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ABSTRACT

Beginning in September 1972, the National Occupational Hazard Survey
(NOHS) was conducted by the National Institute for Occupational 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 little 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 operation 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:

Gi Develop a system to retri eve i nformat i on and generate reports in the
three basic categories of hazard, occupation, and Standard
Industrial Classification (SIC) Code.

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

Employing th€ Parklawn Computing Cent€r factilities, RTI largely 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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I. INTRODUCTION

The Surveillance Branch, Division of Surveillance, Hazard Evaluations and
Field Studies, of the National Institute for Occupational 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 from 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 NIOSH beginning in 1972. In June
1974, NIOSH let Contract No. CDC-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 information
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 Occupational Hazard Survey (NOHS) Data Base
Development and Analysis,1l 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,
occupation, and Standard Industrial Classification
(SIC) Code.

IV.B

IV.C

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
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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 lists references cited.
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II. BACKGROUND

A. Development of the National Occupational 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 (NIOSH) within the Department of Health, Education and Welfare, the
Department established seven task forces to implement its responsibilities
under the Act. One of these task forces, 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 by
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 (NOHS), 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 outdated segments of NOHS.

1. Survey Plan

NIOSH adopted the 2-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
NOHS 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 one
plant, or location. The metropolitan areas included Standard Metropolitan
Statistical Areas (SMSAs), groups of SMSAs, and one non-SMSA area (Anchorage,
Alaska). 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 1971, two groups of ten surveyors 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 involving a desk check (for obvious coding errors) and a Volume Log
Book (for organized forms control) was soon developed.
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3. Professional and Technical Support

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. COC-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 que~ 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.
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III. RELATIONSHIP OF CURRENT EFFORT TO NOHS 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 i~ 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 files, it is maintained under a Data Base Management
System (DBMS), 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 2000, 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 query control cards
is prepared manually to provide input to the projection process. The query
analysis within the first step reads the query control 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
faci11ty~statistica1 data in accordance with the encoded requests 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 mode for processing occupation and hazard data. At
least part of the count records input to the projection phase is also produced
during query processing.
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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 required, in which case the
exposure access becomes null; othen~ise, the control records provide, for each
facility considered in the projections, indicators as to its qualification.
Access to the exposure data is provided, first, by the facilities qualifying
for a query found through the query processing step. Only those facilities
received in the control records as qualifying will be considered for access.
Additional access control occurs within each facility in terms of the
occupation and hazard/rank limitations. A single specified occupation code
will limit 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 resolution data. This option may expand the request for a
single hazard/rank into a list of hazard/rank codes. Output from the exposure
data access operation goes into the next step for reduction and summary
purposes.

If 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 lI allll and lIeveryll are differentiated in this
phase. Various processing routines handle the different case code
requirements. Report number and query position in the report are maintained
for control purposes.

4. Projection Al gorithm

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 query 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 from 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
est imate fil es that become input to the report generator. These fil es 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 [lJ for the previous RTI data
analysis contract (No. COC-99-74-40).

5. Report Generator

The report generator phase receives a combination of control,
header, and estimate records. The input records are arranged or sorted lnto
the desired report control records. Various report formats and sequences are
provided to permit a wide range of reports.
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B. Current Effort on NOHS System Components

As originally conceived (see Figure 1), the NOHS system had five major
components: a load/update component, a query analysis and processing
component, an exposure data retrieval component, a projection algorithm, and a
report generator. Another potential NOHS system component being strongly
considered at the beginning of the current project was a query 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

Load/update

Query analysis and processing

Exposure data retrieval

Projection algorithm

Report generator

Query storage and retrieval

Tasks

1 2 3 4 5

X

X

X X

X

X

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 reports beyond those prepared for Volume III of the final
re~Qrt 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 query 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 loaded 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.
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Task 3, Develop Query Storage and Retrieval Subsystem, concerned the
development of a 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 query has been analyzed and determined to be structurally correct, a
search could be made to establish whether or not that query had been
previously generated. If so, the calculated estimates would be retrieved or,
if not, estimates would be generated and stored. Due to the slow retrieval
process and the even slower projection algorithm used previous to the current
project, the development of a query storage and retrieval subsystem was
anticipated to save much 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 analysis contract, and the original
projecti on algorithm, although theoreti cally sound, was very expens ive to run.
Its 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 NOHS 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 toxic
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 link 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. It 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. DISCUSSION OF TASKS

Under NIOSH Contract No. C00-99-74-40, RTI was assigned five major
tasks, which RTI further divided into subtasks, as noted in Figure 2.
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 r~lationship 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 1: Develop Retrieval and Reporting Subsystem

Under Task 1, RTI developed 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
Classification (SIC). This subsystem contains 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 loading
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
retrieval functions needed. However, for retrieval subsystem testing
purposes, a small, rather than a large, data base was desirable, so a small
data base, which will continue to be loaded incrementally, was initially
loaded by January 1978. A description of the current status of the data base
may be obtained from the schema and tallies 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 disappointing
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
representative1s suggestions involved some relatively simple revisions to the
retrieval approach to avoid unnecessary use of the SYSTEM 2000 IlGET Il command,
which is 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 reports 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 III of the final report on
the previous RTI data analysis contract [lJ. The development of these new
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1. Deve 100 Re: r~ eva 1 and Re~or: i nli Subsystem

