of looking for ways to
reduce the number of times frequently performed routines are executed. In
this step valuable information on the operating logic of the old algorithm was
also provided., Specifically, RTI used a COBOL-provided TRACE routine that
aids the process of analyzing program execution and logic by indicating the
order of statement performance. However, printing out the TRACE results is
only suitable for small programs and operations because of the potential
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volume of print-out it produces. Hence, a more appropriate technique was to
employ the COBOL TRACE routine and capture the TRACE output on either tape or
disk for additional analysis. Captured TRACE output was sorted and summarized
by peragraph name to produce & freguency count of dynamic program cperation.
Figure 5 provides an example of a BASE run using this technique and shows
freguency counts for several routines from the old projection algorithm.

Table II presents viable aptions in the projection algorithm based on
collapsing the number of attributes for each of the basic classification
variables: size, SIC, BLS average misclassification {ratio of Bureau of
Labor Statistics [BLS] SIC-size within observed SIC-size), and groups. The
top row in Table II, Base, shows classification attributes for the old
projection algorithm. The "CONTROL BREAKS" column is derived as the product
of the contributing factors Tisted in the "SIZE," "SIC," "BLS" (misclassifi-
cation ratio), and "GROUP" columns.

The options illustrated in Table II are concerned primarily with
collapsing size and SIC to more general values. As size and SIC are
collapsed, the number of control breaks is reduced, and thus efficiency is
potentially gained by reducing the frequency with which many old algorithm
routines need to be performed. Thus, while Option 7 does not represent a lass
in data element definition any greater than that presented in published NOHS
data, it, of all the options, represents the greatest reduction in control
breaks and, hence, the greatest gain in efficiency.

Several of the projection options identified in Table II were tested
with special versions of the facility file so as to determine their efficiency
and accuracy. The results of these tests are recorded in Appendix D. From
these tests, data were collected for the Base (old projection algorithm) and
for Options 1, 6, and 7. Testing of intermediate Options 2, 3, 4, and 5 was
deferred and was not expected to provide sufficient additional information
beyond the trends presented in Appendix D. Option 7 indicated an improvement
in running time of approximately 50 percent. However, this improvement did
not meet the project goal of attaining 25 percent of the old algorithm's run
time, and all the other options, which involved more control breaks than
Option 7, would be expected to produce even less improvement. Hence, there
was a need to identify other options in order to attain greater efficiency
from the projection algorithm.

In the search for further improvements to the old projection algorithm,
the goal was to do as much one-time or advance preprocessing as possible.
This would reduce to an absolute minimum the amount of repetitious processing
and, thus, would reduce the processing to a single caomputer program statement
to be incorporated as part of the combined retrieval repart printing
operatiaon. In order to reduce processing to a single computer program
statement, a factor, unique to each facility, that can be applied to produce
estimates for the entire data base was ultimately found. However, a
caonsistent factor aver the entire data base to produce estimates was not
feasible in terms of the statistical framework. Another possible approach was
to employ a factor that was unique to each 2-digit SIC. This factor could
then be adjusted by size within SIC to allow recognition of the omission of
targe facilities. Furthermore, another adjustment could be applied to each
facility to reflect influence of facility nonresponse. It was the search for
these simple projection factors that led to the new projection algorithm.
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BEGIN-FREG-ANALYSIS-0F -PGM-JPERATION
1l =

.
«xBEGIN=IN=-PROC xx 1
«#3EGIN-OUT=PROC x 1
«»END- [N-PROC v 1
ACCUM-YAR -NUM-LRG 5
ACCUM-VAR-NUM-LRG-END 6
ACCUM-VAR -NUMS 186
ACCUM-YAR=NUMS=END 242
ADD-GRPS 426
ADD-GRPS-END 571
ADD-GRPS-TS 674
ADD-GRPS-TS-END 748
ADD-GRPS-6 1
ADD~GRPS~6-END 2
ADD-GRPS-7 2
ADD~-GRPS-7-END 2
ADD-LARGE-FACS 23
ADD-LEVEL2G 2
ADD-LEVELZG-END , 2
ADD-N 452
ADD-N-END 2,089
ADD-NEXT-TS 118
ADD-NEXT-TS=END 192
ADD-NI 533
ADD-QUAN 43
ADD-QUAN-END 55
ADD-QUAN-2 1,158
ADD-QUANX 1,248
ADD-QUANX~END 316
ADD-REC 127
ADD-REC-END 111
ADD-REC-3 248
ADD-REC-4 147
ADD-REC-7 14
AGAIN-STORE 1,954
BC-CHANGED 2
CALC-NEXT -FACS 1
CALC-NEXT-FACS-END 26
CALC-0UT 25
CALC-0UT-END 12
CHECK-SICS ' 17
CHK-BC 106
CHK-BC-END 701
CHK-BC-2 647
CHK-EST 962
CHK-EST-END . 2,384
COL-CNT-SET 26
CONT=IN-PROC 179
FIND-VAR-DIFFS 186
FIND-VAR-DIFFS-END 242
FIND-VAR-CIFFS6 2
F IND-YAR-DIFFSB-END 2
FIND-VAR-DIFFS7 2
FIND-VAR-DIFFS7-END 3
FORM-CNIRL-KEYS 542
FORM-CNTRL-KEYS-END 18
GRAND-TOTAL 1
GRAND-TOTAL 1
GRAND-TOTALX-END 64

IMPUTE-DONE

Figure 5. Partial TRACE County for Base Run
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TABLE II.

PROJECTION ALGORITHM OPTIONS AND FACTORS

OPTION

Base

1

Counts by Category

SIZE

7

4

SIC BLS GRQOUP
65 3 6
65 3 6
65 3 3
30 3 6
65 1 6
30 1 6
30 2 3
30 1 3

CONTROL

BREAKS

8,190
4,680 .
4,095
3,780
2,730
720
720
360
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2. Concept for New Projection Algorithm (Subtask 4.8)

7 The old projection algorithm involved the use of imputation
procedures to compensate for facility nonresponse and, therefore, did not
employ projection factors that were unique to each facility and that were
applicable for all estimates. The old projection algorithm did employ a
product of two Inverse Inclusion Probability (IIP) multipliers for each
facility that was later inflated in an attempt to find such projection
factors. The new projecticn algorithm, on the other hand, gained efficiency
by further inflating the IIP product and thus formulated a projection factor
that was both unique for each facility and appropriate for all estimates.

So as to explain the computational efficiencies incorporated into the new
algorithm, a brief description of the old estimation procedure is required.

a. Estimation Procedure

Recall that the NCHS sample design is basically a 2-stage
design, with stratification imposed at each stage. First stage units are
Standard Metropolitan Statistical Areas that were clustered in arbitrary
groups; second stage units are systematically defined clusters of facilities
that were selected on the basis of SIC and size. Nonprobability subsamples of
large facilities were selected during the data coljecticn period. The
estimation procedure adopted involved treating the large facilities that were
not surveyed as nonresponding facilities, since these facilities were not
omitted on the basis of a purposefully selected subsample.

The estimation procedure involves, first, the multiplication of
observation variables-at the facility level by the first and second stage
inverse inclusion probabilities. The resulting quotients are then summed over
three dimensions of stratification (called groups, sizes, and SIC codes in
garlier documentation). Within a stratification category of group, size, and
SIC, nonresponse adjustments consisted of substituting the average value of
respondents in place of missing values. If the size by SIC cell itself was
missing, group-level averages were substituted. Reporting domains were
defined in terms of observed size and SIC classifications, which may be
different from the stratum classification. OQOther reporting domains, such as
those defined by a particular hazard, are defined over the observed size by
SIC classifications.

Notationally, it is convenient to denote the three dimensions of
stratification by a single subscript,

=1, 2, ..., L,

where L is the total number of stratum cells in the design (i.e., the number
of cells formed by classifying facilities by group and by size and SIC
categories within groups). A unit (i.e., facility) in the sample is denoted
by u. Associated with the uth unit is the value of some observation
variable, denoted by Y,. If there is no nonresponse, an estimated total is
given by the expression

- L

T= ) ) WYy,

=1 uel
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where,
uet fmplies the unit belongs to the 2th stratum cell,

W, 1s the inverse of the product of the first and second stage
inclusions probabilities, and

Iy =1 if the unit belongs to the reporting domain of interast
(dencted by ueD), or I, = 0 otherwise.

Denote units that are members of the respondent set by
ueR,
and denote units that are members of the nonrespondent set by
ueRC ,

The summation over units within a stratum cell is, in fact, over the set
of responding units. The number of units be]onQTng to the respondent set and
the 2th stratum cell is denoted by

n{ueRM2} .
The-Value substituted for the missing units is the average,

Ye=1 (YIg)/nlusrNa} .
ueRM L

This is the sum of the observation variables for responding units in the cell
which are members of the reporting domain, divided by the total number of
responding units in the cell. Note that the average reporting domain size in
the cell is accounted for in the calculation above.

If
n{ueRN ¢} = 0,

the adjustment is made by computing the average for the size by SIC cell over
all groups. Being given the actual whole unit nonresponse patterns
experienced, it is not necessary to collapse stratum cells further. That is,
collapsing the group dimension always results in at least one responding
facility for each size by SIC cell. The representation

ueRM2

will continue to be used whether or not the group dimension has been
co11apsed in £.

y-19



The estimate of a total then becomes,

2=1 ) ueRM2 yeRCM 2 ueRMeL

-~ L

T=1] [ ) WeYoly + 1 Wy ) (YUIU)/n{ueRF\R}] . (1)
Writing products of the form Y,I, in this expression is simply a matter of
notational convenience. In actual fact, the determination

ueD  versus  ugD

is made for each facility, and the summations include only the former. That
is,

Z WaYuly = Z WeYy
weRML ueRMLND

b.  Computational Efficiencies

The computational efficiencies used in the modified algorithm
are based on precomputing selected values required by the estimation
procedure, storing the precomputed values on each facility record, and then
computing a total as a simple sum of products. In addition, use is made of
the fact that only whole unit nonresponse occurs in the NOHS data set. That
is, individual data elements within a facility are never missing; rather,
nonresponse always invoives a whole facility. With this knowledge, a single
multiplier can be computed that incorporates the inclusion probabilities and
the nonresponse adjustment. In statistical terms, weighting class adjustments
are computed. These adjustments were based on size by SIC classifications
within groups, where possible, or they were computed across groups if no
facility within a size by SIC classification was a respondent.

As a first step, the values, W,, are computed for all units (facilities)
in the sample. The original algorithm actually employed the separate first
and second stage "weights.™

Next consider the following equation:

) [wu ) Wu/n{ust\ﬁ}} Yoly

UeRM & ueRCM ¢
=) WeYuly + 1 Wy 2 Yoly/n{ueRNe}
ueRMy ueRCM ¢ ueRM4L

Note that the expression on the right hand side of the equal sign is in fact
the value in the brackets in Equation (1). Since only whole unit nonresponse
is considered, the values

My =Wy + L MWy/n{ueRNaz} (2)
ueRtM 2

can be precomputed and stored for each

ueRM2L .
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The estimate of total is then written,

i

—

) MoYuly
1 usRMe

[ e}

L |
) MaVu - (3)
2=1 usRM LMD

i}

The computational efficiencies result from using Equation (3) in place of
Equaticn (1) or, rather, in place of an equation like (1), except that the
values Wy are actually products of two parts. The expresions are, however,
algebraically equivalent and should not differ except for differences in the
numerical accuracies of the two procedures.

3. Implementation of New Projection Algorithm (Subtask 4.9)

As noted in Section 0.1, above, none of the revisions of the old
projection algorithm offered a sufficient increase in efficiency. Therefore,
development of a different approach utilizing the facility factor idea was
pursued. '

The product of the inverse inclusion probability (IIP) factors at the
first and second stages of the NOHS sample design for each facility was placed
on the facility file as the first preprocessing step for the old algorithm.
Later, & second factor was formed by increasing this product to compensate for
the unsurveyed facilities in each BLS stratification category of group, SIC,
and size according to the formula described in Equation (2) of the previous
subsection. Such categories were understood to be in the context of observed
SIC by size cell, where such cell estimates were then added together as
necessary to produce the estimate tables for RTI's previous data analysis
contract. The restrictions on each domain of interest in the previous
section, thus, can also be understood to include being within a given observed
cell, : -

The next logical approach, then, was the use of the inflated IIP factor
already on the facility file, multiplied by the BLS size-l adjustment when
necessary, as a simple projection factor. The sum of inflated [IP factors as
& projection of plants and the sum of inflated [IP factors multiplied by
payroll count as a projection of people yielded estimates very close to those
in Table 1 of Volume III [1], where the factors are adjusted for BLS size-1.
A facility file was formed in facility number order with the BLS size-1
adjustments already made. A straightforward program, ALG, was developed to
utilize the inflated [IP factor concept. The revised facility file is matched
to the sorted exposure records from the retrieval process to cbtain the
product of the count from each exposure record and the inflated IIP factor of
the matching facility. This product is added to the exposure records, which
are tnen sorted by SIC or occupation code so that the products can be summed
to produce the desired report..

Amang the options for developing viable projection alternatives, the ALG
procedure could be caonsidered as Option 8, considerably simpler than the other
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seven (discussed in subsaction D.1, above). Option 8 was developed in an
attempt to identify a bottom Tine, or a lcwest cost approach, to projections
that meintain the statistical integrity of the old projection algoerithm. The
total time and prcjections of total plants and people in plants are
i1lustrated in Appendix D.

The computer programs used to implement the old projection algorithm were
studied in considerable depth. Several exploratory computer runs were made to
detect the impact of redundant or repetitive calculations on run time.
Repeated execution of calculation routines with the same data should produce
identical results. The approach taken in Option 8 was to accomplish the
critical calculation one time and store the results for later use without
employing unnecessary repetition.

The ALG computer program was used to calculate projections for asbestos
exposure by SIC. The results were compared to a previously published table;
these comparisons are shown in Appendix D. Comparisons indicate a mean
difference of approximately 1 percent. RTI also produced a universe
projection of total plants and total employees in plants and compared the
results to a previously published table; the comparative results are
illustrated in Appendix D and are within acceptable Timits of about 1 percent
in most cases. The ALG program and associated JCL were made available to the
NIOSH staff for preliminary use.

The cost reduction in computer run time and cost in using ALG exceeded
the project specifications by a considerable margin. The first live run of
ALG was made in conjunction with a request for NOHS data regarding
occupational distribution of asbestos. From the retrieval on asbestos about
two hundred occupaticns were determined to be involved. The old projection
algorithm method would have required approximately 45 seconds of computer CPU
time for each occupation, or about 9,000 total seconds. The ALG program
produced estimates for all occupations in about 5 seconds. NIOSH personnel
selected about 20 of the occupations for projection runs in order to conserve
time and cost. The projected estimates from the two methods were compared and
found to be within acceptable limits, although more improvement was to come.

The development of the ALG program approach to the calculation of
projected estimates from the NOHS data base was an evolutionary process in
attempting to capitalize cn prior experience with the projection algorithm.

A more comprehensive version, NEWALG, was developed in response to an urgent
need for processing multiple hazard code special requests. NEWALG included
the capability of accepting any number of hazard code 47-byte exposure record
sets and producing a series of reports.

The totals obtained for estimated people and plants in the universe
needed further verification because the differences, though very acceptable,
were significant., The original IIP factor on the facility file were not
increased when a group cell within SIC-size had no respondents, causing
consistent underestimation for certain SICs. A group-level imputation should
have been reflected in the facility file by increasing the inflated IIP factor
across the group by the average uninflated IIP factor for the respondents when
that situation occurred. The old algorithm compensated instead for group
cells with all nonrespondents by averaging the summed quantity over
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respondents within the other groups for that SIC-size and by multiplying that
average by the [IP sum aver the cell. The facility file that was formed with
the BLS size-1 adjustments was updated to reflect this compensation, and the
revised file was sorted into facility number order. National universe results
were obtained using both the old and new projection algorithms for the three
size Tevels for each l-digit SIC. A revised version of NEWALG, ALG3, was
created adding new runs to aid with this process. The differences were Telt
to be insignificant and due to round-off in the newly calculated IIP factors.
The continuation of the verification process, however, revealed that an errcor
was involved in the adjustment procedure for missing group cells within
SIC-size. The resuits of the old and new algaorithm, including the differences
before the error was found, are shown in Appendix D. Corresponding results
after facility file processing was caorrected are also shown in Appendix D.
NIOSH personnel were kept aware of all the improvements in the new aldorithm
as they evolved. -

4, Verification of New Projection Algorithm {Subtask 4.10)

ATthough the new projection algorithm could be theoretically
justified in terms of the old projection algorithm, the verification of
equivalence by comparison and manual methods was felt to be absolutely
necessary. (For a comprehensive explanation of the original algorithm, see
Appendix E.) The estimates of total plants and total employees in plants in
the national universe was chosen as the basis of comparison between the old
and new algorithm for several reasons. These estimates have no special
quaiifications on them in terms of facility file information. Thus, these
national universe estimates are the most straightforward ones to compute and
do not require the use of any query statements, allowing ALG3 to remain a
stand-alone program without adding new capabilities. Also, the all-
inclusiveness of these estimates, which can nevertheless be computed
relatively cheaply, should have exaggerated any erraor in the prccedure.

County Business Patterns information from the Bureau of the Census was used to
verify the national universe results and thus could provide another validation
source for such estimates from either algorithm.

A program was developed to display the facility file information used for
naticnal universe estimates for a particular SIC. This program was utilized
for SIC 21 to allow manual verification of the thecry behind the new
algorithm. SIC 21 was selected because the number of records in it was
relfatively small and the difference between the old and new algorithm results
appeared to be significant. In carrying out the manual verification, which is
shown in Appendix D, RTI found an error in the implementation of IIP factor
modification for the new algorithm as then formulated. The two IIP factors on
the facility file needed to be checked for equality before adjustment factors
were applied for BLS size-1 or before reimputing was performed across B8LS
SIC-size. If the factors are unequal, no further compensation needs to be
made for that facility since its second IIP factor, the one used for
estimation, already includes an imputation increment that is spread across
records within the group cell. Thus, the second factor should not be added
for redistribution across SiC-size in that case. A change to cCorrect this
error in implementation of the new algorithm was made, and the resultant run
gave essentially the results found with the old algoritnm, as also seen in
Appendix D.
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In making runs requested of it, NIOSH discovered problems in ALG3,
though none related essentially to the new projection algorithm itself. Among
these problems were differances in estimated plants and people for the same
hazard according to whether a report was generated by SIC or occupation, and
a similar problem was found on change of hazard. For each descrepancy, a
further control break was needed under a particular run-switch. Also, the
same hazard name was printed for two different hazard codes, corresponding to
two distinct rank codes. However, a check of the hazard files for duplicate
names showed the new algorithm to be operating properly. This conclusion was
reported to NIOSH, and indications were made that the process cf dealing with
such duplicate names was continuing.

5. Development of Efficient Variance Estimation {Subtask 4.11}

The variance estimation under the old algorithm was soundly based on
the original statistical framework of group within BLS SIC-size within
observed SIC-size. (For a complete descripticon of the variance estimator
derived for the NOMS data base utilizing the old algorithm, see Appendix E.)
This operation was slow, although straightforward, to perform because the
calculation was performed for each report column of a previous estimate table
across group within BLS SIC-size within observed SIC-size. Furthermore, for
the exposure estimate tables, the operations were repeated across all cells
within every major control break, such as change of hazard or occupation. The
time required was even greater for computing the variance of a ratio estimate
because more calculations were involved for covariance at each BLS SIC-size
level and for variance calculation at each higher cell level. Also, in order
to impute over SIC-size cells for groups containing all nonrespondents, the
processing for all estimates was performed in these stages under the old
algorithm.

With the new algorithm, a very efficient method of computing estimates
has been found. The adaption of the variance estimator from the old to the
new algorithm in a manner that would not require the addition of many
intermediate calculations to the procedure did not seem feasible. Nor did
there seem to be any alternative variance estimator that would fit the
original statistical framework and still not significantly affect program
efficiency.

Yet there was felt to be a significant need for a statistical measure of
estimate reliability. Thus, as an option, the ALG3 program was amended to
supply a set of tables at the front of an estimate report that give various
exampie estimates of people in plants and estimates of plants matched to
standard deviations. There are large differences in the standard deviations
for people estimates when large plants contribute more than one-third of the
estimate. This difference is probably due to a large estimate from relatively
few observations in that case. The program indicates which deviation to use
for relevant estimates, and an explanation of the proper use of the tables is
included with them. Particularly important is the fact that the standard
deviation tables were derived from what seems to be the average of previous
estimate experiences and are by no means exact. The inexactness is such that
even interpolation for points between example estimates is numerically
unsound. These standard deviation tables, nevertheless, do provide an
extremely crude index of reliability without significantly decreasing program
efficiency. The tables and the explanation included with them can be found in

Appendix F.
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E. 'Task 5: Develop Subsystem to Link NOHS and RTECS

Formerly known as the Toxic Substances List, the Registry of Toxic
Effects of Chemical Substances (RTECS) is a collection of published literature
and quantitative data on toxic effects with assigned Chemical Abstracts
Sequence (CAS) numbers. The NOHS data base is a collection of data indicating
the relationship of occupations, industries, and hazards.

Frequently, the operation of one data base can be enhanced by appropriate
accessibility and availability of another data base. The independent
operation of the NOHS and RTECS data bases was restricted to the information
contained in each system. Accessibility of cone system to tiie other, developed
by RTI under Task 5, provides a wider scope or range of avai]ab1e infarmation.

1. Compatible Code Re1at10nsh1ps Between NOHS and RTECS (Subtasks 5.1

and 5.2)

Access to the NOSH and RTECS data bases implies more than
administrative appraval to retrieve information from either; it includes a
necessary linking or cross-reterence method. Chemical substances are
identified by CAS numbers in the RTECS data base, and chemical hazards are
identified by hazard codes in the NOHS data base. The need for an appropriate
cross-reference table of hazard codes and CAS numbers was earlier anticipated
by NIOSH and is nearing completion under a separate contract. The entry of
CAS numbers by hazard code into the NOHS data base facilitates development of
appropriate Tinkage systems to provide the desired accessibility of one data’
base to the other.

The Tinkage of the NOHS and RTECS data bases enlarged the potentials of
both data bases so that each becomes a Togical extension of the other.
Ideally, a suitable Tinkage system should incorporate bi-directional features.
Thus, a search or retrieval in one data base could invoke a secondary
retrieval from the other data base. For example, & search in the NOHS data
base on occupation or industry could establish a 1ist of hazards (with CAS
numbers). The Tist of hazard codes and CAS numbers could then be used to
retrieve toxic effect information from RTECS. . Another example might be a
search of RTECS that produces a subfile of CAS numbers. The Tlist of CAS
numbers could De processed to initiate a NOHS search to indicate the
occupational and industrial distribution for the associated chemical
substances.

Final implementation of the NOHS-RTECS retrieval link system was
dependent on the gquality and delivery date of the hazard file (with CAS
numbers applied to the hazard file) and had to be tested without benefit of
complete files. CAS numbers may not be available for certain generic type
hazard codes and may require further special treatment not current1y

considered.

The code relationships that were found to exist, then, are trilateral,
with Tinkages among hazard code, CAS number, and RTECS ascension number. From
use of the RTECS ascension number, the toxicity information from the RTECS
master file becomes available, and the CAS number is duplicated both on the
CAS file and on the RTECS file. The hazard file, in turn, contains both the
CAS number and RTECS ascension number, '
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2. Implementation of Link Subsystem {(Subtasks 5.3 and 5.4)

One preliminary tentative approach to a system to link NOHKS and
RTECS involved two computer program modules. These modules revolved around
the use of the Data Base Management System MARK IV, but the utilization of
MARK IV was felt not to offer any significant advantages over program
development without the use of a common Data Base Management System (DBMS).

Virtual Storage Access Method (VSAM) was then tested extensively during
the development of a 1ink subsystem as well as during other project tasks.
VSAM is purported to be much more efficient than Indexed Sequential Access
Method (ISAM) and does offer the availability of alternative keys. However,
the experience of this project does not show VSAM to be as efficient as ISAM
for small files, probably because greater coverhead time--extra time before and
after actual access--is involved with VSAM. No guidelines for the approximate
file size at which VSAM is more efficient than ISAM could be established from
the project testing. The logic used for VSAM, then, became the logic adapted
tc ISAM and formed the basis of the Tink subsystem actually implemented,

The NOHS-RTECS Information System (NORIS) was designed and implemented
with the test data files that became available in April 1978. NORIS was
designed to allow information expansion, utilizing ISAM files, from the NOHS
hazard file to CAS and RTECS files. Access to the additional files provides
information regarding the chemical and toxicity characteristics of a given
hazard code,

NORIS consists of three data base segments. The first, or entry, segment
is a NOKS hazard file with added fields for CAS and RTECS numbers. The second
segment is a copy of the CAS file with a blind suffix number added to the CAS
number to create unigque CAS Indexed Keys. The third segment is an unmodified
copy of a selected portion of the RTECS file.

A preliminary version of NORIS was programmed and data was loaded into
the three data base segments. Sample computer test runs were made and printed
at both the RTI and Cincinnati NIOSH terminals for demonstration purposes.

The Job Control Language (JCL) and instructions for the use of NORIS were also
made available. The use of NORIS is recommended in order tc determine the
applicability of the extended toxicity information to the NOHS data.

The NORIS computer programs and data base segments were located on
private mass storage at the Parklawn Computing Center (PCC). Response time to
NORIS information requests is in the order of minutes and can be submitted in
the most rapid processing operational job class (i.e., class = E, Time = 5.
seconds). Access to a Time Sharing Option (7SO} type terminal facilitates
response time and bypasses contention encountered with a batch type terminal.
However, NORIS is operational under either type of terminal and selection is
reduced to personal preference.

Information retrieval is achieved by submitting a single hazard code to
NORIS. A random access is performed on the hazard segment to retrieve the
modified hazard record with the hazard name or description assigned by NIOSH.
If the hazard retrieval receives a nonblank CAS number, a retrieval is
attempted to the CAS segment. The CAS segment retrieval will provide
information regarding other hazard codes considered as duplicates by Chemical
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Abstracts Services and list all synonyms. The special COBOL verb START is
used tao position the file pointer by a partial key of the CAS number itself,
and the file can then be read seguentiaily until this number changes.

A nanblank RTECS number on the hazard segment retrieval will attempt
retrieval from the RTECS data base segment. A successful RTECS retrieval will
print all of the data currently stored for the specified RTECS number.

The segmented approach to the NORIS design was selected in arder to
acheive a cost effective functicnal operation. The relative cost of data base
maintenance {data base Toading and updating) needs to be balanced to the
anticipated refrieval cost. Ccmbination of data from the three scurces into a
single hierachical data base possibly would reduce the retrieval cost siightly
but would increase the loading and update cost cansiderably.

The dynamic nature of the RTECS data results in the RTECS master file
being updated on a periodic basis. The RTECS update procedure produces a new
RTECS file for distribution purposes. Therefore, the NORIS update of the
RTECS segment is reduced to a simple file replacement operation without the
added cost of a randomized update procedure.
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V. DISCUSSION OF FINDINGS

The NOHS data provide potentially valuable information regarding the
distribution of possibly hazardous exposures to employees across industrial
and cccupational categories. This information, of course, must be understood
in its proper statistical context. The companies selected for inclusion in
the data base were picked from those in each industry with eight or mare
employees, and the first stage of the sampling framewark restricts those
selected to certain metropolitan areas. Hence, the survey results can only be
used as the basis of national estimates appiying to companies of eight or more
employees in metropolitan areas as of 1972. The restriction on date must be
made because no updating of the original NOHS survey data has occurred through
comparative analysis by other surveys and through appropriate
industry-specific surveys as originally contemplated. This process has not
implemented, partially because NIOSH still is anticipating having a new NOHS
undertaken with more efficiency. and with much more careful planning and
control from a statistical point of view. Such a survey would probably have a
stronger update plan included from the beginning also.

There is an unknown amount of bias in the present NOHS results due to the
selecting of the sample from 1970 data. This planning was without regard to
the fact that some companies might have gone out of business or been relocated
between 1970 and 1972. Compensating for the fact that a sample cut was made
of Targe facilities in a nonrandom manner also created statistical
difficulties.

Despite these restrictions, useful information from NOHS is obtainable,
and, during RTI’'s two data analysis contracts, the NOHS data have been edited,
summarized many different ways, and used to produce estimates. Many of these
estimates were collected into tables in Volume III of the final report for the
previous RTI contract (No. CDC-99-74-40) [1], and retrieval capabilities have
been made abundant, even more so now that the NOHS data base is maintained
under SYSTEM 2000. The development of a very efficient projection algorithm
and the subsequent development of a more useful "Redbook" summary and the “All
Information" Report are probably the major accomplishments of the present
contract, particularly in view of the fact that the NOHS survey, from a
statistical point of view, was not especially well implemented. The Tinkage
of NOHS and RTECS, as far as it has been pursued, offers a promise of giving
comprehensive toxicity and exposure distribution information. The c¢reation of
a dynamic, reasonably efficient update subsystem to reflect continued progress
in trade name resolution within the data base structure was a viteal
accomplishment., SYSTEM 2000 seems to be proving quite satisfactory in loading
and retrieval processes. Thus, overall, the NOHS system offers a very
effective utilization of the data base information, and the system is
essentially complete, except for such ongoing processes as trade name
resolution.

There are some improvements to the NOHS system that could be considered
to increase its usefulness. First, the idea of a comprehensive query
language, perhaps coupled with a query control subsystem of some sort, still
has merit. The query language developed during the previous RTI data analysis
contract offered comprehensive request capabilities, but many users found its
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algebraic quality abstruse. Furthermore, it was criented toward facility file
criteria and was never clearly explained. Therefore, that query language,
designed primarily to meet the needs of estimate reguests for the previous
data analysis contract, was difficult to use and was never heavily utilized by
NIOSH personnel. A more limited language was substituted instead. A
powerful, easily usable query language could be a very worthwhile tocl to
develep and couple with efficient retrieval techniques utilizing SYSTEM 2000.

A second area of improvement would be the further development of RPTMAIN
after coupling it with the new projection algorithm. Any formats previously
developed and not presently incorporated might be brought into the concept if
they are particularly useful. At cne time, the use of two basic formats, one
having three values for each estimate and the other having eight values for
two estimates where the ratio between the two estimates is needed, was
contemplated. In the former case, the three values would be the estimate, a
very approximate standard deviation, and record count (n). The second format
would contain this information for both numerator and denominator and also the
ratio and approximate standard deviation. There might still be a possibility
that such reports could be a useful develcpment, particularly with completely
flexible entry points on hazard, occupation, or industry. The reports
developed during this contract, however, met most NIOSH needs, and thus these
ideas were not further implemented.

Third, the NOHS-RTECS linkage could have more potential if it were
developed to become wholly bilateral. Currently, a matched version of the
NOHS hazard file is used to access RTECS data, including the CAS synonyms,
through the CAS and RTECS ascension numbers, Accessing a matched NOHS hazard
file through CAS or RTECS ascension numbers would allow additional flexibility
and could lead to interesting analysis possibilities if the NOHS exposure data
were, in turn, utilized. Such a comprehensive NOHS-RTECS 1ink subsytem might
well be considered for further study, although the existing 1ink subsystem was
felt to be satisfactory for the present.
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VI. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

The NOHS system offers a fairly complete, efficient analysis methad faor
update, retrieval, summarization, and estimation operations on an edited,
congruent data base. This data base aoffers a valuable scurce of informaticn
regarding the 1972 distribution of potentially hazardous employee exposures
across industrial and occupational categories in metropolitan areas throughout
the United States. Some general Tmprovements for the current NOHS system are
recommended below.

B. Recommendations

First, an expanded query logic would enhance the value of the data base,
particularly for research purposes. Therefare, RTI recommends that effart be
expended in developing and implementing a query processing subsystem that
extends the present retrieval capability.

- Second, the new ALG program would be better suited to the expanded guery
Togic if it were linked to RPTMAIN and the "All Information" Repart
capability. RTI recommends that this expanded report capability be
accomplished concurrent with the expanded query capability.

Third, a biiateral linkage bhetween RTECS and NOHS would fncrease the
effectiveness of both data bases; therefore, RTI recommends that the necessary
changes be made in the existing linkage system to achieve this capability.
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APPENDIX A

EXAMPLES CF ALG3 REPORTS

APPENDIX A contains an ALG3 estimate report in each of the two possible
report orders--SIC code and occupation code. These reports are given within
hazard, where more than one hazard may be involved. For the examples given,
only one hazard is involved--code 20560, which represents “dimeythl formamide,
N, N-." In addition to each SIC or occupation code and description, the
reports display estimated plants, people exposed in plants, and exposures,
aleng with grand totals.
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13
23
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28
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30
32
3y
35
36
34
19
T3
ap

TOTAL

CXAMPLE ALGY REPORY IN INDUSTRY CODE ORDER

HAZ DESCRIPTINN

20560 DIMETHYL FURHAMIDE,

DESCRIPTION

DIL AND GAS EXTRACTION

APPAREL AND DTHER TEXTILE PRODUCTS
PARER AND ALLILD PrODUCYS
CHEMICALS AND ALLIED PRODUCTS
PETROLEUM AND COAL PRODUCTS

RUBBER AND PLASTICS PRODUCTS, NEC
STONE, LCLAY, AND GLASS PRODUCTS
FABRICATED METAL PRODUCTS
MACHINERY, EXCEPT ELECTYRICAL
ELECTRICAL EQUIPMENT AND SUPPLIES
INSTHUMENTS AND RELATEQ PRODUCTS
MISCELLANEOUS MANUFACTURING INDUSTRIES
MISCELLANEOUS BUSINESS SERVICES
MEDICAL AND OTHER HEALTH SERVICES

HyN=

ESTIHATED
PLANTS

30
10
4]
276
14
19
10
10
59
24
43
11
10
2]

ady

04/24/79

ESTIMATED
PEOPLE

LY
61
170

23,1356
uz
1,680

10
610
562

1o821
160

22
127
156

29,035

ESTIMATED
EXPUOSURES

o
122
475

30,279
12b
2269
60
t,220
{2,000
2:653
343
0y
147
156

19,035
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EXAMPLE ALGY REPORT IN QCCUPATION CODE ORDER 0a/10/79

HAZ DLSCRIPIION
20960 DIMETIIYL FORHMANMEDE, H,H-
ueer ESTIMATED ESTIMATED FSTIMATED
CODE  DLSCRIPTION PLANTS PEOPLE EXPOSURES
013 IMDUSTRIAL ENGIMEERS 10 32 39
023 ENGINELRS, M.L.C, 1e 39 39
015 CHEMISTS LT3} 2,500 5,26%
055 UPEHATIONS ALID SYSTEMS NESEAHCHERS AND ANALYS 26 20 en
080 CLIN{CAL LABURATURY TECHNOLUGISTS AND TECHNIC 33 753 7167
150 AGRICULTURE AND DI0LOGICAL TEEMNICANS, EXCEPT 55 15,477 15,4711
1591 CHLMICAL TECHMICANS 23s 1,983 y,2a}3
153 ELECTRICAL AHD ELECTRON]IC ENGINEERING TECHNIC 13 a7 9%
162 ENGINECRING AMD SCIENCE TECHNIUTANS, N,t,C, 107 304 647
195 RLUSEANCH WURKERS, MOT SPECIFIED 6 170 U1y
233 SALES MANAGERS, EXCEPT RETAIL [RADE - 20 Sb 56
245 MANAGEIIS AMD ADMINTSTRATORS, N, b, L. 66 180 204
325 EXPEDITERS AN PRUDUCTION CUNTROLLERS 10 49 a9
501 STOICK CLELRKS AND STORLKFEPERS 20 70 150
392 WE1GHERS Lo 1168 235
ai1s CARPENTERS i0 10 1o
130 ELECTRICIANS 10 39 39
441 FOREMEN, N, E.C. a1 409 674
961 MACHINESTS 10 49 49
ars NDATA PROCESSING MACHINE REPAIHMEN 92 S1e 1,037
nas BT SPLCIFIED MECHANICS AND REPATHMEN 2h 28 e
504 OFTICLANS, ANHD LENS GRINDERS AND POLISHERS 22 22 us
522 PLUMBLRS AitD PIPL FIVTERS 10 69 b9
550 IPRESSMEN AND PLATE PRINTERS, PRINTING 10 200 400
5% CRAFTSHEN AND KINDRED WORKERS, N,E,C, 10 10 10
602 ASSLMDLERS 67 430 629
604 BOTTLING AND CANMING OPLRATIVES 14 196 SHS
610 CHLCKERS, LXAMINLRS, AMD INSPECTORS] MANUFACT 37 252 53¢
b2 CUTTING OPERATIVES, M_E.C. 38 365 RY]
64 MIXING (WERATIVLS ue6 193 386
a64e GILERS Al GREASERS, EXC, AUTO iq 1o 1@
('3 PACKERS AND URAPPLRS, EXCEPT Meat AND PRODUCE 20 56 56
huu PAINTERS, MANUFACTURED ARTICLES 10 {0 20
6RO WELDERS AND FLAME=CUTTERS 10 . 29 49
690 MACHIHL OPLRATIVES, MISCELLANEQUS SPECIFIED 1un 2ttt .00
692 MACHINE OPERATIVES, NOT SPECIFLED 60 617 [s169
694 MIGCLLLANEOUS (PENATIVES k2] 160 169
69% HOT SPECIFIED OPENRATIVES 91 57 e
706 FORK LIFT AND TON MOTOR OPERATIVES: 24 112 112
753 FRETGHT AHD MATCRIAL HANMDLLRS 248 Ay Hu
162 STOCK HAHDLIRS i 5t 112
704 HOT SPECTEILD LADURERS .2l q1 ai
902 CLEANERS AND CHARVOMEN 28 So Y9b
903 JANTITAORS AHD SEXTUNS an 992 1,935
TOYAL ] 29,035 19,4338

bl ESTIMATED PLANTS NOT ADDITIVE OY OCCUPATION



APPENDIX B
EXAMPLE QF "ALL INFORMATION"™ REPORT

Enclosed is an example of the "All Information” Report, which is based on
using the redesigned projection algorithm to produce a large number of
estimates necessary to generate the report. The "All Information® Report
gives estimates for each new combination of SIC, occupation code, and hazard
code if the user specifies “S" in Column 1 of the control card, "0" in Column
2, and "H" in Column 3. Thus, by not specifying one or any combination of
these values, the user may choose not to consider SIC, occupation code, or
hazard code changes; if Columns 1 through 3 are left blank, only hazard code
changes will be considerad. The particular example report shown had "SOH"
specified so that any new SIC-occupation-hazard combination will produce
report estimates. The estimates included are for plants, exposed people in
plants, exposures, and source of exposure by each possibie value for the
condition fields. The Tatter estimates are expressed as percentages. For the
example report, only the hazard "Phthalic Acid Esters," with code M0382, is
invelved. Columns 11-15 are used to stop processing after SIC 28 and after
occupation code 162, respectively. The "All Information" Report should
provide useful estimates for a wide range of future NIOSH needs.
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CupE  DESCRIPTION