1.1 Develop Retrieval SUDsystem Functions

1.2 Develop anc Docu~ent Reporting SUDsystem

2. Develo~ UDdate SUDsvstem for NOHS

2.1 Determine Current Subsystem Status ana Schedule for
NIOSH Internal Processing of Trade Name Data

2.2 Examine S2K Alternatives

2.3 Determine Explicit NOHS Update Requirements

2.4 Evaluate and Select Design Options

2.5 Implement Initial NOHS Update Subsystem

2.6 Revise "Redbook" Summary Procedure

2.7 Consider Alternatives to IS~~ TRN Upcate Procedure

2.8 Inventory and Document Update Procedure

3. Develop Query Storage and Retrieval SUDsystem

3.1 Determine Extent of Existing Available Prior Queries and
Responses in Machine Processable Form

3.2 Examine and Evaluate Storaye Media and Methods

3.3 Determine Viable Design Alternatives Compatible with Task 1

3.4 Select, Design, Test, and Implement Subsystem

4. Redesign Projection Algorithm

4.1 Research and Analyze Existing Projections for Comparative Ratios

4.2 Establish Comparative Evaluation Baseline Files

4.3 Determine Applicable Approximation Methods

4.4 Review Dr. Breslin's Algorithm

4.5 Establish List of Viable Options

4.6 Select, Test, and Implement Viable Options

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 PROJ4 and ALG Differences

4.11 Develop a Means for Estimating Variances within the ALG Procedure

4.12 Inventory and Document Estimation Procedures (PROJ4 and ALG)

5. Develop Subsystem to Link NOHS and RTECS

5.1 Determine Anticipated Report Requirements

5.2 Evaluate COlnpatible COde Relationships

5.3 Examine Viable Alternatives

5.4 Test and Implelllent Link Subsystem

Figure 2. Project Tasks and Subtasks
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SYSTEM RELEASE NUMBER
DATA BASE NAME IS
DEFINITIUN NUMBER
OATA BASE CYCLE NUMBER

I~ NHSD8 (NAME X)
101* SICDATA (RG)

1001* SICI (INTEGER NUMAER 9999 I~ 101)
1003* DESI (NON-KEy NAME x(2) Ir~ 101)

201* FACDES (RG)
2221* FSIC (INTEGER NUMGER 99 IN 201)
2222~ FSIZ (INTEGER NUMBER 9 IN 201)
2223* FGRP (INTEGER NUMBER 9 IN 201)

222* FBLSSG (INTEGER NUMBER 9(6) IN 201)
223* FAC (INTEGER NUMBER 9(5) IN 2011
224* FACN (INTEGER NUMBER 9(S) IN 201)

20SI* FAC50 (NON-KEY TEXT X(SO) IN 201)
2052* FAC102 (NON-KEY TEXT X(102) IN 201)
2064* FACDISP (TEXT X IN 201)
2053* FAC27 (NON-KEY TEXT X(26) lN 201)
20S5* FwGTI (NUN-KEY DECIMAL NUMHER 9(6).99 IN 201)
2056* FI'IGT2 (IHJN-KEY DECII-iAL NUt·THER 9(6) .99 IN 201)
2057* FACH8 (NUN-KEY TEXT X(88) IN 201)

301* OCCOE5 (RG)
3001~ OCC2 (INTEGER NUMBER 9(5) IN 301)
3002* DES2 (NUN-KEy NAME X(4S) IN 301)

'101* HAlDATA (RG)
4001* HAl4 (TEXT XeS) IN 401)
4002* RAtjK4 (TEXT XIS) IN 'IOU
402~ HFURMS (NfnJ-KEY TEXT X(9) pj- 40t)

4003* DESLl (NMI£ X(I110) IN 'lOll
350~ EXPDATA CRG)

3511* SMA (TEXT XXX V' 350 \"lITH n:'il FUTURE ADDITIONS)
351* EFAC (INTEGER NU~HER 9(6) IN 350 WITH FEW FUTURE ADDITln~s

)

352* EUCCRG (R~ IN 350)
353* Euce (I~TEGER NUMBER 9(7) IN 352 WITH FEW FUTURE IDD1TION

S )
5S4~ 5UFRG (RG IN 352)

(Cont;rlUecl)

Figure 3. Schema and Ta11ies of Current
SYSTEM 2000 Data Base
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355* ESUF (~UN-KEY INTEGER NU~AER 99 IN 354)
356* REFl (NIH<-KEY TEXr X('l) l'J 3~4)

357* CNT (NON-KFY INTEGE~ NUMHER 999 IN 354)
3501* HAZRG (RG IN 354)

3502* lTAG (NO~-KEY TExT x IN 3501)
3~03* HAlO (TEXT X(5) IN 3501 I~ITII FEW FUTURE ADDI TIONS
3504* CONRG (RG IN 3501)

3505* CNTlS (NON-KEY INTEGER NUMBER 99 IN 3504)
3506* FORM (NON-KEY TEXT X IN 3504)
3507* INT (NON-KEY TEXT X IN 3504)
3508* DU~ (NON-KEY TEXT X IN 350a)
3509* CNTl (NON-KEY TEXT XX IN 35041
3510* FUNC (NON-KEY TEXT X IN 3504)

3515* KEYHG (RG IN 35011
3516* TKY (TEXT x(71 IN 3515 WITH FEW FUTURE ADDITIONS)
3517* REF3 (TEXT X(15) IN 3515)

3520* CMPRG (RG IN 3501)
3521* HAlC (TExT X(~) IN 3520 WITH FEW FUTURE ADDITIONS 1

TAlLY/All/FAC,FACN,HAl4,RANK4,SICI,OCC21

ElEMENT- FAC
***.***************.***

MINIMUM-

MAXIMU~'-

100

67070

6330 UNIQUE VALUES

l1q98 OCCURRENCES

t***.*.t._.**_*._. _
ELEMENT- FACN

MAXIMUM- 57a9

5749 UNIQUE VALUES

11496 OCCURRENCES

ELEMENT- HAZa
***t.t.t._*•••• _.*... _.

AIOOI

99999

8513 UNIQUE VALUES

8536 OCCURRErlCES

*************.*********
ELEMENT-

•• *.******.*.**.*******

r-IA XI MUM-

00001

07285

726b UNIQUE VALUES

853b OCCURRENCES

(Continued)

Figure 3. Schema and Tallies of Current
SYSTEM 2000 Data Base (Continued)
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****~****~*************

ELHH'.NT- SICl

MAXI~lUM-

1600 UNIQUt VALUES

1672 UCCURRENCES

ELEME~T- OCC2
****~*********~*******~

MINIMUM-

1.11.12 UNIQUE VALUES

I.lQ~ OCCURRENCES

TALLY/ALL/EFAC,EOCC,HAZO,TKY,HAZC:

ELEt·1ENT- EFAC

MINI~HJM-

.MAXIMW·l-

1001

67070

1.1'1'16 UN I(WE VALUES

Qll'lb OCCURRENCtS

ELE~IEN T- [OCC

jllS UNIQUE VALUES

1.10123 OCCURRENCES

ELEMENT- HAW
** ••*******************

MAXIMUM-

ALDOL

9'1999

3781.1 UNIQUE VALUES

Q81111.l OCCURRENCES

***********************
ELEMENT- TKY

MIll IHUM-

11AXIMUM-

0001801

000131;2

1290 UNIQUE VALUES

£1062 OCCURRENCES

ELEMENT- HAZC

91.1220
-----------------------

1.l392 UNIQUE VALUES

£121 I.lQI.l 1 OCCURRENCES
-----------------------
EXIT :

01.1/21.1/7<1 lQ:1.l9: 11 E/iD SYSTEr~ 2000 - '!ERSInN 2.80

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 IIAll Information ll 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 link 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 anyone 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 "All Information" Report. The IIAl1
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 IIAll
Information ll 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
is a unique product, marketed by a manufacturer under a specific name,
composed of certain identifiable chemical compound components. One of the
components contained in a trade name product may itself be a trade name
product, in which case that component is considered a secondary trade
name product, which, in turn, may have as a component another secondary trade
name product. Atrade name product that contains complete hierarchies of such
products, or one that has no secondary trade name product, is a primary trade
name product.

All the trade name products, primary or secondary, 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
components, 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 llRedbook li summary report,
which is 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 NIOSH internal processing for trade
name data. This processing is an activity that has been delayed, partially
by the sheer volume of work involved, well beyond original expectations.

In January 1973, a Request for Proposal was let to procure the product
formulations for those trade name products found in industry during the NOHS.
Approximately 75 percent of the data collected was in the form of a trade name
prOduct, and the ingredients were needed to describe accurately ~he chemical
or biological exposures to the employees covered by the NOHS. The contractor
proposals to procure the product formulations were eYa]uated~ 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 requests.
Also, the impact of secondary trade name products on the amount of processing
involved was not realized until responses from the first full-scale mailing in
April 1974 were analyzed. Resolution 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 modification, 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 ambiguous 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.
COC-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 inquiries 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 reloading 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 IIRedbook li summary report
procedure. The IIRedbook li 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 a trade name key
within an occupation group and hazard was to be resolved into components.
Fifth, generic records were to be eliminated within an occupation group hazard
when resolution is successful. And, sixth, the output load 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 occupation 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 in
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 Figure 4.

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

The first implementation of the NOHS update subsystem utilized a
binary search technique 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
revi sed load fil e and a 32-byte fil e that is used as input to the IIRedbook II

summary report procedure. As these files are created, each new facility is
matched against the facility file by facility number. The Inverse Inclusion
Probability (lIP) factor from the facility file is multiplied by each count
for that facility, and the resulting products can be used directly in farming
estimates for the IIRedbook li 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 once. Thus, this approach
was used successfully to gain counts of output records that could be checked
against later implementations from the same test load file. No 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 large component and load 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
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Figure 4. Design of Update Subsystem
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ISAM. However, a VSAM file requires more steps to create than an ISAM file:
Whereas an ISAM file can be written out directly from a COBOL program, a VSAM
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 loaded. 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 conventions are being followed. The experience of this project
shows VSAM to be slower in retrieval than ISAM on files containing up to
several thousand records. This comparison held true for retrieval on the
primary key whether or not a VSAM file contained alternate keys. A
contributing factor to the slower retrieval time for VSAM ts that there is
more overhead time (opening and closing operations) with VSAMthan 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
ISAM 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 load 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 large number
of accesses are made in a typical update run. Preliminary results of updating
with larger numbers of records and keys involved indicated that less 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 load files to the update procedure
will be very large, 100,000 or more records. Thus, the number of random
accesses in a typical update run would be very significant using the ISAM
approach; 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 core of
the update subsystem for NOHS. In this alternate update procedure, the first
step uses a sort of the load fil e 'bY TRN key. A fil e 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-caunt product needed for
the 32-byte file, conditions carried along for insertion in generic and trade
name component 32-byte records, and a tag to indicate which trade name keys
are to be resolved into components. A tag, XTAG, is also reserved within the
first 73 bytes to shaw in a later update that a record key has been resolved.
Thus, provision is made for updating the new load file without again resolving
the same keys into components. For the update processing to follow, all
generic records have their record tags changed to IlZ.11 On the output
procedure of the sort, those records having keys needing resolution are
processed through a simple sequential match, and a temporary file containing
all the records on the load file plus those formulated using trade name
component i nformat ion (the IIT" 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 a switch to be set if any resolution records exist
within a group hazard. Subsequently, generic records within that group hazard
can be eliminated. 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 fil e becomes input to the "Redbook II summary report procedure. For a
system flov/chart of the update subsystem, see Figure 4.

4. Revised "Redbook" Summary Procedure (Subtask 2.6)

Since the "Redbook II summary report idea was generated by RTI under
the previous data analysis contract (No. COC-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 also shown in the type of information presented by the
"Redbook ll report, and thus a desire was expressed to obtain a more readable
and useful format for the report.

RTI formulated a new "Redbook ll 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 line 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 is 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 lIP 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 lIP-count product from
the sorted 32-byte file is added to the estimated exposures and exposures by
tag.

The next step straightforwardly 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 IIRedbook" 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 ("0 11 records) from the master RTECS file, current as of October
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.
CDe-99-74-40) [lJ.

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 queries, however, which primarily were entered as card images
in-stream on estimate table runs, were not permanently stored anywhere and,
hence, 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 [pceJ 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 queries 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
query 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. Dividing 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 language
and was oriented toward the production of tables in Volume III of the final
report for RTI's previous data analysis contract with NIOSH [lJ. 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 information
was not expected to be significant in most cases. Thus, the query control
subsystem idea was no longer considered to be necessary and, therefore, was
not completed.

O. 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. COC-99-74-40 [lJ) 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
thrgygh 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 paragraph name to produce a frequency count of dynamic program operation.
Figure 5 provides an example of a BASE run using this technique and shows
frequency counts for several routines from the old projection algorithm.