26 CHEMICALS AND ALLLED PRODUCTS
auy CHEMISTS
Mo3ldg PHTYHALIC ACID EJQTERS

ESTIMATED ESTIMATED ESTIMATED
PLANTS PEOPLE EXPASURES
09 244 607

20 CHEMICALS AND ALLIED PRODUCTS
151 CHEMICAL TECHMICANS
M03A2 PHINALIC ACED ESTERS

ESTIMATED ESTIMATED ESTIMATED
PLANYS PEOPLE EXPOSURES
a9 114 860

FORM

INTENSITY

OURATION

CONTROL

FUNCTIOH
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CUNTRIL
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X 4
F &
X 4
U UNK
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P UNK
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X X
EF FP
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N UNK
b
X X
F G
X X
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5
% %
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100
b4 %
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X %
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Lol
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b
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X
Hp

X
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X
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4
re
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CR

o e

X
CR

X
FR

X
FR

%
GR

X
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X
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%
0
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-5R
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X
ny

33

X
oy

A2

T 1
LV Ny
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T X
LY NV
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X
IC

X
IC

X
LY

X
LT

DATE 04720779

X
uc

%
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X X
NC UNK
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x X
NC UNK
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COPE  DESCRIPTILON DATE 04720779

20 CHEMICALS AMD ALLIED PRODUCTS
qu] FORENMEN, N,E,.C,
MO3NZ PHIHALIC ACID ESTERS

ESTIMATED ESTIMATED ESTIMATED X X X 4 X X X 4 X
PLANTS PEOPLE EXPOSURES FORM D F G L M P S V  UNX
28 28 218 {100
X X
INTENSITY D U UNK
100
X X X
DURAT JON F P UNK
100
X X X X X X H X X X X X X X 4 X X 4 X
CONTROL EP EF FP HG HMP PC CR FR GR OR SR DV LV NV IC LT OC NC UNK
100
X X X
FUNCTION F N UNK
100
2B CHEMICALS AMD ALLIED PROODUCTS
753 FREIGHT AND MATERIAL HANDLERS
MO3B2 PHIHALIC ACID ESTERS
CSTIMATED ESTIHATED ESTIMATED X X X X X X X X %
PLANTS PEOPLE EXPUSURES FURM D F G L M P 8 V  UNK
28 84 aq 100
X X X
INTENSITY D U uhbK
100
X X X
DURATION F P UNK
100
X X 14 ) 4 X X X X X X % X X X x X b4 X X
COHTROL cp EF FP HG WP PC CR FR GR O SR DV LV ANV IC LT 0OC NC UNK
100
x % %
FUNCTIUN 3 M UK



CODE  DESCRIPTION DAYE 04/206/79

29 PETROLEUM AND COAL PRODUCTS
472 AUTOMOBTLE BODY REPAIRMEN
MOYG2 PHYHALIC ACID ESYERS

ESTINATED ESTIMATED ESTIMATED X X X X b4 % X 1 %
PLARTS PEOPLE EXPOSURES FORM D F G L M P S V¥  UNK
19 19 57 33 13 33
b x X
INTENSITY 0 U UKRK
100
' X X X
DURATION F+ P UNK
100
X X X X % X X X X i X X X X 4 X X 4 X
CONTROL EP EF FP HG HP PC CR FR GR OR S8R DV LV Ny YC LT OC NC UNK
13 33 13
x b4 X
FUNCTIOH F N UNK
© 67
&1 .
30 RUBAER AND PLASTICS PRODUCT3, WEC
Q41 FOREMEN, NJE,C,
MO3n2 PHTHALIC ACID ESTERS
ESYTIMATED ESTIMATED ESTIMATED % X % X X X X % X
PLANTS PEUPLE EXPOSURES FORM D F 6 L # P S Vo UKK
i1 32 32 100
% X X
INTENSBITY D U UNK
’ 100
% % 4
PURAY TOH F P UK
oo
Z ¥ % X % i X X X X X i X X % X X X X
CUNTRUL P EF FP HG HP OPC CROFR GR OUOR SR DV LV NV IC LY OC NC UNK
100
pd b4 4

FUNCYLON F M UMK

1no
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CubDE DESCRIPYION DATE GU/20/79

30 RUBBER AND PLASTICS PRODUCTS, NEC
Ton YEHICLE WAJHERS AND EQUIPMENT CLEANERS
MO382 PHTHALIC ACID ESTERS

EJTIMATED ESTIMATED ESTEMATED x X X X X X 4 X X
PLANTS PEOPLE EXPOSURES FORM 4] F G L M P 5 V  UNK
0 16 16 100
X X X
INTENSITY b U  UNK
100
% X %

DURATLION F P UNK

100

X X X b3 X X b4 X X X X X X X pd X X X X

CONTROL EP EF FP HG HP PC CR FR GR OR SR Dv LV NV IC LI 0OC NC UNK
100

X X X
FUNCTION F N UNK

foo

39 RUBBER AND PLASTICS PRODUCTS, NEC
785 HOT SPECIFIED LARORERS
MO 382 PHTHALIC ACID ESTERS
ESTIMATED ESTINATED ESTIMATED X X X % 4 X X X X
PLANTS PEOPLE EXPUSURES FuRM D 2 G L M P 5 ¥ UMK
it 1949 194 100

X x x
INTENSTITY [} U  UNK

8y 17

b3 X X
DUHATION F P UNK

100

% % 4 % X b4 X pa X X % X X % X X X X %

CONTROL EP EF FP HG HP PC CR FH GR OR SR Dy Lv HNv If LT 0C NC UNk
100

% X %

fulcrion F H o UNk

104



-3

CONE DESCRIPTION

30 RUBARER AND PLASTICS PRODUCTS, NEC

any HEAVY EQUIPHMENT MECHANICY, INCL.
MO1D2 PHTHALIC ACID ESYERS
ESTIMATED ESTIMATED ESTYIMATED
PLANTS PEQPLE EXPUYURES
i1 16 16
30 RUBHER AND PLASTICS PRODUCTS, NEC

DIESEL

[=ar 4

FORM

INTENSITY D

. x
DURATION F

L4940 MACHINE OPLRATIVES, MISCELLANEOUS SPECIFIED

MOSB2 PHYHALIC ACID ESVERS

ESTIMATED ESTIMATED ESTIMATLD
PLANTS PFEQPLE CXPOSURES
19 345 345

. X
CONTROL LP
%

FUNCTION F
100

z

FORM [

%
INTENSITY n
DURATION F

%
CUNTROL (N3

X
Funcrion F

100

X
P

100

X

EF

=z »

%
N

%
UNK

X
Fp

UNK

3
Fe

3
UMK

X
HG

X
HG

X
HP

z
He

X

PC

X
PC

DATE

=3
»
=

CR FR GR OR SR DV Lv NV IC LT OC

X X 3
3 Vo UNK
100

X X X % X X X X X x X
R FR GR OR SR DY Ly WV IC LT OC

1oo

04 /20/79

x X
N UNK

X X
NG tNK



CODL  DESCRIPTION DATE Qu/20/79

37 TRANSPORTATION EQUIPMENTY
6890 WELDEHS AND FLAME-CUTTERS
MO3B2 PHTYHALIC ACID ESTERS

g-d

ESTIMATED ESTIMATED ESTIMATED X X X X X X X X X
PLANTS PEUPLE EXPUSURE 3 FORM D F G L M P 5 vV  UNK
48 528 1,056 50 50
X X X
INTENSITY D U UNK
100
X x X
DURATION F UNK
Z % X X
CONTROL X FP NC UNK
50
X X
FUNCTION F UNK
50
39 MISCELLANEQUS MANUFACTURING IMDUSIRIES
162 ENGIHEERING AND SCIENCE TECHNICIANS, N.E.C.
MO382 PHTHALIC ACID ESTERS
CSTIMATED ESTINATED ESTIMATED % X % X X X X X X
PLANTS PEOPLE EXPOSURES FORM D 4 G L M P 3 V  UNK
[ B 33 33 100
% X X
TRTENSITY D U UNK
100
% % %
DURATINON F P UMK
100
2 % X X % 4 % X X % )3 X % % X % % % %
CONTROL P EF FP HG HP PC CR FR GR R S5H DV Ly NV JIC LI (U NC UMK
100
% x %
FOUNCTION f NoTIMK
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CODE DESCRIPYIUN

19 MISCLLLANEOUS MANUFACTURIMG INDUSTRIES
62 GRADERS AND S0RTERS, MANUFACTURINMG
MO3I82 PHTHALIC ACID ESTERS

ESTIMATED ESTIMATED ESTIMATED
PLARTS PEOP|E EXPUSURES FORM
9] 165 {95
INTENSITY
DURATION
CONTROL
FUNCTION
39 MISCELLANEOUS MANUFACTURING INDUSTRIES

-

b

onl PACKERS AND WRAPPERS, EXCEPT MEAT AMD PRODUCE

MO3A2 PHTHALIC ACID ESTCRS

CSTIMATED ESTIMATED ESTIMATED
PLANT3 PEOPLE EXPOSUARES FORN
11 1n7 561

TNTENSTTY

PURATION

CONTROL

FulcT10H

¥
F o6
T
0 UNK
T
P UNK
X%
EF FP
X %
N UNK
rx
G
%
U UNK
% %
P UK
XX
EF P
X 4
TR

X
HG

X
HG

X
HP

1
HP

O e

4
PC

X
PG

I e

5

LR

X X
Vo UNK
i3

X X X X
FR GR OR SR

UNK

33

% X x 1
fFR GR R SR

X
Dy

67

Ly

X
MV

X
IC

X
LT

DATE 0u/s20/19

X
0c

X X
NC UNK
53
X X
NC LINK
LE)
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CUBE  OLSCRIPTION

39 MISCELLAMEDUS MANUFACTURING 1INOUSTRIES
656 PUNCH AND STAMPING PRESS OPERATIVES
H0382 PHIHALIC ACID ESTERS

ESTIMATED ESTIMATED ESTIMATED
PLANTS PEOPLE EXPOSURES FORM
1 33 3
INTENSITY
DURATION
CONTROL
FUNCTION
39 MISCELLANEOUS MANUFACTURING INDUSTRIES

690  MACHINE OPERATIVES, MISCELLANEOUS SPECIFIED
40382 PHTHALIC ACID ESTERS

ESTIMATED  ESTIMATED  ESTIMATED
PLAMNES PEUPLE EXPOSURLS FORM
11 440 2,486
INTEHSITY
DUKRATION
CUNTROL

FUNCTI(ON

e

67

r

100
X
F
71
%
ke

F

34

X X
F G
F S |
U UNK
T x
P UNK
X X
EF FP
X X
N UNK
XX
F ¢
x %
VRV
X %
PHNK
9

T X
£FFP
¥ X
NoUHK

HG

HG

33

He

40

e

PC

W

CR

X X
¥ UNK
33

FR GR DR SR DV Lv

67

X X
¥ UNK
43

FR GR OR R DV Lv

NATE DU/A20/19

%
oc

X
uc

L3 %
NC UNK

33

% X
NC UnK

Ie



COME  DESCRIPTIUN

39 MISCELLANEOUS MANUFACTURING TNDUSTRIES

706 FORK LIFT AND TOW MOTOR OPERATIVES
MO102 PHTHALIC ACID ESTERS
CSTIMATED  ESTIMATED  ESTIMATED
PLANTS PEUPLE EXPUSURES  FORM
1 33 a9
INTENSTTY
DURATION
CONTROL
FUNC T 10N
(e
1
L
— 19 MISCELLANEQUS MANUFACTURING INDUSTRIES
753 FREIGHT AND MATERIAL HANDLERS
MD382 PHIHALIC ACID ESTERS
ESTIMATED  ESTIMATED  ESTIMATED
PLANIS PEOPLE EXPOSUNES FORM
11 as1 1,353
INTENSITY
DURATION
CONTRAL
FURCTLON

67

X X

F G

X %

1) UK
% %

P OUNK
X 4

EF FP
X X

N UHNK
X X

F G

X b

U UNK
% %

P OUNK
X X

EF TP
b4 %

M OUNK
33

G

HG

X
HP

%
np

X
PC

X
PC

- 2P

=

X %
vV UNK
13

X x
Vo OUNK
ab

p4 X X x
R GROR SR

16

X
Dy

50

X
LV

16

%
NV

%
1C

X
LY

“0C

4
(3]0

DATE 04/20/79

X%

NC NK
33

% %

WE UNK
)
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CODE  DESCRIPTION

39 MISCELLANEQUS MANUFACTURING IMDUSTHIES
78%  NOT SPECIFIED LABORERS
Mo3B2 PHIHALIC ACID ESTERS

ESTIMATLED
PLANTS

ESTIMATED
PEOPLE

€3TIMATLD x
EXPUSURES  FORM P

11 176 520

INTEMNSITY b

DURATION F

CUNTROL (R

m

FUNCTION

67

X X
£ G
X X
U UNK
X X
P UNK
X %
EF FP
X X
N UNK

Lv

X
Ny

X
1

4
LT

DAYE 0u4/20/79

%
0c

X X
MC UNK
33



APPENDIX C

“REDBOOK™ REPCRT EXAMPLES

Examples of the "Redbook" summary report in both hazard code and hazard
description order are contained herein. Each report displays, for each code
and description, the CAS and RTECS numbers, estimated people exposed,
exposure percentage by each exposure saurce (observed, trade name component,
or generic component), and ccunt of occupation codes. The "Redbook" summary
report procedure inveolves two steps: (1) summarizing the data for the desired
quantities to produce an output Tile, which also contains the necessary
descriptive information, and (2) using that summary file to generate the
repart in efther hazard code or hazard description order. The main input file
to the first step is the 32-byte records produced by the second CUPDATE step
of the update subsystem (see Figure 2 in Section IV.B), which exactly reflects
the revised load file produced during the same step. (The 32-byte file used
for the enclosed report was derived from the test Toad file available to RTI,
not from an actual Toad file.) The "Redbook" summary report, then, is the
last step in the update subsystem, parallel tc the SYSTEM 2000 reload, that
gives summary information rpresentative of the reloaded data base contents.






"Red Book" Summary Report
in Hazard Code Order

Preceding page blenk






139314

U2 85ed Sy

HAL
COBE

AlOU]
ATOLO
AlO2G
AVERT
Allag
AL187
Al2LL
AL2AA
ALy
ALZOY
Adad
ALA33
ALY
ALU3S
AYN3T
AlA3H
ALd40
Allge
AR
Aliis
ALAa
A145%
Atihe
AL
ATALD
AL4L0
Aldbi
Atftee
ALIGS
ALl
ALH10
ALSN
ALSHug
Ala2D
Ay
Ar6én
ALl
Ao
Ay b
ALHSY
AlbSGo
AE6D
AMOLGe
ALbOYg
AL 605
AL&99
ALT0%
AtToy
AET1S
AL
ALT1o
ALTLY
Ap72

CAS MUNDER

00005E 741
000463790
4000535594

048049474

N01319466
029265752
001345006

GO1TH9%06
apengs3a9
000051785

005687227
aootiahst

000556229

009000875
12790955
00RD2Y29S
aas71502

000029309
0607099108
001861821
DO2RTINID
002514584
onnt4a78%y
0061306257
009002908

ESTIMATED
PEUPLE
EXPOSJED

6499
659
1%
455
12
655
H59
655
au7
12
107
683
H03
8145
&yt
647
and
12

12

12

12
t6a
3:41)
107
747
647
iy
b47
iy
2r612
2:672
2,602
2,672
647
647
815
2,588
12
L54
H59
12

12

12
699

12,508

699
659
12
659
hhY
639
12
id

QUATERLY HAZARD SUMMARY REPURT e : . DATE

SOURCE OF

EXP, EST,

100
50
34
45

20
17
1t
12
T
1

1

O o~d o~ O Do U

A%}

U~ T

™A I

ACT JRN GEN OCCS

g o=

—— - [ SR VRSN ——

LVEFESRY

—_— T

CHEMICAL NAME

TUNGSTEN OXIDPES

VANADIUM 0XIDES

CERAMICS

HISTAMINE PHOSPHAYE

CARBANIC ACID

TRIPHOSPHUPYRIDINE NUCLEUTIDE
TITANIUM, OXIDES OF

PAHNCREATIN

A A 4 INVALTID-HAZ~CODE % % &

LEAD CARHONATE, BASIC

BUTYLENE GLYCOL

ANTIMONY SULFYDE

RESINOYID

POUR DEPRESSANTS

FATTY ACID GLYCERIDES

ALKYL PHENGL POLYETHYLENE GLYCOL LTHER
DIMETHYLCYCLOPENTANE , TRANS~1,3~=
AMMONILM ALGINATE

AMINOPHENOL HYDROCHLORIDE, PARA-
HYDROGEMATED NAPJITHAS

COALESCING AGENTS

CHLUORINATED PHENDLS

VEGETABLE OIL VYARNISH

AMINE SODAP

POTASH S0AP

BARIUM ALKYL PHENOLATES

CALCIUHM ALKYL PHENOLAYES

ORGANIC BURATES

TRIARYL PHOSPHATE
DINITROCE=METYHYLHEPTYL)PHENOL
BUTOXY=BETAS«THIOCYANODOTETHYL ETHER, DETA=
A % ok TNVALID-HAZ~CUDE » & «
HEPTADECYLIMIDAZNLINE ACEVATE, 2~
ALKYL ARYL SDDIUM SOLFONATE
ALKYLPHENYL POLYETHOXYETYHANOL
ALKYL STYRENE POLYMERS

AMMONTUM POLYSULFIDE

AHMONTUM SILTICATE

WANDANE

fHETASAN

ALEUN MEAL

BUTYRONIC ACIDR .
CALCTUM ANMHMONIUM NITRATE SULUTION
A ok & INVALID-HAZ-CODE = * »
DICHLORO=Y=NTTRIOANILINE, 2,b6=
DICHLORPROPTONANILIDE
TEREPHTHALYC ACIP, TETRACHLORD-, DIMETHYL ESTER
NDIPHENYL DIDODECYL STLANE
CYHYLEMEGLYEEL. DISCTRICHLURODACETATE)
EHBOTHAL

ERBON

ETHYLENE OXIDE CHONDENSATE
FLUARGLUBE DELS

'

04/09/19



8-3

HAZ
CObE

AJTuo
ALTSY
ALTS2
AV TS5
ATGI
AM770
ALTBY
ALTHBE
Al1T90
AtBol
Au22
AlBes
Aleca
AL BUO
ALDS8
A1BG63
ALUBTL
AL923s
MY
[RIVAEHRS
400063
Moaop]
mpgee
MO07?7
HoQag
Moo
MO1]¢
Mot as
HG126
Mo1an
M1 48
MO2 18
noesn
tinjoe
MoSa2T
Mosay
MOSGS
MOSTT
o038
1o3oe
1039]
MO Sy
Moule
HOA 20
MOa IS
MOs9T7
MaS 21
MOS30
MOS533
HO5 34
Mo5 39
HaYu2
105948

CAS HUMBER

opo0noLsy

000330552
012427582

002165806

003478942

010049080

voeo7anBa
0276968600

0013173060
00l3la4t6

000064175

000133073
000117817
V1aD5641
000062737

0000706002
aoogrunie

009003296

ESTIMATED
PEUPLE
EXPUSED

RTECS
HUMBER

12

12
611
12

12
657
2.588
12
659
12

i2
2,588
12

1é

QUATERLY HAZARD

SOURLE OF
EXP, EST. NO
ACT TRN GEN QCCS

2 2
2 )
[ 1
i 3
5 1
1 i
L} 3
2
1 2
1
i
9 2
4

—
PO AU N e e e PO R =

7
4

3

2 2
1 1
1 1
1 1

SUMMARY REPORT

CHEMICAL NAME

HALAZONE

HEAVY MEFAL STEARATES
HEXACHLOROACETATE

HOOF +HORN MEAL

IQDOPHORS

L INURDIN

MANED

METALLIC S0AP

MONEOSODIUM ACID METHANEARSONATE
A & & INVALID-UHAZ-CODE *+ & &

PH INDICATOR

PIPERALIN

PLASTIC THICKENER

* & n [NVALID-HAZ-CODE * » a
RUTHINIUM CHLORIDE

SKYDROL

TRIBUTYL PHOSPHOROIRITHIOATE, S:S5,5~
NITROBENZENEIMIDAZOLE NI FRATE, 6=
UMDEF INED CHEMICAL

A & INVALID=-HAZ~-CODE + & &
INORGANIC CHROMATES

A A & THNVALID=HAZ=-CUDE » * %
SODIUM PHIISPHATES

THORGANTC MOLYBDENUM COMPQUNDS
INURGANIC JRON COMPOUNDS
INORGANIC PALLADIUM COMPOUNDS
INORGANIC MAGNESIUM CUOMPUUNDS
LEAD MONOXIDE

LEAD TETRUXIDE

INURGANIC BOROM CUMPOUNDS
IRORGANIC ACIDS

FATTY ACIDS

ALCOHUL

EFOXIDES
TRICHLORUMETHYLTHIG)PHIHALIMIDE, N=-(~
EFHYLHEXYL) PHTHALATE, BIS(2-
FERRIC DIMETHYLDITHIUCARBAMATE
PHOSPHORIC ACID, 2,2-DICHLOROVINYL DIMETHYL ESTER
ALKANES

ALKEMES

CYCLIC HYDROCAROONS

* a2 & INVALID=HAZ-CODE »  «
TRIECHLORUNT TROME THANE

DROMUME THANE

MLRCURY=CUNTAINING OQRGANUMETALLIC COMPOUNDS
AMMUNTUM COMPUOLHDS, ORGANIC
POLYDUTENE

HUBBERS, SYNTHLTIC

TISSUES AND TEISSUE EXTRACTS
PROTEINS

DYLS AND PIGMENTS

OILS, PETHOLEUM=DERIVED

ALKYD RESTNS

DATE 04709779



£=3

1AL
LODE

MoGno
MO6OS
MO625
HO0GL2b
MOO2T
Poean
PMoLSH
REYA
MOLRA
MOOLHT
MOT7240
MOTH)
MGTTY
Hoboe
HOU29
Mena|
MO0y
1000
Mio02
HI0S0
MEQSY
MLLo7
iz
Mo
Mi2ba
MI3LL
Hyyze
Miiuo
MLaLs
MIB9h
MLrer
75
Hiany
M1630
Hi882
[RERE]
H19 06
M2370
Mayg 17
H249%
bt
M2Sh9
Haohb
Hed 2y
Ha2nhz29
MadHhS
292y
Haaz29
29658
M2908%
1324al
Miang
RN

CAS WUMBER
onH002TH2
008020835
000142509
00135u234
0DBUX0S06

001313979
001345057

onaouastLl
0000020680

0p7r321ns
008001794
007631905
000121259

000076153
6galLu2789

009009907
009035%89

011099119

000HN201R

po2a2%001
Q00 na2En

0LE112100

ESTIMATED
PLOPLE
EXPUSED

RTECa
NUMBER

12
3,519
2,580

643

12
647
6i7

12

12

1ot
459

12

12
2,548

15
1e

12

Fos
659
707

12,957

2

156
047
655

1e

12

655
688
(XN

¥
81h
1e
U7

12

36

655

12

160
A

2,684

168
374
[

3;5“7
2i072
hir

B15
101

2,540

0%

12

12

GUATERLY HAZARD

SOURCE QF
EXP. £5V, N0
ACT TRN GEN NCCS

i 5 7
3 !
i 2
1
t
1
t 1
3 |
1 a
3 3
t 1
{ 1
i ]
1
1 1
i 1
1 2
i
1 2
i
1 i
{
F 2
i
]
3 4
I 2
4 o
| 1
2 t
{

SUMMARY REPORY DATE

CHEMICAL NAME

PARAFFIN

MIHERAL OIL

UNDECYLENIC ACID

ZIRCONIUM OXIDE

GUMS

NAPHYHA

ALKYLARYL SULFUNATE

TERPENES

NEODYMIUM OXIDE

CyIy 7TL15=PIGMENT WHITE 5

HUMAN SERUM

LEADED ZINC (OXIDE

COCONUT DIETHANOLAMIDL

PENTACHLORONTTROBENZEME

CALCIUM PETROLEUH SULFONATE

MARBLE

BOTLED LINSEED OIL

WATER

SILICUNE RESIN

CASTOR OIL

SuDIuM BHISULFITE

AMPROL TUIM

CHLOROPENTAFIL.UOROE YHANE

LAURDYL ETHANOLAMIDE

RABBIT SERUM

k& & INVALIR-HAZ=CODE & % &

TURPENTIMNE (GUM)

THROMBOPLASTIN

TR OXIDE, RLD

SURFACTANTS

VANADIUM DOXIDE

ZINC DLALKYLDYTHIOPHOSPHATE

Kk a % INVALID=HAZ«CONE % » #

*SODIUM ALKYL BFNZENF SULFONATES

TANKAGL

SEAL OIL

PHOSPHOLIPIDS

SUDTIUM LINCAR ALKYLUENZENE SULFUONATE

SYYRENME -BUTADYENE LATEX

SULFATEDR NOMNOXYHOL

CALCIUM S0AP

ACRYLLIC EMULSYOM RESIN

COCONUT (1L SOAP

Co=C9 ARUMATIC HYDRUCARDUNS

PETROLEUM SPIRLYS

CALCTUM CYANIDE

BUYYL~- LAURYL~ STEARYL~ AND DIETHYL AMINDETHYL METHACRYLATES

HAH!UH PETRULEUM SULFONATE
ASTOR OIL B0AP

uIFnLAtAN

DISHDTUM METHYLARSUONATE

AMHUNTATED SUPERPHOSPHATE

SODTUM ANTIMINATE

0as09/7%



8-3

HAL
CUDLE

Mu2age
Nnyae6n
Poato
Posso
Poaso
POl
rPo6ls
70650
01508
02820
03298
05800
0%89%
01200
04570
04603
0460%
04620
05250
05270
061149
06163
06179
06500
07310
07505
07555
07u70
08640
09070
09318
10210
FLU5S
12060
2845
12910
12960
1302%
13455
15650
15980
143R0
19970
15630
157380
15745
157446
15799
17366
17367
174060
17a7%
174490

CAS MUMBLR

0n5793840

0374905306
0080772014

000060197
0000670641
0D0074BL2
000107131

008039632
000107186

007446700
010045013
007660417
012125029
001336216
00echBas2e
007727540
00BU07T703
0074940360
007440382

001327553
00053779
000071432
000058899
000065850

0000800597
010043353

N617B99646
000071363
onoo7HI53
000123864
0074490439

000156627
001305620
Q07770945
oo1305788
0077d2a2%
000124347
000650060
042597692
000056259

ESTIMATED
PEOPLE
EXFOSED

192
815
67l
659
281
1,008
1,135
1,505
679
374
12
2s672
12
374
659
i2

2k
655
659
12

316
706
12
374
695
671
168
659
12
281
2,612
12
659
699
707
3,447
24

12

id
851
659
12

12
659
671
i2

12

i2
2,684
015
659
[
5519

UUATERLY HAZARD

SUURCE GF

EXP, EST, NU

ACT TRN GEN 0OCCS

—
e R

——

—) b pa

U ey Y

SUMMARY REPORT

CHEMJCAL HNAME

PETROLEUM OIL
CALCIUM PHENATE
IMFRARED RADIATIUN
ULTRAVIDLET RACIAYION
XR

CONTINUUUS HNOULSE
PN

e .

ACETIU ACID

ACE TONE

ACETYLENE
ACRYLONITRILE
ACTIVATED SLUDBGE

ALKYLDIMETHYLOENZYLAMMONIUM CHLORIODE

ALLYL ALCOHOL

A a0 & TNVALID=-HAZ=CUDE x « &

ALUMINUM CHLORIDE
ALUMINUM SULFATE
AMMONTA

AMMDNIUM CHLORIOE
AMMONTIUM HYDROXIDE
AMMONTUM NITRATE
AMHONTUM PLRSULFATE
ANISE (JL

ANT IMUNY

ARSEN]C

ARSENIC OXIDES
ARSENIC TRIOXIDE
BARIUM CARBONATE
BENZENL

LINDANE

BENZOIC ACID
BERYLLIUM UXIOES
BIOLOGICAL SUBR3TANCES
BISPHENOL A

*ox A& INVALID~HAZ-CODE
BURTC ACTD

BRASS, OKX10ES OF

RUBBER, BUTADILNE-3TYRENE

BUTANOL

BUTANONE, 2=

BUTYL ACETATE
CADMIUM

CADMIUM OXIDES
CALCIUM CYANAMIDE
CALCIUM HYDROXIDE
CALCIUM HYPOCHLORITE
CALCIUM UXIDE
GRAPHITE

CARBON DIOXIDE
CARBON MONOXIDE
3TFEL

CARUDON TETRACHLORIDE

DATE Q4/09/779



HAZ
CODE

17526
17685

18010

194025
19680
19760
19770
20115
20170
20265
20010
21140
alho0
231305
23300
23460
23880
20003
24006
2009%
2130
282135
2n2re
20425
24615
29504
20059
208680
20930
Sta7o
51500
s22181
12304
32510
12940
33145
160

Taha0

335995
Jiuqo
13720
35045
Shho7
35040
36000
R
Iullh
36905
31510
37680
3580
600
40050

CAS NUMHER
600409212
0006079110
Do0077929

00744084
007440508

001344201
01%096523
eooilonay
000105930

H00533415
000106934

000095501
0001044067
0000757108
0o0ctovooe
000075434
000094757
oois20sre
oootiluae
00N LUbG

000115297
000111762
000141784
800064175

00010721
noon60297
000070104

00770%u80
anao?s6e9d
D1ahn223y
0noaLo0D0
Go0n6Hh1IBG
0000560610

QoGo7agad
00014220

000070504
0001 105%4%
DO010HLOY
anoLarnLs
gojLia0l0
0077238401
Q07558062

ESTIMATED
RYECS PEIPLE
HUMBER ~ EXPUSED

0Bl
2,109
12
all
60

12

i2

12
6Tl
695
1e
647
192
[N
Er072
2,hle
12

{2

i2
204
3,319
655
731
160
LUl
07
{2
debie
il
2:25%3
1,193
6s9
815
2,241
12

12

12
’47
e

24

12

LT
L83
Aebnd
L
10374
21962
[y
12
107
L1

12

12

OUATERLY HAZARD

SOURCE OF
Exp, EST, N
AGCYT TRN GEN OCECS

2

1 5
I a
I

2

3

1

i 2
1 2
3 2
2

2 3
|

2

|

1

i

i 2
i i
2 7
!

i P
i 3
1 3
i

i

t I
1 3
L

1 2
1

2

SUMMARY REPURT

CHEMICAL NAME

SILICON CARBIDE

e b & THNVALID=HAZ=CODE » & %
CHLOROACETIC ACID

CHROMIUM OX{DES

CIIRIC ACID

COATING

CORALTY

COPPER

COPPER OXIDES

ALUMENUM OXTDE

CRYOLITE

CYCLOHEXANE

CYCLUNHEXANOL

a4 s INVALID=HAZ~CUDE » » =

DATE a0fi/09/79

PHOSPHOROTHIOIC ACID, O,0=DIETHYL O« (2=YSOPROPYL=6=-METHYL=A-PYRIMIDINYL

DIBROMDETHANE, ()2«

Aok x INVALIDwHAZ~CODE & w «
DICHLORODENZENE, ORTHO=
DICHLORODENZENE, PARA=
DICHLARODIFLUOROMETHANE
DICHLURDETHANE, {,2-
DICHLORUFLUORGME THANE
DICHLUOROPHENOXYACETIC ACID,
DICHLORCTETRAFLUOROE THANL
DYETHANGLAMYINE

DICTHYLENE GLYCOL

ENAMEL

FNDOSULF AN

ETHANDL, 2~PBUTUXY-

ETHYL ACETATE

ETHYL ALCOHOL

& ok x INVALID-HAZ-CODE w~ *
ETHYLENE GLYCOL

ETHYL ETHER

ETHYL SILICATE

FELDSPAR

FERRIC CHLORIDE
TRICHLORUFLUOROHETHANE
FLUOBRSPAR

FORMALDEHYDFE

FORMIC ACID

GLYCERDL

GRINDING WHEEL DUST
HEPTACHLUR

HEPTANE

HYDROAUINUNE 5
HEXACHLOROPHENE

HLXANE
METHYL=2=PFENTANONE, &=
HEXYLENE GLYCOL

HYRROGEN CHLORIDE
HYAROGEN PLROX1DL

TOBTHE

2pln



01-2

HAL
COOE.

a029t
a0430
q0910
q0904
no9ar
nirs
42355
a2u10
neaen
n26n9
43360
43190
a49000
44025
4930
149035
44918
15519
asv 56
46210
671
47030
araie
a4r2ro
47800
4ee28
50420
50095
50742
50865
50879
51118
51705
52138
s2111
b21daz2
521458
52105
521490
52450
53900
20160
%4790
577100
50520
59162
59173
59469
60129
60360
60570
6020
Gouuo0

CAS HUMBER

000078831
000078591
0001002114
000067630
008332507

Da7ase92l
0077686303
007459765

005313139

000067561
000072435
0000715%06
ouoclopny2

0a007H092
0000632%2

0074940020

007627372
007727379

oleo24972
0001136%97

00o01i2801
0001440627
004685147
poeonIReS
000127184
00780351¢
007664382
001514003

00746006y
aazaar407
0077090006
014075557
0013104%88

ESTIMATED
PLOPLE
EXPUSED

659
12
647
12
1,326
12,9357
12
374
683
659
L2
659
12

12

12
659
2,500
671
317
24672
1,302
647
2,580
293
72
659
12
659
12
168
6579
156
6n7
803
815
72
839
12
647
4B
659
2.672
647
659
1,493
647
12
P09
12

ie
2,588
683

UUATEHLY HAZARD

SOURCE OF

EXP, EST, NO

ACT TRN GEN 0CCS

1

P P e ) e o

—
——

-

T e

SUMMARY REPURT DATE

CHEMICAL NAME

IRUN OXIDES

1530BUTYL ALCOHOL

I1SOPHORONE

ISOPROPYL ACETATE

ISOPROPYL ALCOHOL

KAOLIN

LACQUER THINNER

o & & INVALIO~tIAZ=CUDE % * #
LEAD

LEAD OX]IDES

MAGNESTUM CHLORIDE
MAGNESTIUM UXIDES

MANGANESE

INORGANIC MANGANESE COMPUUNDS
MANGAMESE DI1O0OXEIDE

MANGANESE OXIDES

INORGANIC MERCURY CUMPQOUNDS
MERCURY OXIDES

ME THANOL

ME THUXYCHLOR
TRICHLORUETHANE, 141,11~
METHYLCYCLUHEXANE

A &k x JNVALID=HAZ=-CODE % & &
DICHLOROME THANE

NAPHTHYL N-METHYLCARBAMATE, [~
MOLYBDENUM (IXIDES

NICKEL

NICKEL OXIDES

NITRIC ACID

NITROGEN

NETROGEN OXIDES

NITROUS OXIDE

OCTANE

1L, LUBE

(L, MOTOR

OlIL, UTHER

OlL, PENETRATING

OILS, VEGETABLE

GLEIC ACID

OXALIC ACID

PARAQUAT

PENTACHLORDPHENDL
TETRACHLOROE THYLENE
PHOSPHINE

PHUSPHORIC ACID

PHUSPHORUS PENTASULF IDE
PHUTUGRAPHIC PLATE CLEAMER
PIGMENTS

PLAFINUH

PUTASS1UM CHLORIDE
POTASSTUM CHROMATE
POTASSIUM TETRAFLUORUGBDRATE
POTASSIUM HYDRUXIDE

04/09/79



—t
—

HAZ
CUbE

(YR ]
s0%540
6570
66713
6200
634525
L5070
G080
66495
LHT40Y
6T5350
61537
67539
b7680
0295
608511
BaS12
alis'y?
67466
68850
a7
ohbno
HH9S0
L9000
baNhHS
49470
LN
H92a0
60060
69470
69731
69855
T004%
ron7o
70995
T10%%
71600
TiBb0
Tiabn
T200%
73075
73805
Ti258

S 73400

7351%
73750
73150
13790
713660
EN ]
74195
T44990
Thisi

CAS NUMBER

007722647
LOyTTUD0S
0003355200

000079094
000051550
opuoolsny
0600110861%
014808607
0074401606
006003794

aono69r2]
pO7782492

009000593
0oLiq4098

aoon9TLI9n
007775099
DO7647145
000145339
05155300
0104245608
001310732
007001529
007651994
001313822
00YT7HTU587
009005254
00805013
Q07704349
BO7LLa4989

01480790
gouo7anng
aopu7aTAd
000137408

007400315
DOTHAORRL

200100ABS

000126730
053086189
0007900

0a009876Y
007601549
D0BD0BLAL

ESYIHATED
RTECS PLUPLFE
NUHBER CLXPUSED

12
695
12
nosl
12
719
2.bi2
281
i2

12
2,6l2
12

la

12

12
374
6h3
7107
ars
T19
659
T3l
12

1

12

12
6499
(%
te

12

12
[
71
679
228
21096
Y:
ui?
2,012
659
12

1
851
659
Xy
u4?
2072
adl
2500
141
[
12

14

BUATERLY HAZARD SUMMARY REPURY

SUURCE OF
EXP, EST, MO
AEY TRW GEN {CCS

[AS T}

= Ul o

=

[T R %)

YRR

CHEMICAL NAME

POTASSTUM PERMANGANATE
PUTASSIUM SULFATE *
POTASSIUM THIOCYANATE

PC~-GL

PROPIUGNIC ACID

PROPYLENE GLYCOL

PYRETHRUM

PYRIDINE

QUARTZ

RHUDIUM

NUTENUHE

AUBBERS, NATURAL

RUBDER, OTHER

SALICYLIC ACID

SELENIUM

SHAMPOD

SHELLAC

SILICIC ACEID, DISOBIUM SALT
q0AP

S5UDTUM CARDBUMATE

SUDTUM CHLURATE

S00IYyM CHLORIDE

SODJUM CYANIDE

SODIUM DODECYLBRENZENESULFUNATE
300104 HEXAMETAPHOSPHATE
S500TUM HYPROXIDE

S00DIUM HYPOCHLUORTYTE

SO0TUM NITRATE

SUDTUM SULFIDE

SUDTUM SULFITE

STARCH

STUONARD SOLVENT

SULFUR

SULFURIC ACID

SURFACTANT

TALC

TETRACTHYL LEAD

TETRAMETlYL LEAD

TETRAME THYLTHIURAM DISULFIOE
THALLIUM (IXIDES

TIn

TITANTUN

& % & INVALIDwHAZ=LODE w & #
T UENE

TRAMSMEISSION FLUID

TRIBUTYL PHOSPHATE
DICHLURODIPHENYL TRICHLORDE THANE
LYHYLERE, TREICHLORO-

* k& IMYALID=HAZ~CODE * & &
TRICHLORNPHENOXYACETIC ACID, 24445~
SUDIUM PIOSPHATE, TRI
TURPEMT INE

UHEH

PATE 0lys09/719



A

HAZ
CODL

76612
166451
76016
Tol7
T6610
76720
77119
77150
77155
77190
1795
717220
17265
680014
B0G18
800L9
Ho022
80027
apo3e
80037
Bo03n
80039
80046
60050
60051
B0os3
80056
80059
84060
80001
BOOb
A006S
Boo73
800706
#8o079
vo090
8007y
80096
dotoa
aplo9
aolte7
holaa
80142
nolag
60153
#0158
Boloy
840165
aotre
ao17y
80101
solae
aotas