Table II presents viable options in the projection algorithm based o~

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 listed in the "SIZE," IISIC," "BLS II (misclassifi­
cation ratio), and IIGROUP" 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 loss
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 computer program statement
to be incorporated as part of the combined retrieval report printing
operation. 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
consistent factor over 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
large 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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SEGIN-FREQ-ANALYSIS-OF-PGM-OPERATION
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ADD-QUAN
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2
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18
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Figure 5. Partial TRACE County for Base Run
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TABLE II. PROJECTION ALGORITHM OPTIONS AND FACTORS

Counts by Category
CONTROL

OPTION SIZE SIC BLS GROUP BREAKS

Base 7 65 3 6 8,190

1 4- 65 3 6 4-,680

2 7 65 3 3 4-,095

3 7 30 3 6 3,780

4- 7 65 1 6 2,730

5 4- 30 1 6 720

6 4- 30 2 3 720

7 4 30 1 3 360

IV-I?



2. Concept for New Projection Algorithm (5ubtask 4.S)

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 (lIP) multipliers for each
facility that was later inflated in an attempt to find such projection
factors. The new projection algorithm, on the other hand, gained efficiency
by further inflating the lIP 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 NOHS 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 collection 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 bas~s 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
earlier documentation). Within a stratification category of group, size, and
SIC, non response 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. Other 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 Yu' If there is no nonresponse, an estimated total is
given by the expression

L
T = L L WuYuI u ,

~=I us~
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\'ihere,

us£ implies the unit belongs to the £th stratum cell,

\~u is the inverse of the product of the fi rst and second stage
inclusions probabilities, and

Iu = 1 if the unit belongs to the reporting domain of interest
(denoted by usD), or Iu = 0 otherwise.

Denote units that are members of the respondent set by

usR,

and denote units that are members of the nonrespondent set by

usRc •

The summation over units within a stratum cell is, in fact, over the set
of responding units. The number of units belonging to the respondent set and
the £th stratum cell is derioted by

n{usRn,g,} •

The value substituted for the missing units is the average,

Yt = I (YuIu)/n{usRn£}
usRn£

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{usRn,g,} = 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

usRn,g,
will continue to be used, whether or not the group dimension has been
collapsed in £.
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The estimate of a total then becomes,

A L [
T = I I

2.=1 usRn 2.
(1 )

Writing products of the form YuI u in this expression is simply a matter of
notational convenience. In actual fact, the determination

uED versus ufO

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

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 involves 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, Wu, 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:

I [wu + I wu/n{uERnR.l] YuI u
uERn R. uERcn t

= I
ue:Rnt

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

(2 )

can be precomputed and stored for each

ue:Rnt •
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The estimate of total is then written,

L
T = I I ~1uYuIu

£=1 uER ru

L
= I I MuY u (3 )

£=1 uERn £no

The computational efficiencies result from using Equation (3) in pla~p of
Equation (1) or, rather, in place of an equation like (1), except that the
values Wu 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 (Subtask4.9)

As noted in Section 0.1, above, non~ 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 (lIP) factors at the
first and second stages of the NOHS sample design for each facility was placed
on thefacility'file as the first preprocessing step for the old algorithm.
Later, a second factor was formed by increasing this product to compensate for
the unsurveyed faci~ities 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 RTlis 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 lIP factor
alr€ady on the facility file, multiplied by the BLS size-1 adjustment when
necessary, as a simple projection factor. The sum of inflated lIP factors as
a projection of plants and the sum of inflated lIP factors multiplied by
payroll count as a projection of people yielded estimates very close to those
in Table 1 of Volume III [lJ, where the factors are adjusted for BLS size-I.
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 lIP factor concept. The revised facility file is matched
to the sorted exposure records from the retrieval process to obtain the
product of the count from each exposure record and the inflated lIP factor of
the matching facility. This product is added to the exposure records, which
are then sorted by SIC or occupation code so that the products can be summed
to produce the desired report.

Among the options for developing viable projection alternatives, the ALG
procedure could be considered as Option 8, considerably simpler than the other
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seven (discussed in subsection 0.1, above). Option 8 was developed in an
attempt to identify a bottom line, or a lowest cost approach, to projections
that maintain the statistical integrity of the old projection algorithm. The
total time and projections of total plants and people in plants are
illustrated 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 0 and are within acceptable limits 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 occupations 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 on 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 lIP 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 lIP factor
across the group by the average uninflated lIP 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

IV-22



respondents within the other groups for that SIC-size and by multiplying that
average by the lIP sum over the cell. The facility file that was formed with
the BLS size-l 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 algorithols for the three
size levels for each I-digit SIC. A revised version of NEWALG, ALG3, was
created adding new runs to aid with this process. The differences were felt
to be insignificant and due to round-off in the newly calculated lIP factors.
The continuation of the verification process, however, revealed that an error
was involved in the adjustment procedure for missing group cells within
SIC-size. The results of the old and new algorithm, including the differences
before the error was found, are shown in Appendix D. Corresponding results
after facility file processing was corrected are also shown in Appendix D.
NIOSH personnel were kept aware of all the improvements in the new algorithm
as they evolved.

4. Verification of New Projection Algorithm (Subtask 4.10)

Although 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
qualifications 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 error in the procedure.
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
national universe estimates for a particular SIC. This program was utilized
for SIC 21 to allow manual verification of the theory behind the new
algorithm. SIC 21 was selected because the number of records in it was
relatively 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 0, RTI found an error in the implementation of lIP factor
modification for the new algorithm as then formulated. The two lIP factors on
the facility file needed to be checked for equality before adjustment factors
were applied for BLS size-l or before reimputing was performed across BLS
SIC-size. If the factors are unequal, no further compensation needs to be
made for that facility since its second lIP 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 correct this
error in implementation of the new algorithm was made, and the resultant run
gave essentially the results found with the old algorithm, 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 differences 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 of 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 frameYJork of group within BLS SIC-size within
observed SIC-size. (For a complete description of the variance estimator
derived for the NOHS 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
example 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.



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 one system to the other, developed
by RTI under Task 5, provides a wider scope or range of available information.

1. Compatible Code Relationships Between NOHS and RTECS (Subtasks 5.1
and 5.2)

Access to the NOSH and RTECS data bases implies more than
administrative approval to retrieve information from either; it includes a
necessary linking or cross-reference 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 linkage systems to provide the desired accessibility of one data
base to the other.