TAS NUMBER

0068065089

001350207
0074840666
007646857
0013141132

007735020
0070800677

oQo6sr127

Q00121755
008006540

0013157535

008002093
007778%09

007775191
0077568294
QU6B34920

008007030

007761808
000546930
0077729087
007783202
0op0%50097
0165898481

0076019058

ESTIMATED
PEOPLE
EXPUSED

RIECS
NUMUBER

228
6T
659
1,399
657
851
12
2rb76
12
168
659
2y b3l
12
655
2,241
12
657
216
15,795
2684
12
374
2:672
659
220
lo8
2,604
36

12
752
12
120
12
6459
ed7
204
12
386
Adi
374
66T
659
te

12

12
7008
q8
12,290
12

12
655
12

{2

QUATERLY HAZARD
SUURCE OF

EXP, EST, NO
ACT TRN GEN OCCS

4

-
PO DU e >

Py e o 1Y

SUMHMARY REPORT

CHEMICAL NAME

WATERLESS HAND CLEANER

CWAX

CARBUON ARC LAMP GASES

CGAS

WELDING RODS

XYLENE

ZINC v

ZIMC CHLORIDE

k & & INVALID=-HAZ-CODE ~ a
ZINC OXIDE

ZINC OXIDES

ZINC SULFATE

ZIRCOMIUM

AR FRESHENER

CURRECTION FLUILD

DRAIN OPENLCR

FILLER COMPOUND

ARUMATIC HYDRUCARBONS

sOIL

ALUMINUM STEARATE

INORGARIC AMMONIUM COMPUOUNDS
AJAX

DILTRYL MERCAPTOSUCCINATE, Q,0« DIMETHYLDITHIOPHOSPHATE OF
HERBICIDE

LANOLIN

GIL, LINSEED

MOLYBOENUM DISULFIDE
PETRILEUM SULFONATE
INORGANIC PHUSPHATES

PINE OIL

POTASSIUN DICHROMATE(VI)
POTASSIUM OXIDES

SUDTUM METABURATE

SODIUM IRIPOLYPHIISPHATE
SUDIUM MLTASILICATE
ALIPHATIC HYDROCARBOMS
AROMATIC SOLVENT

OILS, ESSENTIAL

A & A CIRVALID=-HAZ=-CODE A & #
PETRUOLATUM )
PHOTOGRAFHIC FIXER

STEEL, UXIDES3 0OF

SILVCR NITRATE

MAGHESTUM CARBONATE

SODIYUM THINSULFATE

AMMONTIUM SULFATE

ROSIN

DOLOMITE

PRODUCTS OF RUSIN CORE SULDER
AMINES

PELE TONL

PERCHLORIC ACID

PHENDLIC RESINS

DATE 0a/05779



£1-2

HAZ
cung

81076
B1ara
flata
Btoy)
BE9SY
A195%
Bya7o
Bi993
8199y
82006
82009
B20454
82165
n214%6
pe21re
2254
neaey
argie
N22i7
Be253
n227T2
B2109
Haya?
a2600
Heni?
B20080
Bzats
829435
B29S S
29,3
82904
B2I%b
0309%
RN
B3L23
83325
BiL29
nys3n
B3iast
83475

T #3520

834930
83600
Bi6a3
Birno
ByTHO
uirn?
Bi7he
83793
63908
BUosY
any 7y
aning

CAS NUMBER

007758976

000055550

000585520
oboy7aTall
0¢1308427
DOybS2044
0e13L360t

DLYTL9977

0635474499
BOYsLA9D3

atol41001
007702992
01384% 360
DO00G2YHD
003300727

Da73792484
neliltglet
Bot330785
0opantnes
008551677
000096877
001314761

0004950140

DOBALTHHL
BOB0aLTHO

aonousTIT]
00012002)
0uy77ub3a
DO13384348
0005921761
0005089314
uaojolgoe
Quo139333

ouleIno2y
a12tez20l?
Af2001484%3
0anI15422

Q0LO7TRYLY

ESTIMATED
PLOPLE
CXPUSED

RTECS
HUMBER

1
FLL]
[N
655
12

24

12
bul
3b

12
2,604
2,500
12
2,672
659
6i3
12

12

12

12

i
sy
Ns
12

12

12
bat
201
NN
1
647
il
655
647
AL
12
EIL]
12
3
L1
ant
bat
ol
anl
[P

rsl
10
2rois
2r6te
12
293
B1s
12

QUATERLY HAZARD

SOURCE OF
Exr, E87, no
ACT TRN GEN OCCS

e T

ta¥]

—

—_

SUMMARY REPORT

CHEMICAL NAME

CHROWIC ACID, LEAD(2+) SALT (111)
LITHIUM GREASE :

METHYL=PARA~AMINOPHENDL SULFATE, PARA-
POLYPEPTUNE

POTAISTIUM OXALATE

POTASSTIUM PERSULFATE

SODIUM ALOHINATE

S0DIUM PERBORATE

Q0DIUM PEROXIDE

SULFOHIC ACID

TALLOW

ko & INVALID«HAZ«CODE * * «

POLYETHOXY POLYPROPOXY POLYETHOXY=TUDINE COMPLEX
PYRETFIINS

POTASSTUM 2~BENZYL~4~CilLORNPHENATE

ZINC BULFIDE

GOLD CHLURIDLES

CHRUMEC PUTASSTUM SULFATE

SULFURQUS ACID .

PUTASSIUM TRHIPOLYPHOSPHATE

THIDUREA

SODIUH XYLEMESULFONATE

POLYMETHACRYLATE RESIHN
ETHYLENEDJAMINETEYRAACETIC ACID, SODIUM SALY
THURIUM OXIDE

PHUSPHORIC AGID, TRITULYL ESTER

CYCLUPLNTANE

HALUTHANE,

METHYLUYCLOPENTANE

POTAS3IUM SILICATE

W ok & [NVALID-HAZ=CODE % » »

METHYLPENTANE, 3«

CEPHALIN

QUDTHM PARA-TOLUEMESULFOHATE

PUTASIIUM SOAP

ORGANILC ACLIDS

SODIUM SOAD

TRICHLORUBENZENE, 1,2, 8=

FOTASSTUM PHOSPHATE, TRIBASIC

SORBITAN HMONDOLEATE

HETHYLHEXANE, 2=

METHYLHEXANE, 3-

TRICLOCARDAN

ETHYLENEDIAMINETEYRAACETIC ACID, DISODYUM SALTY
ALKYL DICHLOROBLMNZYL OIMETHYLAMMONIUM CHLORIDE
AMINU=5 %, 6=TRICHLORDPLICOLINMIC ACTD, #-

ZIHC CTYHYLENEBIS(DITHIQCARBAMATE)

TTHC NAPHTHENATE
DUS(CHLDROPHENYL) =2, 2, 2=TRICHLORO ETHANOL, 1,1=

COSUPERPHUSPHATES

SILILA, AMORPHMOS FUSED
BARTUM PHERATE !
PHENNL LG COMPUUNDS

DATE 00/09/79



vT-3

HaZ
COPL

nolAg
aurar7
90214
nolal
Bo22a
802381
no2iyg
Ba2ua
npo2ny
802%2
B024h9
fiecee
BO270
80298
go2a9
8032%
nasaer
80329
80349
B0371
00878
aoall
Hoagzs
00434
00467
so4a88
80517
80509
H059%
80602
80611
Bo6TS
86Q800
ROB 3O
BOL6HO
807900
810790
aro80
012580
81435
01651
81063
81670
81679
8183
81711
“1713
81720
B17TYS
8174n7
81769
841810
218499

CAS NUMBER

025322683
0077458023
000051036
000064028
007722885
000057130
025167800
007718187
050124309
000598630

0150070611
000087691
noy1309ap
ooisn3a0n

apuovo1l7y

014882109
00185579

00866842
0013347139
000120014
000540215
007320345
007727431

000311009

009006657
249805853
13706662

009036195
0100281906
00173718206

001317391
0n76B1L10

000123773
000635654
010124375
012049502
000056951
0101350002
000110270

i,

2y

12,

2y

2,

12,

ESTIMATED
PEOPLE
EXPUSED

oal
ne
588
ins
647
A
e
5
5868
12
12
ne
36
168
12
12
12
655
67
12
588
12
655
655
65595
12
12
1e
12
647
cu?
928
281
659
647
659
168
12
586
12
659
6,71
302
168
12
12
374
655
12
1jef
655
12
655

GUATERLY HAZARD

SUURCE OF
exe,
ACT TRN GEH QCCS

16

2

—

— Py P

SUMMARY REPORT

CHEMICAL MAME

POLYETHYLENE GLYCOL ETHER
POTASSIUM BROMIDE

PIPERDHYL BUTOXIOE
ETHYLENEDTAMINETETRAACETIC ACID TETRASUGDIUM SALY
SODIUM PYROPHOSPHATE, TETRA
UREA

CHLORUPHENCL

CALCIUM BULFATE

CADMLUM SULFATE

LEAD CARDUNATE

AMMUNTUM PHUSPHATES

ALUMINUM POTASSIUM SULFATE
TARTARIC ACID

MAGHRESIUM UXIDL

MAGNESIUM JILICATE

COTTONSLED

F1SH MEAL

HURMUNES

CELLULDSE, CARBUXYMETHYL ETHER
BUNE MEAL

BISMUTH SUASALICYLATE

FERRIC AMMONIUM CITRATE

BILE

PEPTONIZED IRON

NUCLEIC ACIDS

POTASSIUM CITRATE

SODIUM BURATE

S500IUM METHOXIDE

LACTIC ACID

DIPHOSPHORIC ACID, YETRAPOTASSIUM SALT
DARIUM SULFATE

PERFUME

AMESTHETIC

BROMACLL

SODIUM PHUSPHATE, TRI, CHLURINATED
DINMETHICONE

FOLYVINYL ACETATE ACKRYLIC RESIN
POTASSIUM FERRICYANIDE

Aok x [NVALID«HAZ~CQUE » n &

DATE 04/09/79

POLY[OXY=1,2=~ETHAMEDIYL), ALPHA=((1,1,3,3=-TETRAMETHYLBUTYL)PHENYL)Y=0GMEG

DZONE

SUDLUM SULFATE
FERTILIZER

CUPROUS OXIOE

PUOTASSIUM TODIDL

DRIER

AZOBLSFOURMAMIDE
BILIRUBIN

CALCIUM NITRATE

CALCTIUN TITANATE
CHLORUHEXIDINE DTACLTATE
FERRIC ANMOMIUM SULFATL
ISOPRUPYL MYRISTATE



ST-3

HAZ
CHLE

aagin
BYZ2N
Ll REN
baazs
DHGUD
Baynn
Baasn
BaiLS
fadqio
44413
HE TR
HURRY|
dasae
nasuh
Qaha2
ansot
81620
AyTsA
B47H9
Barol
Ba7in
4603
G084 0
908520
Y0530
90340
20500
0S990
90610
0030
20610
Q0670
90758
0760
90030
08LO
9080
10950
21095
1118
91120
91160
2120
921415
221460
92220
9255
G200
92200
2290
n22q
Q240510
2074

CA8 NUIMIER

BOTa87T9N7

000597346
Blatinhrng
007647101
000107924
0077804065
Bo0iuadhoe
DLogw9/q8
pLotony2
B000ADSLS
000% 065122
BOJ4nk 02

000093721
BO0%6602
DOEL1IO1A0
B07803498
og1iLrize
000759904
601532214
008052421

BoY302TU9

posoerinhe

DOTHL9890

ESTIMATED |
PEOPLE
EXPUSED

12
bh"
12
200
$b

1e

12
649
2, 540
12
2roHi
12

12
168
6ty
65
2508
L4
)
12
hity
659
12
160
2yl
12
eh?
12

12

12
24000
bl
b59
12
054
ic
a7
[
12
9h2
%9
2rh04
Tor
12
293
il
his
bol
14
2080
toh
Sl
rnlii

QUATERLY HAZARD

SOURCE QF

EXP, EST, NU

ACT TRN GLCN DCCS

—

T

T ]

SUMMARY REPORT DAYL

CHEMICAL NAME

MERCURYIC CHLORIDE

COOALT OXIDES

w & INYALID=HAZ=-CHODE * & *
ZINC ACETATE

AMMONTUM SULFIDE

PALLADIUM CHLORIDE

BUTYRIC ACID

SODIUM ARSENITE

NATIAM

LEAD NITRATE

CADMIUH CHLORIDE
DIMETHDATE

CTHION

LEAD SULFATE

POLYALKYLLNE GLYCOLS
TRICHLOROPIENOXY)PROPIONIC ACID, 2-(2:4,5=
C.l. 42000~08AS1C GREEN 4
METHUOXY~4,6~BIS(ISOPROPYLAMINO)~SYM= TRIAZINE, 2=
* % & INVALID=-HAZ~CODE % & A
HYDROXYLAMINE

FERROUS SULFIDE

ETHYL DI=N,N=PAROPYLYHIUCARBAMATE, S-
ASHESTOS

ASPHALY

LHUKGANLC BARIUM CDMPOUNDS
BENTONLTC

CHLORIMATED HYDROCARRDWS
CLAYS

COAL 'TAR

INURGANIC CUBALY COMPUUNDS
[HORGANIC COPPER COMPOUNDS
CYCLOALKANES

LSTERS

ETIERS

FLUDRINE COMPOUNDS

FREUNS

GASULINE-LEADED
GLUE-RUDBDER BASE

1RUM

OlL, FUFL ND, 1

KE FONES

INORGANIC LEAD COMPOUNDS
BRAKE FLUID

CATALYST

ce

DEGREASER

DETERGENT

DIATHNFECTANT

DUPLICATOR FLULD

DYLS

EMULSTFTER

FUNGICIDE

GREASE

Das09/79



aT

HAZ
CONE

22500
72%2%
2545
2570
22630
2650
12670
2675
2685
2750
22760
92770
92815
12099
210
722980
23050
42290

ESTIMATLD
RIECS PEUPLE
CAS HUMBER HUMBER EXPOSED

168
36
3,327
559
160
12

12
667
2s241
12

b
168
12

12
LY ¥
12

I2
1,152

QUATERLY HAZARD
SUURCE OF

ExF, EST, MO
ACT TRN GEN 0OCCS

1

[a®)
=

SUMMARY RLPORT

CHEMICAL NAME

OIL, HYDRAULIC

INK REMOVER
INSECTICIDE

MEDICINES

PAINT

PAINT THINNER
PHUTOGRAPHIC CHEMICAL
PHOTOGRAPHIC DEVELOPER
PLASTICIZIIR

PRIMER

INK, PRINTING
PRUPELLANT=AEROSUL
ACCELERATOR, RUBBER
RUST INHIBITOR
JOLVENT

KRETTING AGENT

ENZYMES

RGODS

DATE

0a/09/79



"Red Book" Summary Report
in Hazard Description Order






-2

S}

189814

E

a5ed By

UBig

¥

HAZ
Cang

11605
Ayaua

CALAGH

A1S9t
129490
00608
RELE 4
1311
Ho397
2350%
MOOR]
HoOOL
25000
ALRnQ
ALRD|
f1ena
82059
77155
3a2n1
42410
BY759
Tihan
73254
BOORY
Busry
8Ol 08
43210
92ha%
01568
Deaeo
03298
Ha&6Ha
[RET]
0395
BOOLA
8OO 39
MOz 50
80099
HO3AK
HORR9
1oson
Alb20
Bi7ng
ALK
AL
HotsH
aa2n0
Al
04300
04605
EF
HOHD
Hoo1?

CAS HUMBER

000Q6d19T
000067T6UL
0000748062

000107131

00006ULETY

poBoII6l2

0oDLU7 180
aa7an67a0
Go1lugnul
a15007611
000637127

ESTIMATERD
PEUPLE
EXPOSED

RTECS
HUMER

209
[0
H%9
2y6le
X407
12
i
12
851
683
Lhs
36
12
12
{2
AT
2,548
12
659
34
617
2,588
851
&47
12
261
2,088
12
679
374
12
168
2,672
12
(%]
Ty
i
201
8145
l")a
1u8
b7
12
hit
815
Lt
174
LT
09
a4
6%
[iR:]

l:f f!”tl

DUATERLY HAZARD

JOURCE OF
£XP, E&T, NQO
ACT YRH GEN OCCSH

| !
12
2 1
12 2
2 8
1 3
| e
{ 2
1
1
1
1 !
3
1 {
3
1
2 a
1 !
|
2
1 ! 2
{
|
2
]
1 2
|
2
|
|
3
!
{ 2

SUMMARY REPORT

CHEMICAL HAME

INVALID~HAZ-CODE
INVALID=HAZ=CODE
INVALID~HAZ-CODE
THYALID>HAZ=CUDE
IMVALID=-HAZ-CODE
ITNVALID=HAZ-CODE
INVALID=HAZ=CUDE
INVALID=HAZ-CODE
INVALID=HAZ-COBE
INVALTD=HAZ-CODE
ITNVALID~IAZ~CODE
INVALYD=HAZ=CODE
INVALID=HAZ-CONE
INVALLD-HAZ=CUDE
INVALID=HAZ=-CODE
TNVALID-HAZ=CODE
INVALID=HAZ=-CODE
INVALID=HAZ~CODE
THYALTD=HAZ-CODE
[MVALYD~HAZ~CNDE
INVAL)D=HAZ=-CODE
ENVALTD-HAZ-CODE
TNVALTD=iAZ-CONE
INVALID~HAZ~CODE
INVALID~HAZ~CANE
INVALID=HAZ=CODE
eox ox INVALID~HA2Z-CODE
ACCELERATOR, RUBBER
ACETIC ACID

ACETONE

ACETYLENE

ACRYLIC EMULSION RESIN
ACRYLONITRILE
ACTIVATED SLUDGE

ALR FRESHENER

AJAX

ALCOHOL

ALEPHATIC HYDROCARDONS
ALKANES

ALKENLS

ALKYD RESINS

ALKYL ARYL SODIUM SULFONATE

ALKYL DICHLOROQBENZYL DIMETHYLAMMONTUM CHLORIDE
ALKYL PHEHOL POLYETHYLENE GLYCOL ETHER

ALKYL STYRENE POLYMERS

ALKYLARYL SULFONATE :
ALKYLDEMETHYLBENZYLAMMONTUM CHLORIDE
ALKYLPHENYL POLYETHOXYETHANOL

ALLYL ALCOHOL

ALUMINUM CHLORTDE

ALUMINUNM LUXYDE

MUMINUM POTASSIUM SINLFATL

ALUMINDN STEARATE

B % X e B O W B R N R W R K R X F BT R BT N X
* X ¥ B E ¥ N W F X E T R OE N F T o BB RN e ®
* F ¥ X F * X F R F E R FERE KRR R E
%* ¥ X F B X ¥ X FP F X F T F I R SR X
})‘}!lllll:;-ik}l)llil»:-i]-’-l—}l—
X % 3 » ¥ X > F > ¥ ¥ % ¥ F ¥ * ¥ > ¥ F > N % B F ¥ ®

DAYE 047097719



0Z-3

HAZ
copr

U620
AL4S8
ao177
u3i7ne
ALdns
05250
M3257
Aldnz
05279
MOuo7?
Q6405
06163
06175
a02s59
Aroi7
Ale3e
801%n8
faang
MifoO7
80800
06500
07310
Ald3s
Aog27
80094
075045
07%55
07470
03190
90320
81713
Alot
ALUn0
ni6an
M2e29
aa1va
80611
90340
nan7To
10210
11055
ALOSO

00425

Ni726
12068
n37a3
AD37H
12na9
ALASH
MOATY
ani37til
12960
2120

CAS HUMBER

010045013

001918021
000055785
0076004917

009005349
012125029

001336216
nosands22
007727540

009080175
812794955
007783202
012135761
000121255

0080077038
0074403560
001345044

07400382

Q01327583
001332214
008052421
000123773
008029294

0ons18779
0026784114
0077274937
001302789
000071432
000065850
000741582
000635654
00Rils322

0lanal 189
400080057

H100a3353

2,

2s
2y

ESTIMATED
PEUPLE
EXPUSED

655
107
12
751
12
659
12
12
12
12
6
708
12
12
508
12
108
36
12
281
374
699
683
216
12
61t
Ist
56592
12
j68
374
659
6n7

815
815
oy7

ie
281

659
659
655
695
655
672
248
iar
12
12
12
24
jol?

QUATERLY HAZARD

SQURCE OF

EXP. EST. NO

ACT TRN GEN OCCSH

6 1

2

1

2

1 i

8 i

1

s

10 P

3

2

1

1

!

2 1
S

t 2

2

|

2 1

1

L

i t

2

1 1

1

SUMMARY REPORT

CHEMICAL NAME

ALUMINUM SULFATE

AMINE S0OAP

AMINES
AMINO=-3,5,6~TRICHLOROPICGLINIC ACID, o8-
AMINOPHENOL HYDROCHLORIDE, PARA-
AMMONT A

AMMONIATED SUPERPHOSPHATE
AMMONTUM ALGINATE
AMMONTUM CHLORIDE
AMMONTUM COMPOUNDS, ORGANIC
AMMONIUHM HYDROXIDE
AMMONIUM NITRATE

AMMONTUM PERSULFATE
AMMONTUM PHOSPHATES
AMMONTIUM PULYSULFIDE
AMMONIUM SILICATE
AMMONIUM SULFATE

AMMON]UM SULF1DE

AHPROL TUM

ANESTHETIC

ANISE OIL

ANT IMONY

ANTIMONY SULFI]DE

AROMATIC HYDRUCARBONS
AROMATIC SOLVENT

ARIENTC

ARSENIC OXIDES

ARSENIC TRIOX)DE

ASBESTUS

ASPHALT

AZOBISFORMAMIDE

BANDAME

BARIUM ALKYL PHENDLATES
BARIUM CARDONATE

RARTUM PETROLEUM SULFUNATE
BARTUM PHENATE

BARTIUM SULFATE

BENTONITE

BENZENE

BEWJOIC ACID

BERYLLIUM OXIDLCS

BETASAN

BILE

BILIRUBIN

RIOLOGICAL SURSTANCES
BI3(CHLOROPHENYL)=2,2,2~-TRICHLOR} ETHANOL,
BISMUTH SUBSALICYLATE
GISPHENOL A

BLOUGD MEAL

BOILED LINSEED OIL

BONE MEAL

BORIC ACID

ARAKE FLUID

1rl-

DATE 04/09/79



(RS

1Al
conc

13029
Do s
Hoa20
13050
13900
A1590
1UH380
2927
ALSHD
anasi
AMOOD
Bauen
MOLAY
1RST0

Ba4aTh

4650
Ro2uay
Aldaod
Albhd
15730
H2R6S
15743
15740
817534
157055
HOAZY
REGEY
heset
noz2af
nr7sy
Thbls
17567
tTHOLO
174490
A1l
Hi030
HaA6 S
921135
92160
unsia9
ainal
Al
Tunll
q0%00
ALdny
13070
81769
Hraz
BO2sn
Binra
Raase
19025
1 26hn

CAS HUMBER

000310009
sono748LY
0000713563
BUOBTUIES
booltabet
000128841

025265752
ano107924

00N569642
MaL345067
007840939
010100 Lu2 .

010124364

000156627
000592018
00130%420
QO7TTDNHS
010124375
001305784

HaS793040

007778149
pi20495%02

Ho012431892
No0630080
Neons62is
0004863790
POBBO§TIY

ogannoLLy

TLYELIRN
oou056951
PO0DT6HES3
0aU1670010
HD0TI5H97 0
pyordaront

0007171920

CESTIMATED
PEOPLE
EXPUSED

RTELCS
NUMBF R

1é
659
260U
AS1
659
2672
12
X%
107

12
B15
615

Elf)“q
Yy
1oh
[
B1S
459

3319

12
707
107

12
293
647
555
[

1,399
647
164

{12
6455
%6

12
{4l

12
6l

60

NUATERLY HAZARD SUMMARY REPORT

SUURCE OF
EXP, E8T N}
ACT RN GCM 0OCCS

t

4 2

1

i

132

CR

|

1

1

1 t

1 1
5

1

22

1 2

1 2

a2

1

!

2

{

a3

1 |

i 1

1

¥

W2

10

2 1

i

1

1 2

2

CHEMICAL NAME

ARASS, OXIDES OF

RROMACIL

BROMOME THANE

BUTANDL

RUTANONE, 2=

BUTOXY~BETAY=THINCYANDDYEYHYL, FTHER, BETA-
NUTYL ACETATE

BUTYL~ LAURYL=~ STEARYL+ AND DIETHYL AMINOETYHYL METHACRYLATES
BUTYLENE GLYCOL

BUTYRIC ACID

RUTYRONIC ACID

C,l, 42000-BA51C GHEEN 4

C,1, 77115=PIGMENT WHITE S

CADMIDH

DATE 0u/0%/79

CADMIUM
CADMIUM
CADMIUM
CALCIUM
CALCTUM
CALCIUM
CALCTUM
CALCTIUM

CHENRIDE

OXTDES

SULFATE

ALKYL PHENOLATES

AMMONTIUM NITRATE SOLUTION

CYANAMIDE
CYANIDE
HYDROXTDE

CALCEUM HYPOCHLORITE
CALCIUM NITRATE

CALCIUM OXIOF

CALCTUM PETROLEUM SULFUNATE
CALCIUM PHENATE .
CALCIUM 30AP

CALCIUM SULFATE

CALCIUM YITANATE

CARBON ARC LAMP GASES
CARBON DIOXIDE

CARBON MUNUXTDE

CAHNON TETRACHLDRIDE
CARBONIC ACID

CASTUR (ML

CASTOH OIL S0AP

CATALYST

cc

CELLULOSE, CARBOXYMETHIYL FETHER
CEPHALIN

CERAMYICS

CGAS

CHLLORIMATED HYDROCARBUNS
CHLORTNATED PHENDLS
CHLOROACETIC ACID
CHLURCEXINIHE DUACETATE
CHLOROPENTAFLUNROETHANE
CHLUROPHENRDOL

CHROMIC ACTD, LEADCZ+) BALT (1:1)
CHHOMIC POTASSTUN SULFATE
CHROMIUM OXIDES

CIIRIC AC1D



¢¢-d

HAZ
CODF

90590
20610
AjdaR
19769
19770
84328
o779
M2606
Po0610
20119
20170
agoi8
a0%25
20810
at679
MO3?|
20690
21190
21960
827359
M2824
2220
92255
23660
Al69s
20003
214006
24095
73750
24130
2423y
47270
24270
AL699
24429
2461%
800146
255414
M2aens
AO00
Bania
Atgao
Aldby
AL707
HOGLOZ2
2260
M3iz4g|
80165
apoLY
BL7il
2280
52290
Mo539

RTECS
CAS NUMBER NUNBER

aQB007452

007440484

o0B040%1L1

0074490508

015096923
001317391

noojion27
000108930
0002087923

000106934
0000793509
000095501
000106467
000075718
0530486189
000107062
000075434
000075092
0Q00207%7
000709784
onL32o372
000111422
000121755
000111466
0024250614
009006659
000060%15
001759586
003687227
002873998
007320345

00o0jaucis
0163872481

ESTIMATED
PLUPLE
EXPO3ED

12
12
12
12
12
659

374
1,008
12
671
2,241
12

12
{68
{92
¥4
647
192
X ¥
647
647
#15
2:,612
2,508
§2

12
204
2,672
3,319
055
293
751
657
168
683
2+672
707
2,550
699
72
&47
21612
12
6al
6ol
659
12,290

12

16
2,696
1o7

QUATERLY HAZARD

SOURCE OF
Exp, EST,

NOD)

ACT TRM GEN DCCS

Ll Y]

— e v [\ e me m (\J sme aee A N PO

SUMMARY REPURT

CHEMICAL NAME

CLAYS

COAL TAR

COALESCING AGENTS

COATING

COBALT

COHOBALT OXIDES

COCONUT DIETHANOLAMIDE
COCONUT OIL 30AP

CONTINUOUS NOISE

COPPER

C{OPPER OXIDNES

CORRECTION FLUID

COTTONSEED

CRYOLITE

CUPROUS OXIDE

CYCLIC HYDRUCARBUNS
CYCLOALKANES

CYCLOHEXANME

CYCLODHEXANOL

CYCLOPEMTANE

C6~C9 ARUMATIC HYDRUCARBQONS
DEGREASER

DETERGENT

DIBROMOETHANE, 1,2~
DICHLORO-4~NITROANLILINE, 2,6~
DICHLORUAMENZENE, DORTHO=-
DICHLORUBEMZENE, PARA-
DICHLORGDIFLUOROME THANE
DICHLORUDIPHENYLTRICHLOROE THANE
DICHLOROETHANE, 1,2=
DICHLOROF LUOROME THANE
DICHLUROME THANE
DICHLORQPHENDXYACETIC ACID, 2.,4-
DICHLOROPROPIONANILIDE
DICHLORDTETRAFLUORDETHANE
DIETHANOLAMINE

DIETHYL MERCAPTOSUCCINATE, 0,0~ DIMETHYLDITHIUPHOSPHATE OF
DIETHYLENE' GLYCOL

DIFULATAN

DIMETHECONE

DIMETHOATE
DIMETHYLCYCLOPENTANE, TRANS=],3~
DINITROCI=HMETHYLHEPTYL JPHENOL
DIPHENYL DIODDECYL SILAME
DIPHOSPHUORIC ACID, TETRAPUTASSIUM SALT
DISINFECTANT

0130D1UM METHYLARSONATE
DOLOMITE

DRATN UPERER

DRIER

DUPLICATUOR FLUID

DYES

DYLS AND PTOMERTS

DATE 04/09/7%9



£€¢-3

HAZ
Cone

92320
20855
280080
ALTL4
Q3060
HOXOY
AlTlb
90750
29930
antao
52
Jthr0
31500
sanoi
32590
2990
12305
ALTLY
13790
Bnaas
B36a}
62800
ALTL13
HMo3a7
Aaxr7
MO21H
33015
80413
Hinio
13100
HOdod
8700
A1670
BN
go0s827
GOBIN
ALT32
13595
Y3640
13120
908060
2450
QOAR0
90930
Y50H8
LR
1¥36b
B2070
319507
MubPT
AL7uq
faoay
AT

CAS HUMOER

000115297
nooLas7ss

0001346254
00uiilyag

000563122
000tai7086
0000haY1 1S
N00759904
0oo0bLn277
0p0e7IntLoY
0001072114
00900292008
008079016
DODAHLYO2H
000139331
007379284
002514536
Q00117017

GO EASSTS
alol3song
10770450840
ELUEYIN
ao13trsre

aLusd223s
A000HO000
Gan0o6aLNG

0000L6NLS

DnTIRZURY

GOe0B0Y3T
OoatsS16tl

. RTECS

CESTIMATED
PLORLE
NUMDER LXPOSED

168

¥4

2,672

659

12

23660
683
12,362
659
12
659
12

12

24

[N

12
2,588
LXK
L3
0n

12
2yl
2r6iyi
LAY
14

12
2an1

12

RUATERLY HAZARD

SUURCE OF
EXP, EST, NO

ACT IRI GEN OCCS

1

-
.

N
Lo g =

L]

16

—_— Dy P =

P rornd

SUMMARY REPORT DATE

CHEMICAL HWAME

EMULSIFIER

ENAMEL

ENDOSULF AN

ENDOTHAL

ENZYMES

CPOXIDES

ERGON

ESTERS

ETHANOL, 2~BUTOXY-

ETHERS

ETHION

ETHYL ACEVATE

ETHYL ALCOHOL

ETHYL DI“N,N<PROPYLYHIOCARBAMATE, S=-
ETHYL ETHER

ETHYL SILICATE

ETHYLENE GLYCOL

ETHYLEME OXIDE COMDENSATE
ETHYLEME, TRICHLORO=-
ETHYLENEDIAMIMNETETRAACETIC ACID TETRASODIUM SALT
ETHYLENEOTAMINETETRAACETIC ACID, DISODIUM SALTY
CTHYLEMNEDIAMTNETETRAACETIC ACID, SODIUM SALT
ETHYLENEGLYCOL AISCTRICHLURUACETATE)
ETHYLHEXYLY PHTHALATE, DI15(2-
FATTY ACID GLYCERIDES

FATTY ACIDS

FCLDSPAR

FERRIC AMMONIUM CITRATE

FERRIC AMMONIUM SULFATE

FERRIC CHLORIDE

FERRIC DIMETHYLDITHICGCARDAMATYE
fERRUUS SULFIDE

FERTILIZER

fFILLER COMPOUND

FI3H MEAL

FLUORINE COMPOUNDS

FLUGROLUBE OILS

FLUDISPAR

FORMALDEHYDE

FORMIC ACID

FREOUS

FUHGLICTIDE

GASULITNE~LEADED

GLUE«RUBHER HASE

GLYCEROL

GOLD CHLORIDES

GRAPHITE

GREASE

GRINDING WHEERL DLUST

[HUER

HALAZONE

HALDITHARNE

HEAVY MLTAL STEARATES

au/09/79



ve-J

HAL
£Ong

35960
AlS72
36060
80050
A1752
36710
169955
37630
AF137
ALTSS
003z
o720
38580
3A6N5S
ALiiG
Xabas
gaing
PoaLo
92525
927H0
Hotqa
#0038
90330
Mot dy
HO06 S
a6 l0
0640
Hoow9
91160
npliz
anoes
AN91S
MOO97T
MOT04
00060
92545
40030
AlT6i
9100S
H1463
40297
G404 30
4o910
negny
ao98a7
B1H5%
ni77s
1120
42354
80594
BODG
Mi196
agna9Q

CAS NUMBER

000076448
000956229
000142825

000070504
000110543
00010745
000051741

007647010
007722841

007803498

007553562

007439896

6000708831
D000TASTY
0001082310
009067630
000§L0270
coLisesny

000050215
00RQ06540
0ono1a2789
007439921

ESTIMATED
HTECS PLOPLE
NUMBER EXFOSED

26014
gr672
64l
6059
671
2,962
647
707
-3
12
655
655
36

12

12
1,374
12
674
36

aiai
CL: )

QUATERLY HAZARD

SUURCE OF
EXP, EST, KO
ACT TRN GEN 0OCCsS

AV

19

n
DO e

n
w
-~

(% ]
Ll R~

SUMMARY REFPQRT

CHEMICAL NAME

HEPTACHLOR
HEPTADECYLIMIDAZULINE ACETATE, 2-
HEPTANE

HERBICIDE
HEXACHLOROACETATE
HEXACHLOROPHENE

HE XANE

HEXYLENE GLYCOL
HISTAMINE PHOSPHATE
HOUF +HORN ME AL
HORMONE S

HUMAN SERUM

HYDROGEN CHLDRIDE
HYDRUGEN PEROXIDE
HYDROGENATED NAPHTHAS
HYDROQUIMONES
HYDROXYLAMINE
INFRARED RADIATIUN
INK REMUVER

INK, PRINIING

INQRGAN]C
EMORGANIC
INORGANIC
INORGANDC
INUHGANIC
INURGANIC
INORGANIC
INORGANEC
INORGANIC
[NORGANIC
INORGANIC
INORGANIC
INORGANIC
INORGANIC
INDRGANIC
INSECTICID
FOOINE
LODUPHORS
IRON

ACTS

AMMONTUM COMPOUMDS
BARIUM CUMPOUNDS
BORON COMPOUNDS
CHROMATES

COBALT COMPOUNDS
COPPER COMPOUNDS
1RGN CUOMPOUNDS

LEAD COMPOUNDS
MAGNESIUM CUMPOUNDS
MANGANESE COMPQUNDS
MERCURY CUMPOUNDS
MOLYBOENUM COMPUUNDS
PALLADTUM COMPOUNDS
PHOSPHATES

E

IRON OXIDE, RED
[RON OXIDES
ISOBUTyYL ALCOHOL

I SOPHORONE
IGOPROPYL ACETAIE
ISOPRUPYL ALCOHOL
ISOPFROPYL MYRISTATE
KAOLIN

KETONES

LACOUER THINNER
LACTIC ACID

LANULIN

LARUYL ETHANOLAMIDE
LEAD

DATE 04709779



5¢-2

HAZ
CIDE

30252
AYZ2OT7
HO125
800735
426845
Bas6
Hot2h
MO751
0931
ALTIG
81070
anian
A3860
aoawn
43390
noa9y
ALTHS
HHD0D
QB30
annss
MOB4Y
92590
na21n
45515
HOA TS
ALESG
N2 50
LR A
46210
w191
37510
47030
82943
B350
83530
829960
HO60Y
80056
N86201
A0
dani0
MO bR
47800
HMOGHY
50420
50495
50742
A1a23
S00065
SORTS
51118
80467
51706

CAS HUMBER

000598630
001319466
aglit7ied
ai0o99ya

007446142
001314418

0000%4099
NO0330h%2

0005469350
an7T86303
00130%404

001343060
Br2a27i62
DG7439965
norsrsLse

no7abroar

000007561
001610100
00naT2H3S
000055550
000108101
000108872
000092063877
000591764
an0s89394
agouvnlag
DONB20E 4D
001517339

08210631806
OO0 HAST L
0080303060
000063252
polstinge
007440020

067697872
027896840
407121819
nLoolagre

o0 EILnY

ESTIMATED
PEOPLE
EXPUOGLED

RIELCS
NUMBER

2,584
647
12
12
12
59
12
12
t60
67
156
uhh
XY

QUATLRLY HAZARD

SUURCE OF
£xp, EST.  NO
ACY TRN GEN OCCS

1
1

o
2 1
!
!
b t
1
1
2
1 2
1
{
1 2
o
| 5 7
1 2
!
1 1
1

1
{ 1
l
1
i

SUMMARY REPORTY

CHEMICAL NAME

LEAD CARBDNATE

LEAD CARBONATE, BASIC

LCAD MUOMUXIDE

LEAD NITRATE

LEAD DXIDES

LEAD SULFATE

LEAD TETROXIDE

LEADED Z1INC UXIDE

LYNDANE

LIHMUNON )