The linkage of the NOHS and RTECS data bases enlarged the potentials of
both data bases so that each becomes a logical extension of the other.
Ideally, a suitable linkage 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, a search in the NOHS data
base on occupation or industry could establish a list of hazards (with CAS
numbers). The list 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 list of CAS
numbers could be 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 quality 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 currently
considered.

The code relationships that were found to exist, then, are trilateral,
with linkages 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 NOHS 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 link 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 overhead 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
to ISAM and formed the basis of the link subsystem actually implemented.

The NOHS-RTECS Information System (NORIS) was designed and implemented
with the test data fTles 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 NOHS 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 unique 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 to 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 (TSO) 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 to position the file pointer by a partial key of the CAS number itself,
and the file can then be read sequentially until this number changes.

A nonblank 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 order to
acheive a cost effective functional operation. The relative cost of data base
maintenance (data base loading and updating) needs to be balanced to the
anticipated retrieval cost. Combination of data from the three sources into a
single hierachical data base possibly would reduce the retrieval cost slightly
but would increase the loading and update cost considerably.

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 occupational 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 more
employees, and the first stage of the sampling framework restricts those
selected to certain metropolitan areas. Hence, the survey results can only be
used as the basis of national estimates applying 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 ne\'I 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 large facilities in a nonrandom manner also created statistical
di fficult i es.

Despite these restrictions, useful information from NOHS is obtainable,
and, during RTIls 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. COC-99-74-40) [lJ, 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 ll summary and the "All
Information ll 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 linkage
of NOHS and RTECS, as far as it has been pursued, offers a promise of giving
comprehensive toxicity and exposure distribution information. The creation of
a dynamic, reasonably efficient update subsystem to reflect continued progress
in trade name resolution within the data base structure was a vital
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 oriented toward facility file
criteria and was never clearly explained. Therefore, that query language,

~designed primarily to meet the needs of estimate requests 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, easi ly usabl e query 1anguage coul d be a very worthwhil e tool to
develop 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 one 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 development, 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 link subsytem might
well be considered for further study, although the existing link 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 method for
update, retrieval, summarization, and estimation operations on an edited,
congruent data base. This data base offers a valuable source of information
regarding the 1972 distribution of potentially hazardous employee exposures
across industrial and occupational categories in metropolitan areas throughout
the United States. Some general improvements for the current NOHS system are
recommended below.

8. Recommendations

First, an expanded query logic would enhance the value of the data base,
particularly for research purposes. Therefore, RTI recommends that effort 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 query
logic if it were linked to RPnlAIN and the "All Information" Report
capability. RTI recommends that this expanded report capability be
accomplished concurrent with the expanded query capability.

Third, a bilateral linkage between RTECS and NOHS would increase 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 OF 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 IIdimeythl formamide,
N, N-. II In addition to each SIC or occupation code and description, the
reports display estim~ted plants, people exposed in plants, and exposures,
along with grand totals.





EXAMPLE ALG3 IlEPORT IN INDUSTRV CODE ORDEIl 011/211/71)
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13 OIL AND GAS ExrRACTION
23 APPAREL AND OTHER TEXTILr PRODUCTS
26 PAPER AND ALLIED PRODUCTs
2B CHEMICALS AND ALLIED PRODUCTS
29 PETROLEUM AND COAL PRODUCTS
30 RUDDER AND PLASTICS PRODUCTS, NEC
32 srONE, CLAY, AND GLASS PRODUCTS
34 fAURICATED METAL PRODUCTS
3~ MACHINERV, EMCEPT ELECTRICAL
36 ELECTRICAL EQUIPMENT AND SUPPLIES
3B INSTRUMENTS AND RELATED PRODUCTS
]9 MISCELLANEOUS MANUFACTURING INDUSTRIES
73 MISCELLANEOUS BUSINESS SERVICES
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APPENDIX B

EXAMPLE OF II ALL INFORMATIOW REPORT

Enclosed is an example of the "All Information ll Report, which is based on
using the redesigned projection algorithm to produce a large number of
estimates necessary to generate the report. The IIAll Information" Report
gives estimates for each new combination of SIC, occupation code, and hazard
code if the user specifies "5 11 in Column 1 of the control card, 110 11 in Column
2, and IIW 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 jl/i11 be considered. The particular example report shown had IIS0W
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 possible value "for the
condition fields. The latter estimates are expressed as percentages. For the
example report, only the hazard IIPhthalic Acid Esters,1I with code M0382, is
involved. Columns 11-15 are used to stop processing after SIC 28 and after
occupation code 162, respectively. The IIAl1 Information ll Report should
provide useful estimates for a wide range of future NIOSH needs.







COOE Df.SCRIPT IOfj DATE OIl/ZOI7Q

26 CHEMICALS ArlO ALLIED PRODUCTS
qlll FORE.tIEN, N. [. C.

HO.i82 PHTHALIC ACID ESTERS

I:.STlMATlD ESTIHATED ESTIMATED X X X X X X X X X
PLANTS PEOPLE EXPOSURES fOfHl 0 F G l M P S V UNK

26 26 216 100

X X X
IfHE:r~S I TV (J U UNK

100

X X X
DURA TION F P UNK

100

X X X X X X X X X X X X X X X X X X X
CONTROL [I' EF FP tlG HI' PC CR fR GR OR SR OV lV NV IC LT DC NC liNK

100

X X X
FUHC lION F N UNK

to 100I

-f::>
26 (fIUHeAlS AND ALLIED PRODUCTS

753 FlllIGHT AND MATERIAL tlAIWUIl3
~10.i1l2 PHHJALlC ACID ESTERS

EST IMATED I:.STHIATED ESTIMATED X X X X X X X X X
PLAlH S PEOPLE EXPOSUREs FURM D F G L M I' S V UNK

26 611 611 100

X X X
INarlSI TV D U UNK

100

X X X
DlIRA T IOr~ F P liNK

100

X X X X X X X X X X X X X X X X X X X
cornllol [I' EF FP HG tiP PC CR fR GR OR SIl DV lV NV IC LT DC NC liNK