LYTHIUM GREASE

MAGNESIUM CARBOMATE

MAGHESIUM CHLORIDE

MAGNESTUM OXIDE

MAGNESTUM OXIDE3

HMAGHESIUM SILICATE

MAMEN

MANGAMNE SE

MANGANESE DIQXIDE

MANGANE SE OXIRES

MARDLE

MEDICENES

MERCURIC CHLORIDE

MERCURY UXIDES
MERCURY~COMTAINING DRGANOMETALLIC COMPOUNDS
METALLIC BDAP :
ME THANDL

HETHOXY -4, 6~BISCISOPRUPYLAMINU) ~SYM= TRYAZINE,
METHOXYCHLOR
METHYL=PARA=AMINUPHENOL SULFATE, PARA-
METHYL~2»PENTANONE, 4~
METHYLCYCLOHEXANE
METHYLCYCLOPENTANC
METHYLHEXANE, 2+

METHYLHEXANE , 3~
METHYLFENTANE, 3=

MIBERAL (IL

HOLYBPENUM DISULFIDE
MOLYBDENUM OXTDES

HONOSUDTUM ACTD HETHANEARSOMATE
NAHAM .
MAPHTHA

MAPHTHYL M=METHYLCARBAMAYE, 1=
NCODYMIUM OXIDE

MICKEL

MICKEL OXIDES

MITRIC ACIO
NITRUBEMZENEIMIDAZOLE NITRATE, &=
NITROGEN

HTTROGLY OXIDES

HITROUS UX]DE

MUCYLELC ACIDS

UCAAME

DATE 064709/79



9¢-J

HAZ
cont

9115
72500
80053
52138
52141
52142
52143
80096
M0542
52145
52190
A3525
Aldb2
52400

Alohl

92650
2650
Raaq8
Ap238
NDG00
53900
60713
Modde
54160
ag1m
An4aly
40182
806TS
Bo109
Ma2aQ
112829
780059
A1822
fia1ne
Bnin3
S5T740
M1966
58520
8engo
nesr7
23360
59162
2670
92675
80117
59173
594465
00061
ALRSS
80c1A
ALNDZH
268y
1t W

CAS NUMBLR

000112801

000144627
030028156

0076457101
oonou9yTs
008002742
0od685147

000082608
000087865
007601903

008009038

0078035512

0076064302
001550785
000062737
000353915
001314803

2048002093
003478942
N0o0S510%56

0074100064

ESTIMATED
R1ECS PEOPLE
NUMNER EXPOSED

952
168
160
803
815

72
639
386

60

12
647

647
48
659
168
12

12
655
1
659
X1
2,588
2:672
655
655
12
928
374
192
3,507
16

12

12

ie
659
655
1,403
12
2,678
2,672
647

667
1Y)

2,409

152
2548
2¢98H

2,241
12

QUATERLY HAZARD

SOURCE OF
ExP, EST, NO
ACT TRN GEN UCCS

_
- B e e

5
!
1
1
14 1
1
1
3 1
2 2
1
1
1
1
3 4]
1
i 1
4
4 2
1 2
P4
s
1 S
3
5 1
| 1
3

SUMMARY REPORT

CHEMICAL NAME

OIL, FUEL NO, 1

OIL, HMYDRAULIC

OIL, LINSEED

UIL., tuBE

UIL, MUTUR

OIL, UTHER

OIL, PENETHATING

OQILS, E3SSENTIAL

0ILS, PETROLEUM-DERIVED
UILS, VEGETABLE '
OQLEIC ACID

OHGANIC ACIDS

ORGANIC BORATES

OXALIC ACID

OZONE

PAINT

PAINT THINNER

PALLADIUM CHLORIDE
PANCREATIN

PARAFFIN

PARAQUAT

PC-GL
PENTACHLORONITRODENZENE
PENTACHLOROPHENDL
PEPTONE

PEPTONIZED IRON
PERCHLORIC ACID

PERFUME

PETROLATUM

PETROLEUM OIL

PETROLEUM SPIRITS
PETROLEUM SULFONATE

PH INDICATOR

PHEMOLIC COMPOUNDS
PHENOLIC RESINS
PHOSPHINE

PHOSPHOLIPIDS
PHOSPHORIC ACID
PHOSPHORIC ACID, TRITOLYL ESTER
PHUSPHORIC ACID, 2,2-DICHLOROYINYL DIMETHYL ESTER

DATE 04/09/79

PHUSPHORUIHIOIC ACID, O,0-DIETHYL (O={2~I1S50PROPYL-6-METHYL=-d-PYRIMIDINYL

PHOSPHORUS PENTASULFIDE
PHOTOGRAPHIC CHEMICAL
PHOTOGRAPHIC DEVELOPER
PHOTOGRAPHIC FIXER
PHOTOGRAPHIC PLATE CLEANLR
PIGHMENTS

PINE 1L

PIPERALIN

PIPERONYL HBUTUXIDE
PLASTIC THICKENER
PLASTICIZER

PLATINUM



()
N

Az
cope

PO&61S
81435
RS 62
052§
#2109
aapng
02797
d1oay
Ato70
AL459
a7
FURLY
40370
aoqdad
BOOBLY
Biono
H0ina
dtonl
B1951
B004Y%
60490
61953
N345y
G293
84325
HO540
60U 20
L0570

. 82253

n2i17¢
ALA3S
2750
aoL7e
9270
L2060
61525
Mes3y
Bathe
A5070
6080
HbdnNs
MlzZ2bt
LY R R
ta7ant
BG4
BiH30
131045%
AR
LYMRY,
Mty 310
CRILL
ALithi
HIORN

CAS MHUMBER

008077201
009036199

002003296

025322683

0249804085

007750023
ooraaTNgl
007789006
auoRLGLHY 2
Q0778509
a13ranhb2
001310583
6oToBL11LD
0005835248

Q07722647
aeliz2reit
0077705352
001312761
008046740
007716005
010075537
0ON133200
013845360
035471499

000079094
Q00057050

npnooi3ay
rooltobot
011808607

Q0700160
0aR050097
naonni3Tad
V61TAT960

QLoGHRn
onnoaral

ESTIMATED
RTECS FEUPLE
NUMHER EXPUSED

1r135
12
647
By1S
12
1,081
815
655
{64
107
12

12
2,568
12

i

12
1,314
12

12
720
12

24
374
12
2,604
6495
[
je

i
659
B15
1e

te
168
12
719
[
2]!)72
2,672
201
12
Hhh
ons
12

0a
2,012
1a

1e

12

12

L2

[

i2

QUATERLY - FIAZARD

SOURCE DF

EXP.

EST.

NL

ACT TRN GEN OCCS

10

T — [aV 2 ERL g ¥ — Py LSV ¥

SUMMARY REPORT

CHEMICAL NAME

PN

DATE 04/09/19

POLY(UXY =1, 2«ETHANEDIYL) » ALPHASC (1,1, 3, 3=TETRAMETHYLBOTYLIPHENYL ) ~UMEG

POLYALKYLEHNE GLYCDLS
PULYUUTENE

PULYETHOXY POLYFROPOXY POLYETHOXY~LODINE CUMPLEX

POLYLTHYLENE GLYCOL ETHER
POLYMETHACRYLATE RESIN
POLYPEPTONE

POLYVIMYL ACETATE ACRYLIC RESIN
POTASH SUAP

POTASSYUM BROMIDE

POTASSTUM CHLORIDE
PAOTASSTUM CHROMATE
POTASSIUM CITRATL

POTASSIUM DICHROMATE (VI)
POTASSIUM FERRICYANIDE
POTASSIUM HYDROXIDE
POTASSTUM TUDIDE

POTASSIUM OXALATE

POTASHIUM OXIDES

POTASSTUM PERMANGANATE
POTASSTON PERSULEATE
POTASSIUM PHOSPHATE, TRIBASIC
POTASSIUM SILICATE
POTASSIUM S{1AP

PUTASSIUM SULFATE

POTASSTUM TETRAFLUDRDBORATE
POTASSTUM THIOCYANATE '
PUTASSJUM TRIPOLYPHUSPHATE
POYASSYUM 2-BENZYL-4-CHLOROPHENATE
POUR DEPRESSANTS

PRIMLR

FROPUCTS OF ROSIN CORE SOLDER
PROPELLANT=AERDSUL

PROPIOMIC ACLD

PROPYLENE GLYCUOL,

PROTETINS

PYRECTHIRRING

PYRETHRUM

PYRIDINE -

QUARTZ

RABBIT SERUM

RESTHNOLD

RHOREUM

RUSIN

RUOTEHONE

RUDBLR, BUTAQTENE-STYRENE
HUBBER, UTHER

RUUBCHS, HWATURAL

ROBBERS, SYNIHETIC

RUST INHIRTTIOR

RUTHINIUM CHLORIDE

SALLICYLLIC ALTR



6L/60/00

Jiva

FOHAXGHON (1Y A0S
X3V 3NATQVINg=~ INIHALS
INIATOS dHYaanls

40 §301X0 ‘473318

73716

HOHv LS

FJIVIN0OEDW BV L THHDS
INIAIOYE
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HAZ
CONE

76614
76618
92980
4220
PO4SO
76720
77118
A442B
17150
MI7T57
Q3iay
aiinp
77190
77195
11220
82214
71265
M0b26

0e-2

CAS NUMBER

008063089

039405306
001330207
Q07400666
000557346
007646057

ol2t2eati
012001853
0051314132

007733020
0015314905
007440677
00§510230

ESTIMATED
RTECS PEGPLE
NUMBER EXPUSED

447
659
12
1,152
ait
as1
12
2,684
2,696
815
72
2,588
168
6859
2,604
683
12
683

DUATERLY HAZARD SUMMARY REPOURTY

SOQURCE OF
EXpP, EST, NO
ACT TRMN GEM OCCS

3
2
1 3.
1 2
1
i
H
1 2
2
1 2

CHEMICAL NAME

WAX

WELDING RODS
HETTING AGENT

wonons

XH

XYLENE

Z1NC
Z1INC
Z1INC
2INC
Z1INC
ZINC
ZINC
ZINC
ZINC
ZINC

ACETATE

CHULORIDE
DIALKYLDITHIOPHOSPHATE
ETHYLENEBIS(DITHIODCARBAMATE)
NAPHTHENATE

OxXIDE

OXIDES

SULFATE

SULFIDE

ZIRCONTUM
ZIRCUNIUM OXIDE

DATE 0u/09/79



APPENDIX D:

OLD VS. NEW ALGORITHM TABLES

The tables contained herein present a series of accuracy and efficiency
comparisons of the old algorithm and the major phases in redesigning it.
Table D-1 compares the original seven options to the old algorithm; these
options are variations of the old algorithm, based on simple callapsing of
SIC, size, BLS misclassification ratio, and group categories. The accuracy
comparisons are based on national universe estimates for employees. Table D-2
examines efficiency and accuracy of those aptions tied to the first
implementation of the new algorithm in the program ALG. The estimates given
are total employees exposed to asbestos when the new algorithm is compared fo
the old algorithm, and, again, total employee estimates for the national
universe are recarded for use in the other comparisons. Table D-3 compares
the old and initial new algorithms' results for asbestos, this time by
displaying estimates for employees exposed to asbestos by SIC in addition to
total estimates. Table D-4 compares facility and emplayee estimates for the
national universe from the old and initial new algorithms, again by SIC and
for the totals. Table D-5 examines national universe estimates of facilities
by major SIC grouping and size level, as well as totals, for both the old
atgorithm and the second version of the new one. The second version
incorporated a correction of the inflated IIP Factors on the facility file for
groups (within BLS SIC-size contained in observed SIC-size categories) that
contained all nonresponse. Table D-6 shows the manual verification af the new
algorithm concept for SIC 21, which showed an error was made in carrying out
the factor modification mentioned above. Table D-7 gives the facility
estimates by major SIC grouping, along with the grand totals, for the old
algorithm and the final version of the new algorithm, which incorporated a
correction for the factor modification error. The tahles in this appendix all
relate to Section IV.D.
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TABLE D-1.  OLD PROJECTION ALGORITHM OPTIONS AND FACTORS

TIME
CPU-SECONDS
TOTAL TOTAL
‘ CONTROL PROGRAM PROGRAM REPORT PROJECTED PROJECTED
OPTION  SIZE SIC BLS GROUP BREAKS PRJIA PRIA GENERATING TOTAL PLANTS PEOPLE
(1) (2) (3) (1) (5) (6) (7) (8) (9) (10) (11) {12)
base™ 7 65 3 6 £,190 8,17 13,47 1.19 52,83 739,244 38,262,627
Base™™ 7 65 3 6 8,190 1.56 42.36 1.14 51.06 1,010,194 42,129,627
1 4 65 3 G 4,600 7.84 36.142 1,23 45,49 739,501 8,264,206
2 7 65 3 3 1,005
3 7 30 3 6 3,780
A 7 65 1 é 2,730
5 q 30 1 6 720 _
6 i 30 2 3 20M* 7,59 33.74 1.22 42,56 1,002,270 41,889,239
Ak a 0 1 3 360™* 7.48 21.31 1.76 30,04 996,609 41,758,963

* Base {(Pubdlished, with size-1 adjustment)
*oyithout size-l ad justment

Notes: 1. Option 1 should be compared with the Base® estimates (with size-1 adjustment), and Options 6 and 7 should be compared with Base*”
{without size-! adjustment}. Since size adjustment is accomplished during preprocessing in PRI, it should not have any effecl an
PRJA run times reported ip Column 10.

2. Size 1 adjustment referes to ULS size-1 and is applicable Lo the size scale 1-7, The size-1 adjustment compensates for inflated
1P factors for slze 1 by SIC.  The scan of {IP factors was conpared to County Business Patterns information from the Bureau of the
Census. Lt was discovered that size 1 did not corvespond due to omisston of small facilities with Jess than a minfmum number of
employees.  The computer programs were written to permit switching the size-1 adjuystment on or off. The aptions that campross
the size scale from 1-7 to 1-4 were tested with the size~1 adjustment both present and omitted, and 11lustrated the differing
projection resuits,
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TABLE D-2, PROJECTION ALGORITHM OPTIONS AND FACTORS

TIME
CPU-SECONDS
TOTAL TOTAL
CONTROL PROGRAM PROGIRAM REPURT PROJECTED  PROJLCTED
OPTIGN S1ZE SIC BLS GrouP BREAKS PRIIA PRJAA GENERAT NG TOTAL PLANTS PEOPLE
(1) {2) (3) (4) (5) (6) (7) _(8) (9) (10) (11) (12)
Base® 7 65 3 6 8,190 8.17 43.47 1.19 52.83 739,244 38,202,027
Base™* 7 65 3 6 8,140 7.56 42,36 1.14 51.06 1,010,194 42,129,627
1 q 65 3 6 4,680 7.04 16.42 1.23 45.49 739,501 38,264,286
6" A 30 2 3 20™* 7.59 33.74 l.22 12.55 1,002,270 41,889,239
7** 4 30 1 3 360** 1.48 21.31 1.25 30.04 996,889 41,758,963
prr* 7 65 kR NA NA NA NA
Base (Ashestos) 45.00 {est) - 1,564,551
Aly-Program 5.00 fesl) 1,557,130

*Base (Published, wilh size-1 adjustment)

**Without size-1 ad justment

***option B was a new computer application program implementation approach to the original projection algorithm. Other
options represenl varialions of old algorithm.

Notes: 1.

Uption 1 2Qou1d be compared with the Base® estimates {with size-1 adjustment), and Options & and 7 should be compared
with Base = (without size-1 adjustement). Since size adjustment is accomplished during preprocessing in PRJL, it
should not have any effect on PRJ4A run times reported in Column 10.

S1ze 1 adjustment refers to BLS size-l and is applicable to the size scale t-7. The size-1 adjustmenl compensales
for inflated IIP factors for size 1 by SIC. The scan of 1IP factors was compared to County Business Patterns
information frow the Burcau of the Census. It was discovered that size 1 did not correspond due to owission of small
facilities with less Lhan o winimun number of cuwployees. The computer programs were written to permil switching Lhe
size-1 adjustment on or off. The options that compress the size scale from 1-7 to 1-4 were tesled with the size-l
adjustuent both present and owmilted, and illustrated the differing projection results.




TABLE D-3. VALIDATION OF ESTIMATED PEQPLE™

SIC-CODES TABLE 49** ALG
Total (Asbestos) 1,564,551 1,557,136
07,08,09 1,688 1,687
13 2,700 2,699
15,16,17 430,570 427,839
Total Manutacturing 648,872 644,932
19 ' 988 564
20 7,968 7,869
21 76 75
22 3,256 g,07%
23 87,929 87,293
24 6,009 5,956
25 15,043 14,922
26 17,781 17,499
27 55,741 55,507
28 23,314 23,231
29 8,202 8,223
30 11,800 11,800
31 2,088 2,032
32 60,298 60,294
33 61,878 60,785
34 36,643 36,644
35 89,423 89,434
36 38,552 37,803
37 86,195 86,1863
38 12,656 12,663
39 18,032 18,000
41-49 112,483 112,216
50-59 256,029 255,734
60-65 2,096 8,09
70-89 104,112 103,933

*Initial Version of ALG.

“In Volume III of Tinal report on NIOSH contract No. CDC-99-74-40 [11.
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NUMBER OF PLANTS AND EMPLOYEES IN PLANTS
IN THE NATIONAL UNIVERSE

PLANTS EMPLOYEES IN PLANTS
SIC-CODES TABLE 1* ALG TABLE 17 ALG
Total (Asbestos) 739,244 728,405 38,262,627 37,879,686
07,08,09 3,645 3,643 82,311 82,312
13 1,313 1,316 82,098 82,099
15,16,17 68,407 68,370 2,532,382 2,517,014
Total Manufacturing 141,357 140,500 15,220,964 15,116,618
19 113 88 33,438 20,833
20 16,173 16,186 1,403,859 1,403,870
21 156 182 80,758 80,402
22 3,225 3,186 232,122 226,374
23 15,565 15,107 918,752 913,246
24 3,091 3,072 161,332 159,873
25 4,618 4,570 295,253 292,085
26 4,859 4,764 570,792 555,203
27 13,609 13,543 1,239,262 1,236,552
28 6,743 6,645 966,199 965,006
29 993 997 195,698 195,700
30 5,640 5,649 ° 534,789 534,797
31 1,653 1,654 155,028 147,796
32 7,955 7,949 700,104 700,109
33 5,040 4,988 1,347,780 1,334,398
34 19,615 19,600 1,350,047 1,350,051
35 14,190 14,212 1,539,734 1,539,747
36 5,073 5,057 1,501,365 1,468,136
37 3,457 3,461 1,224,441 1,224,446
38 3,812 3,824 386,097 386,100
39 5,776 5,776 384,114 381,894
41-49 36,289 35,656 3,311,290 3,296,920
50-59 281,353 279,412 9,283,788 9,229,845
60-65 52,467 50,862 1,946,338 1,909,425
70-89 154,374 148,646 5,803,454 5,655,454

*In Volume III of the final report on NIOSH Contract No. CDC-99-74-40 [1].
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TABLE D-5. COMPARISON OF NEW* AND OLD ALGORITHM RESULTS FOR

PLANTS
Small Hadium Larye Total
Now 01d Difr. New aid Diff. New 01d  Diff. Now ald hiff. Pet

Agricultural Services, 3,h98 3,599 -1 AL 16 - - - - 3,049 3,645 -1 0.0

Forestry, Fisherios :
Mining (011 and tas) 1,101 1,101 - 176 176 - 36 16 - 1,313 1,313 - -
Contract Construction 63,332 62,061 +761 5,986 5,751 +233 94 94 - 69,102 68,407 +906 1.4
Manufacturing 114,926 114,433 493 22,434 22,342 43 4,881 4,571 410 141,942 141,399 +hat 0.4
Transportaticn and

QLhey Public Utilitics 30,792 30,528 +264 h,0b6 5,056 - 106 706 - 36,553 . 36,289 1264 0.7
Wholesate and Retail -

Trada 261,743 266,434 +1,309 13,928 13,675 +253 1,244 1,249 - 282,91b 281,363 11,502 0.6
Finance, Insurance,

and Real Estate 18,622 48,622 - 3,615 3,616 - 230 230 - 52,467 52,467 - -
Services 144,013 143,489 +524 9,147 9,417 - 1,737 1,737 - 154,894 154,374 524 0.3
Grand Totals 674,117 670,767 3,360 00,3808 hY9, 859 +524 8,628 4,618 110 743,134 739,244 +3 890 3.5

"Refore Fina) corvection in adjusting IIP factors.