Jon

x X %
FlIlJCliUN F II UIJK

100



CDlll. OLSCIlIPT IntI OAT[ 011/20/1'1

2'1 PE IflOLEUH AND CUAl PIWDUCTS
~72 AUTOMOBilE DOOV REPAIRMEN

MOJD2 PHTIIALIC ACID ESTERS

ESTl/1ATE:O ESTIMATED ESTIMATED X X X X X X X X X
PlAtH S PEOPLE EXPOSUIlES f Ollf1 0 f G l M P S V UNK

1'1 1'1 57 33 H 33

X X X
INlENSI TV () U UNK

100

X X X
OUIlA I ION f . P UNK

\00

X X X X X X X X X X X X X X X X X X X
CDtHIlOl EP Ef fP IIG tlf' PC CR fR GR UR SII ()V lV NV Ie LT DC NC lJNK

3J H H

X X X
FUNCI IOt~ f N UNK

o:J b7I

en
30 RUDnER AND PlASIICS PRODUCTS, NEC

11111 fUIlEMEN, N.E,C,
M0382 PHTHAlIC ACID [BIEIlS

EST 1f·1A T1:.0 ES TI~'ATED ESTIMATED X X X X X X X X X
PLAtH S PfUPLE EXI'OSUIIES fDfIM () f G l H I' S V UNK

\1 32 32 100

X X X
INTE.NSITY D U UNK

100

X X X
IlUll ATlllN f I' urll<

100

x X x X x x X x x x x X X X X X X X X
ClJtHfWL [I' [f fP Ill; liP PC Cil fll Gil OA SA ()V LV NV IC Lf DC NC UNK

100

X X X
f UIIC r IlIN r N lJtlK

100



CUDE DESCRIPflON DAlE 0~/2017'1

30 RUBBEll AflO PLAST ICS PRODUC TS, NE.C
70 11 VEHICU:: WASHERS AND [OUIP/~E.NT CLEANERS

MOJ82 PHTIIAlIC ACID ESTERS

E3THIATEO ESTIMATED ESllr~ATE.O X X X X X X X X X
PLA/liS PEOPLE ExPOSUI1ES FDRM 0 F G L M P S V UNK

8 1& 110 100

X X X
INTENSITY 0 U UNK

100

X X X
DURATION F P UNK

100

X X X X X X X X X % X X X X X X X X X
CONTROL EP EF FP t1G HI' PC CR FR GR OR SR OV LV NV IC LT DC NC liNK

100

X X X
FUI~C T ION F N UNK

o:J
100

I
(J) 30 RUOOER AND PLASTICS PRODUCTS, NEC

7115 1I0T SPECIFIED LARORERS
MOJ82 PHfftAlIC ACID ESTERS

ESTIMATED EST 111ATEO ESTIMATED X X X X X X X X X
PLANTS PEOPLE EXPOSURES FORM D f G L M I' S V UNK

II I'~q 19i1 100

X X X
IIHENSI TV () U UNK

03 17

X X X
(JlJHA linN f I' UNK

100

X % X X X X X X X % X X X X X % X X X
CliNTROL EP H FP HG HI' PC CR FR GR DR SR DV LV NV Ie LT IIC r~c liNK

100

Yo X Yo

FIIIIC II 011 F Il IJI\K

100



Clillf. DlSCHIPTlllN PA TE 011/2011'1

JO RUnOER AND PLASTICs PRODUCTS, NEC
1111\ HEAVY EllLJIPt1£tlf MECHANIC5, INCL. OIESlL

MOJB2 PHTHALIC ACID ESTERS

l S TH1A TED ESTIMATED ESTIMATED X X X X X X X X X
PLANTS PEOPLE ExP1l5LJHE3 fORM D f r, L M P S V liNK

\\ 7b 7b 100

X ;.; ;.;
INTlNSI TV D U UNK

too

X X X
DURATION F P UNK

100

X X ;.; " X X " " X ;.; " " " " " X X " X
CON TJlllL EP E.f FP fiG tIP PC cn fR GR OR sn DV LV NV IC LT DC NC UNK

100

" " X
fUNCT ION f N liNK

CO
100

I
'1 .~o HUnUEIl AND PLASTICS PRODUCTS, NEC

1>'10 r1ACHINE IIPEHATlVES, MiSCELLANEOUS SPECifiED
~10.:lB2 PHTIIALIC ACID [STEflS

rSTIMATED ES f HIA TEll fSTJ'1ATEP " " X " " X X " X
PLANTS PEUPLE EXf'OSUHES f OHM D F G L M P S V UNK

\'1 3 115 3115 \00

" " X
INTfNSI TV D U utilI

100

:t " X
nUllA TJON I' P UtJK

100

X X " X X ;.; :r, X ;.; " X X " X X X X X X
ClJ IJTflflL fP 1'1' fP HG liP PC CIl I'll Gil on SII ov LV NV IC LT OC NC UNK

\00

" " "fliNCTlO1l f tJ UNI<

\ 00



CODE ()ESCfHPT ION PATf 0~/2011'1

H TRANSPURTATION EQUIPMENT
bl\O WELDERS AND FLAME-CUTTERS

MOl6Z PHTHALIC ACID ESTERS

ESTIMATED ESTH1ATEV EST IMATEl) X X X X X X X X X
PLANTS PEOPLE EXPUSURES FORM V f G l M I' S V UNK

q6 5Z6 1,056 50 50

X X X
INTENSI TV 0 U UNK

100

X X X
DURAT ION F I' UNK

100

X X X X X X X X X X X X X X X X X X X
CONTROL [I' [f FP HG HI' PC CR FR GR OR SR DV LV NV IC LT DC NC UNK

50 '>0

X X X
f1mCT ION F N UNK

CD
50

I
CO 3'1 MISCELLANEOUS MANUFACTURING INDUSTRIES

IbZ EIIGlIlEERlIlG AHD SCIENCE TECHNICIANS, N.E.C.
HOJ6Z PHTHALIC ACID ESTERS

ESTIMATED EST lilA TED ESTIMATED X X X X X X X X X
PLAlHS PEOPLE EXPOSUHES r61lM 0 F G L M P S V UNK

II J3 J3 \00

X X X
I tHENSI TV 0 U UNK

100

X X X
DURATION F P UNK

\00

X r. X X X X X X X X X X X X X X X X X
Corl TROL EP EF FP HG HI' PC Cfl F11 Gil OR SH UV LV NV IC LT DC Ne UtlK

100

r. X I.
f tltlC TlOtI f N ONK

\00



CODE. Il£SCllIPTllJN DATE 011/20/1<)

J9 MISCELLANEOUS MANUFACTURING INDUSTRIES
621j GRADERS AND 30RTERS, MANUFACTURING

~10JO~ PHTHALIC ACID ESTERS

ESTIMATED ESTH1ATED ESTlMATW X X X X X X X X X
PLANTS PEOPLE EXPOSURES fORM 0 F G L ~, I' S V UNI<

11 165 Il'l'j n n B

;;: X :t
WTENSI TV 0 U UNK

100

X X X
DUIlATION F I' urJK

100

l: ;( X X X X X X X X X X X X X X X X X
CONTROL EP Ef ff' HG IIf' PC cn fR Gil OR SR DV LV NV Ie LT 'DC NC LINK

67 H

;( X X
FUNCTIDtI f N UNK

117
OJ
I

lD ~'1 MISCELLANEOUS MANUFACTURING INDUSTRIES
611~ PACKERS AND WRAPPERS, EXCEPT MEAT AND PRODUCE

MO.HI2 PHTHALIC ACID ESTERS

EST It'iATED ESTIMATED ESTIMATED " X X X X X X X X
PLANTS PEOPLE [XPOSUHf.3 FURI1 0 f G L M P S V UNK

11 107 561 n n n

X l: X
IIHENSTTV Il U UNK

100

X X :t
DUIlATION f P UNK

100

X X ;( X X X X X X X X " X :t X ;( X X X
crill THilL. Li' CF FP HG flP PC Cil FR Gil OR SIl OV LV NV IC LT tiC NC lINI<

67 H

X " "fUNtT IOfJ f II lINI<

6-'



CUDE OlSCRIPTllHl OA H 0lj/2011'1

H MISClLLAN[OUS MANUFACTURING INDUSTRIES
656 PUNCH AND STAr~PING PRESS UPElIArIVES

MOl62 PHTHALIC ACID ESTERS

ES Tl r1A TEO ESTIMATED ESTIMATED X " " X X X X X X
PLANTS PEOPLE EXPOSURI:.S fORM 0 f G L M P S V UNK

11 H qq 3l H H

X X X
INTOISITY 0 U UNK

100

X X X
DURAT JON f P UtlK

100

X X X X X X X " " X X " X X X X X X ;(

CUlHROL EP Ef FP IIG Ill' PC CR FR GR OR SR OV LV NV IC LT lic NC UNK

67 H

X X "fUNC TJON f N UNK

CO 67
I
....... H MISCELLANEOUS MANUFACTURING INDUSTRIES0

hQO ~IACltlNE OPERATIVES, MISCELLANEOUS SPECIfIED
MOl62 PltTHALlC ACID ESTERS

EST 1/1AIlD [STIMATED ESTIMATED X X X X X X X " X
I'LAtlTS p[UPLE EXI'OSURlS fllllH 0 F G L tl P S V UNK

11 LillO 2,466 16 40 43

X X X
INTEIISI TY 0 U unK

100

X X ;(

DURA TION f I' IJrJK

'11 q

;( X ;( ;( X ;( ;( ;( X X l; X X X X ;( X X X
CWIT RUL I:.f' [f FP IIG III' PC Ctl FR GR (HI SR OV LV NV IC LT (J( NC UI·JK

1'1 34 31 I b

X ;( ;(

FUflCT IlW F N UtlK

\11 ',0



COPE. ()ESCIlIPT IUN DATE 011/20/19

19 MISCELLAtlEOUS I1ANUFACTURING !NllUSHllES
706 FPR~ LIfT AND TOW MOTOR OPEHAllVES

M010Z PIITHALIC ACID ESTERS

ESI111ATED ESTIMATED ESTIMAIED ;( X X X X X X X ;(

PLANTS PEUPLE EXPUSURES fUfm II F G L M P S V UNK

II H 99 B :n B

:t X :t
INIENSITY 0 U UNK

100

:t X X
DUIlA TlOII F P UNK

100

;( X X X X X X X ;( X X X X X X X X X X
CUNTROL EP (f FP IIG tIP PC CR fR GR OR SIl OV LV NV IC LT· DC NC UNK

67 13

X X X
FUNC TlON F N utm

CO
I 67
I~

r--'
H MISCE.LLANlOUS MANUFACTURING INllUSTRIES

7'i', flllIGIH AIW t1ATERIAL HANllLLRS
~103f.\2 PI1TI1ALIC ACID ESTEflS

lSlIMATE!) [STIMA lEO ES Tlt1AT[U X X X X X X X X X
PLAtH S PEOPLE EXPUSUlllS FOfHl 0 F G L M P S V UNK

\I Q51 1,353 17 17 66

X X X
WTENSI TY 0 U UNK

100

X X X
DURATION f I' UNK

100

X X X X X X X X X X X X X X X X X X X

CONTlHlL [I' £F FP IlG III' PC CR fH GR Oil SR DV LV NV IC LT DC NC UNK

II> 50 I b 17

X X %
f 1I1'IC 1 lUll f N UNI\

'iO H



CODE DLSCUIPTION DATE OQ12017'1

3? MISCELLANEOUS MA~UFACTURING INDUSTRIES
10', NOT 3PECIFIlO LAOORERS

1103132 PltTtlAlIC ACID ESTERS

ESTIMATED EST IMATEO ESTIMATED X X X X X X X X X
PLANTS PEOPLE EXPOSURES fORM 0 f G L M P S V UNK

II 116 520 JJ H JJ

X X X
INTENSITY D U UNK

100

X X X
DURA TlON f P UNK

100

X X X X X X X X X X X X X X X X X X X
CUNTROL [P Ef FP HG HP PC CR rR GR OR SR OV LV NV IC LT OC NC UNK

b" B

X X X
OJ rUNC TION F N UNK
I

,f-'
N 61



APPENDIX C

IIREDBOOK II REPORT EXAMPLES

Examples of the IIRedbook ll summary report in both hazard code and hazard
description order are contained herein. Each report displays, for each code
and description, the CAS ana RTECS numbers, estimated people exposed,
exposure percentage by each exposure source (observed, trade name component,
or generi c component), and count of occu pat ian codes. The II Redbook II summary
report procedure involves two steps: (1) summarizing the data for the desired
quantities to produce an output file, which also contains the necessary
descriptive information, and (2) using that summary file to generate the
report in either 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 load file available to RTI,
not from an actual load file.) The IIRedboak ll summary report, then, is the
last step in the update subsystem, parallel to the SYSTEM 2000 reload, that
gives summary information rpresentative of the reloaded data base contents.