’
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TABLE D-6.

MANUAL VERIFICATION OF NEW‘ALGORITHM

BLS BLS ‘ BLS Imputed Stze-Adjt{ New** Payrell X
Fac- No sic1 sig2 SL Size SIC Size Grp Payrott* Hp Lip Lip e New-LIP
060071 q 21 ] 1 21 1t 1 * 20.00 | 40.00 25.204 * T B
066019 ] 21 1 1 21 1t 5 10 21.60 21.60 13.611 13.61 136.08
066020 1 21 1 1 21 2 5 18 10.80 10.80 10.80 194.40
0606022 4 21 1 2 21 1t 2 21 20.00 40.00 25.20t 25.20 529.20
040013 ) 21 1 2 21 2 2 * 15.00 30.00 * *
060023 4 21 1 2 21 2 2 33 12.00 27.00 37.480 1247.10
047020 4 21 1 2 21 2 3 * 10.80. 10.80 * *
043027 q 21 1 3 21 3 1 45 8.00 8.00 §.00 680.00
47021 ) 21 1 K] 21 3 3 64 5.40 h.40 5.40 345.60
0660271 4 21 1 3 21 3 5 50 5.40 5.40 5.40 270.00
066022 4 21 1 3 21 3 5 55 5.40 5.40 5.40 297.00
066023 4 21 1 3 21 3 5 549 5.40 5.40 5.40 291.60
066024 4 21 1 3 21 3 5 93 5.40 5.40 5.40 502.720
Estimated Plants 122.41
Size Level 1
Estimated Employees 1493.48
.033014 4 21 2 1 21 4 2 * 12.00 12.00 *
047022 4 21 2 5 21 4 3 318 10.80 10.80 10.80 3434.40
060024 1 21 2 5 21 5 2 259 6.00 G.00 6.00 1554.00
060029 4 21 2 5 21 5 2 349 6.00 6.00 6.00 2094.00
047023 4 21 2 5 21 5 3 347 5.40 5.40 5.40 1873.80
066025 4 21 2 5 21 5 5 292 5.40 5.40 5.40 1576.80
Fstimated Plants 33.60
Size Level 2
Estimated Employecs 10533.00
039053 4 21 3 0 21 q . 1 710 13.00 13.00 13.00 9230.00
060026 il 21 3 6 21 6 2 739 2.00 2.00 Z.00 14/78.00
033016 q 21 3 7 21 7 2 3600 9.42 9.42 9.42 33912.00
029012 4 21 3 7 21 7 3 1400 15.08 15.08 15.08 21112.00
Estimated Plants 39.50
Size lLevei 3
Estimated Employees 65732.00
———— —— _.
Total Estimated Plants 195.51
Estimated Employecs 80758.44

tAdjustiment applying to BLS size 1 only.

*7ero indicates a nonsurveyed facility.

L

**List of those [IP Factors used in the ostimates (a1l inclusive).




TABLE D-7. COMPARISOM OF

NEWS AND

OLD ALGORITHM RESULTS FOR PLANTS

New

01d

Diff. New

01d iff.
Agricultural Services, 3,644 3,645 -1 82,311 82,311 -
Faorestry, Fisheries
Mining {011 and Gas) 1,313 1,313 - 82,098 82,098 -
Contract Construction 68,408 | 68,407 +1 2,532,382 2,532,382 -
lanufacturing 141,397 141,397 - 15,220,968 15,220,964 +4
Transportation and 36,289 36,289 - 3,311,291 3,311,280 +1
Other Public Utilities
Wholesale and Retail 281,352 281,353 -1 9,283,790 9,283,788 +2
Trade
Finance, Insurance, 2,467 - 52,467 - 1,946,338 1,946,338 -
and Real Estate
Services 154,374 154,374 - 5;803,458 5,803,454 +4
Grand Totals 739,244 - 38,262,636 38,262,627 +9

“Final version

739,244

D-9






APPENDIX E

NATIONAL PROJECTION ALGORITHM

APPENDIX E explains in detail the theoretical basis and fundamental
organization of the old projection algorithm, including the calculation of
variance. A basic understanding of the information contained in this appendix
is very helpful in studying the effort made in redesigning the old algorithm.
The redesigning process is described in Section IV.D.






APPENDIX E
NATIONAL PROJECTION ALGORITHM

Al Sample Design

The sample design used in the NOHS involved a 2-stage selection
procedure, Stratification was imposed at both stages. First stage sampling
units were Standard Metropolitan Statistical Areas (SMSAs), groups of SMSAs,
and some other organized areas. First stage sampling units were selected WTLh
probability proportional to measures of size. Second stage sampling units ars
clusters of facilities. Facilities were selected systematically across |
first stage units and within second stage strata.

Replication was not undertaken at either the first or the second stage;
consequently, unbiased variance estimates are not available., A total sample
size of 67 sampling units was selected in the first stage. The systematic
selection employed in the seccnd stage produced observations from a total of
4,775 sample Tacilities.

The initial sample was selected for NIOSH by the Bureau of Labor
Statistics (BLS). Under the initial sampling design, the allocation of the
second stage sample was proportional to the relative sizes of the second stage
strata, as measured by employee numbers. BLS subsequently modified this
procedure, under advice from NIOSH, such that the allocation scheme was
inversely proportional to these sfze measures. During the data collection
activities, the larger facilities were further subsampled cn a nonprobab711L/
basis by NIOSH Nonprobability subsamples of facility Tocations were
sometimes selected when a single facility was found to occur at multiple
locations within an SMSA.

As is the case with any sample survey, inferences from the sample data
are restricted to the target population as defined by the sampling frame.

B. Nonresponse

Almost all Targe-scaie surveys are subject to nonsampling errors arising
from nonresponse, MNonresponse in this sense includes all missing data items
for any unit of observation appearing in the sample, regardless of the
circumstancas. Insofar as the units of observation for which some nonresnonse
has occured are not, collectively, a probebility subsample of the target
populaticn and are Tikely dissimilar from other sampled observational units
in important respects, biases are introduced into the estimates.

C. Other Monsampling Errors

Other nconsampling errors can also contribute to sources of bias in
national estimates. In referring tc the definition of the target population,
it is obvious that unbiased estimates are not available from the sample data
for any other population than that population from which the sample was
selected.

 Praceding page blank =



For example, facilities entering into business after 19/0 are not
included in the target population. Therefore, estimates computed from the
sample data have no inferential ability with respect to these new facilities,
Simitarly, unbiased estimates are not available for 1970 target facilities
that moved from sample first stage units before the field data collection
activities but were still in business in other areas. The total number of
both types of such facilities can be estimated, but their characteristics are
unknown. These facilities, including those that went out of business between
1970 and the time of the data collection activities, can be thought of as
contributing bias arising from sampling frame inefficiency. Bias adjustment
in these cases is achieved by considering these facilities to have zero-valued
observation variables for all data items on the questionnaire, but these
facilities are still included in the calculation of the estimates.

Another source of bias arises from the inexactness of the target
population definition. Bias may also be due to seasonal facilities and other
facilities having regular or irregular fluctuations in their activities.

Note also the possibility of biases introduced by the surveyors
themselves. Reference here is to such factors as differential acuity among
surveyors, NQ bias adjustment is made for these effects.

D. Estimation Procedures

The notation used in this section is summarized below:

0 The subs¢ript g =1, 2, ..., 6 indexes the groupings of first stage
sampling units imposed as a dimension of stratification on the
second stage frames. .

° The subscript h indexes the first stage unit within the gth group,
max {h|g} =31, 13, 7, 4, 6,6, forg=1, 2, ..., 6.

© The subscript 1 =1, 2, ..., 9 indexes the size category imposed as
a dimension of stratification at the second stage.

© The subscript j =1, 2, ..., 63 indexes the Standard Industrial
Classification also imposed as a dimension of stratification at the
second stage. (Note: 1 and j are crossed dimensions both nested
within g.)

° Class 1 facilities are those facilities not affected by the large
facility cut; i.e., those facilities for which i =1, 2, ..., 5.

° Class 2 facilities are those facilities in size categories i = 6, 7,
8, 9 that were surveyed before the cut date.
e Class 3 facilities are those facilities in size categories i = 6, 7,

8, 9 that were surveyed after the cut date.

hd Hp (g, h) represents the first stage inclusion probabilities.
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) .. , . . . g
o it (g, i, j) represents the second stage inclusion probabilities
for Class 1 facilities.

9 n' {g, 7, J) is the number of Class 1 sample facilities in the
second stage stratum cell indexed by the subscripts g,i.J.

@ ' (g, 1, j) is the number of Class 1 sample facilities (in the
second stage stratum cell) that provided a value, including a zerc
value, for the observation variable under consideration.

© The subscript k' indexes the Class 1 sample facilities within each
systematic sample (i.e., within each second stage stratum cell),
k] = 13 23 A | r (g: -i: J) < n (gs i; J)‘

& The subscript k" indexes the Class 2 sample facilities, k" =1, 2,
seey P s " = 163,
] The subscript k"' indexes the Class 3 sampIe facilities, k"' =1, 2,
LEC I I Ti“ g ﬂl” = 136
Sll ) ) - ) ) )
e I (k") represents second stage inclusion probabilities for Class 2
facilities.
Slll . .
= T (k"')} represents secaond stage inclusion probabilities for Class

3 facilities.

o ¥* (g, h, 1, J, k') equals the value of the observation variable
obtained from a Class 1 facility that belongs to the target
population or equals O for sample Tacilities not in the target
population (e.g., out-of-business facilities and moved facilities,
which are included in the count r'(g, 1, J)).

5] Y" (h, k") and Y"' (nh, k") are similarly defined for Class 2 and 3
facilities.

fach Y-value is assumed to be the value of the observation variable for
the sample facility. A nonresponse adjustment procedurs was developed by RTI
for multiple Tocation fTacilities; the correct level of Y-values is supplied to
the calculations. If individual Tocation level questionnaires are employed,
ihe estimators described in the following sections are not appropriate, Note
that a Y-value may denote a classification variable or a continuous variable.

In the following paragraphs, estimators for totals (see Figure £-1) are
described, Averages and percentages or proportions are computed 1n the Torm
of ratio estimates. The estimators, as described, form the basis for the
development of computer software to handle the actual calculation of the
estimates (projection algorithms),

Variance estimators are described in the following paragraphs., Since
replication was not a feature of the sample design at eitner stage, unbiased
variance estimators are not available.



Separate estimates are computed for each of the Class 1, 2, and 3
facilities. The separate class estimates are then summed to obtain the
naticnal level estimate.

Note that the subscript h = 1, 2, ..., max {h|g} identifies the first
stage unit from which the observation was coliected. The subscript k =
1, 2, «.., n {suitably identified with primes to denote facility class) counts
the facilities within the systematic sample at the second stage units.
However, since the systematic samples were selected across all first stage
units, a summation over the range of k includes all of the h-values
represented in the systematic sample for the gth grcup, ith size category, and
Jth SIC category. The subscript h is, nonetheless, required for identifying
the first stage inclusion probability.

In Figure £-1, the range of summation over K* implies summation over
facilities for which item nonresponse has occurred., The adjustment involves
substituting the unweighted average value computed for the particular
within-class systematic sample in place of each missing item. The substituted
averages are then divided by the first and second stage inclusion
probabilities associated with the facility for which the observation variable
is missing. The adjustment assumes that an entire systematic sample is never
missing. If no nonresponse has occurred, the summation over the k™ -values is
defined to be zero.

The above estimator can be summarized in words as follows. Compute the
average value of the response variable of the systematic sample separately for
each class of facilities. For Class 1 facilities, systematic samples are
defined for every value of g, i, and j. There is a single such sample for
each facility. of Class 2 and 3. Compute the quotient resulting from the
division of the value of the response variable, Y, and the product of the
first and second stage inclusion probabilities associated with the facility.
Substitute the average value for the systematic sample in the place of any
missing response variable values. Add the quotients over all of the elements
in the systematic sample. For Class 1 facilities, add these sums over the
second stage dimensions of stratification. Finally, sum together the separate
class estimates.

E. Organiiation of the Computing Algorithm

Figure E-2 provides a summary of the steps required to produce estimates.
The figure is based on two assumptions: (1) that there exists a record for
every sample facility even if no information was secured for the particular
facility, and (2) that there does not exist any systematic sample for which no
information was secured, including domain information.

The file labelled "sample data set" is assumed to contain the sample
facility identification and the values of the response variables for that
facility; as pointed out above, facilities for which no information was
collected are assumed to appear, suitably identified, in the sample data set.
The fact that this file does not exist as a single entity does not
intrinsically influence the computing algorithm.
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The file labelled "sampiing map” provides the mapping of the sample
facility identifiers into the features of the sample design required for the
computations. Specificaliy, these features are the values of g, h, i, and j
for the facility and the k-value of the facility class.

The files labeled "sampling parameters" contein the TD-values for the
first and second stage units of .sampling (for each facility class with the
associated identification of the design features), and the maximum values for
each of the identifying subscripts.

Each of these four files is assumed ta be ordered with respect to the
design feature identifiers as indicated by the formulation for totals (see
Figure E-1).

F. Variance Estimation Procedure

Subscripting and other notation follow that described earlier fin
cannection with taotals est1mates. Some simplification of the eariier notation
is introduced here. : :

Tne estimator for totals, except for the special notation introduced for
the DTECUL and postcut 1arge-;ac111uj samples and the nonrespgnse adJUSLHEHL,
is of the form

» Y{g, h, 1, 3, k)
T(g: -]: j) = Z p ) . . °
k T (g, h) m (g, i, J)

Recall that the subscripts g, i, and J refer to the second stage group by
size by SIC stratum cells. The subscript h is used To denote the

first stage unit {note that the summation over the range of the subscript k
denoting the facilities within the cluster includes all of the h-values
reprasentad in the cluster). The values of

3
Hp and I

represent the first and second stage inclusion probabilities. MNote that the
IS values do not depend upon the value of k; however, the TP values do depend
upon the k-value, since the value of h corresponds to at Teast one k-value in
the range of summation.

Consider the estimate defined by

=111 [Z Y(g,h,w’,j,.k),}
g ij k  1P(g, h) T=(g, 1, J)

This estimate can be thought of as the contribution to the national total
provided by the gth group, ith size class and jth SIC category. 1In these
terms, the totals estimator can be rewritten as

=121 T(g, 1, 3)
g i ]
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tet T (i, j) represent the mean estimate of the group estimates within
SIC-size (i, j). Then a variance estimator across groups is given by

~ ~

Var [T3= 001 (T(e, 1, ) - T(3, §))2
iJg g

-1

Since g = 6 and all group estimates are assumed to be present, inciuding
groups with zero estimates because no records occur within the SIC-size-group
cell, the above equation becomes

~ A

Var [T] = Z Z
1]

~

(T(a, 1, j)-s? (i, 302 .

O 10

Often the estimate required, at least for Volume IIl of the final report
on RTI's previous data analysis contract (No. CDC-99-74-40) [1], is a ratio
estimate; that is,

The variance calculation now involves, in addition to both numerator and
denominator estimate variances, a measure of covariance between the
two individual estimates comprising the ratio. This covariance is given by -

~ ~ ~ 6 ~ ~

cov [Ty, Tpl = Z Z 21 Ty {1, 3, 9) = Tn (4, ) - Tn (i, 3. ) - Tn (i, J) ]
iJjle

and the variance of the ratio is approximated by

~ ~ A ~ -~ ~ ~ -~ -~ A ~

Var [R] = Var [Ty + R%Var[Tnd - 2R Cov [Tx, Tnl .
(Tp)?

An important note is, for Volume III, all estimate and variance
calculations are performed within the context of observed SIC-size. If the
estimate required is not a ratio estimate, the estimate and variance are
computed across group within BLS SIC-size within observed SIC-size, and these
totals can then be summed to produce the estimates and standard deviations
appearing in Volume III. (The standard deviation is defined as the square
root of the variance. Standard deviaticns are used because of the
easier-to-grasp magnitude and because of their more straightforward
statistical interpretation.) If a ratic estimate is required, both the
numerator and denominator estimates and variances and the covariance are
computed across group within BLS SIC-size within observed SIC-size, and these
totals are summed to the levels implied by Volume III, The ratio estimate can
then be found as a quotient, and the calculation of variance can be performed
with the accumulated values of the numerator and denominator estimates, their
variances, and the covariance.
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APPENDIX F:
STANDARD DEVIATICON TABLES

The attached tables provide the NOHS data user with an indication of the
reliability associated with estimates of numbers of employees or numbers of
facilities. Values in the tables are approximate standard deviations. The
values were obtained by regression averaging of a set of 87 standard
deviations computed for the 29 major SIC groups and 3 major size
classifications used in the original reporting of the NOHS results. The
reader is cautioned that the standard deviation for a particular estimate is
likely to be different from the averages provided in the table due to
differences in the magnitude of the design eftect for different reporting
variables. ' :

Internal estimates can be obtained by multiplying the standard deviation
by two and alternately adding this value to and subtracting it from the
estimated number of employees or number of plants.






TABLE F-1. APPROXIMATE STANDARD DEVIATIONS FOR ESTIMATES OF NUMBER

OF FACILITIES, NOHS

Number of | Approximate
Facilities Standard Deviation
100 220
200 225
400 235
600 245
800 260
1,000 270
2,000 | 330
4,000 430
6,000 : 540
8,000 635
10,000 720
20,000 | 1,340
40,000 - 2,425
60,000 3,390
80,000 4,270
100,000 | 5,100
200,000 8,675
400,000 14,365
600,000 19,060
800,000 23,165

Preceding page Bank F-3



TABLE F-2. APPROXIMATE STANDARD DEVIATIONS FOR ESTIMATES OF NUMBER
OF EMPLOYEES, NOHS

Approximate Standard Deviation

Number of Less than 1/3 of the Value More than 1/3 of the Value
Employees of the Estimate is Derived of the Estimate is Derived
from Large Plants from Large Plants

2,000 ' 735 -

4,000 1,110 -

6,000 1,420 -

8,000 1,700 -
10,000 1,955 -
20,000 3,075 14,900
40,000 4,975 21,900
60,000 6,675 27,300
80,000 8,275 32,000

100,000 9,815 36,100
200,000 ‘ 16,950 53,000
400,000 30,125 - 78,000
600,000 . 42,675 98,200
800,000 54,900 116,000
1,000,000 66,850 132,000
2,000,000 125,500 200,000
4,000,000 238,750 309,000
6,000,000 350,250 403,000
8,000,000 460,750 489,000
10,000,000 _ 570,750 575,000
20,000,000 1,115,000 -
40,000,000 2,190,000 -
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