"Red Book ll Summary Report
in Hazard Code Order
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(WA TUlLY IIAZAHD SU~lHARY IlEI'ORT

SDLHlCf. UF
UtP. EST. NO

ACT IRN 'Gl:.N OCCS C;HEMICAL NA~lE

100 2 TUNGSTEN uXlors
50 I VANADIUH OxIDES
III 2 CERAMICS
25 I II 1ST Mll NE PtlUSrllA TE

CARBONIC AClD
20 I TIlIP~If.lSPltOPYRIllINE NUCLEUTIDE
17 I TITANIUM, UXIDl:.S UF
III I PANCREATIN
12 ••• INVALID-HAZ-CODl:. •••

LEAf) UIWUNA n:, UASIC
12 I UUTYLtNE GLYCOL
10 2 ANTIMUNY SULFIDE
9 2 IH, S HlU I D

10 2 PUUR DEPHESSANTS
7 FATTY ACID GLYCERIDES
7 ALKYL PHENOL POLyETHYLENE GLYCOL ETHER
6 DIHf.T1IYLCYCUlPENTANE, TllANS-ld­

AHMUNIUH ALGINATE
AMINOPIIENUL HYORUCHLORIDE, PARA­
IIYOIWGf.NATED NAPHTHAS
CUALESCING AGENTS

2 I CIILOHINATED PIIUWLS
2 I VEGf.TAULE OIL VARNISH
b I AMINE SUAP
b I POTASII SOAP
5 BARIUM ALI<YL PIIENOLATES
5 CALCIUM ALKYL PHENOLATES
5 OHGANIC BURATES
4 TRIARYL PHOSPHATE

16 2 DINI TRO( I-ME. THYLtlEPTYLlP~IENOL
13 2 BUTOXy-OETA'-TIlIOCYANUDIETHYL ETHEH, BETA-
12 2 ••• INVALID-HAl-CODE •••
19 2 Hf.PTADECYLHIlDAZOLlNE ACETATE, 2-

£' ALKYL AllYL SUllIUM'SULFUNATE
£' ALI<YLPHENYL POLY[ nlUXYE THANUl.
3 2 ALKYL SIYRENE POLYMERS
B' I MI~l11NIUM pnLYSLlLFII)[

AMMUNIUM SILICATE
2 1 IIANllANE
£' 1 UEIASIIN

ALlJUD MEAL
BUTYflUNIC AC 10
CAI.CIUM AIIMUNIU~l NI IRATE SOLUTION

£' I'" INVALlD-IiAl-CUDE •••
7 I· {) ICHlUflU-11-N IIIWANIL INE, 2, b-
2 I DICllLOlllJPIWPIIlNANILIDE
2 I. Tl:.IH'PIITHALlC ACW, TETRACIILORO-, DIMElHYL ESrEfl

DIPIIENYL DIDUDECYL SILANE
£' I f.1!IYLUIl:.GLYCUL OIS(llllCHLURilACETATEI
£' I UIDOTHAL
2 I EIllHlN

r:.TIIYLI:NE OXIDE CONDENSATE
FLUOfWLUI\E OIlS

OATl:. 011/09119



QUATERLY HAZARD SUMMARY REPURT DATE 011/09/79

ESTlMATElJ SUUnCE OF
Ill'll HTECs PEUPLE EXP. EST. NO
CODr: CAS rlUl1tJE/l tlUflOEH [XPUSlO ACT TRN GEN UCCS CHEMICAL NA'IE

1'117119 0000ilOl37 12 HALAZOtJE
A175 I 12 IIEAVY f1E TAL STEArlA TES
1'117';2 b 11 2 2 HEXACHLOROACETATf
1'11155 12 HOOF HIOR N ME i'lL
II I ](, I 12 IOOOPHORS
AI 77/, OUOHO'j52 /,';? 2 I LINURON
1117(\'; 0121127.SlI2 2,5130 I> I MANEB
AI71l1l 12 METALLIC SOAP
AI 7'1/, 0021b5601> 1>5? I 1 MONOSODIUM ACID METHANEARSONATE
1'11801 12 • •• INVALID-HAZ-CODE • • •
AIlI22 12 PH INDICATOR
Altl25 005478'1112 2,568 5 I PIPERALIN
II \(\28 12 PLASTIC THICKENER
AIHIIO 12 • • • INVALID-HAl-CODE • • •
1'11858 0100119081l 12 RUTHINIUM CHLORIDE
AIIlb3 12 SKYDROL
AI 1171 OU 00 78/18il 65'1 I I TRIllUTYL PHOSPIH.JIWTRITHIOIITE, S,S,S-
1'11'123 0278'1bllllO 12 NITR08ENZENEIMIDAZOLE NITRATE., b~

fll1tHHl 1147 Ij 3 UNDEFINED CHEMICAL
no 0o.~ 3b • • • INVALID-HAl~CODE • • •
',10065 2,b811 5 2 INORGANIC CHROMIITES
1100111 bll3 I 2 • • • INVALID-Hlll-CODE • • •
/'100(12 51> SllDIU/1 PHOSPHATES

n Moon 12 I tlOI1GAN I C flUL YIlDENUfl CUflPOUNDS
I 1400'17 12 INUHGIINIC IRON COMPOUNDS0'1

1'10 1011 12 INURGANIC PALLADIUM COMPOUNDS
t·l0 112 12 INORGANIC MAGNESIUM COMPOUNDS
tlO125 0013173&il 12 LEAD MONUXIDE
nOl26 001314 1116 12 LE.IID TE TRUXIDE
flO 1II II 12 INORGANIC HURON CUMPOUNDS
t·l0 I qil :H, INORGANIC ACIDS
f1021l1 bq/ I fATTY ACIDS
tl023il 0000&4175 2q I ALCOHUL
11050? 12 F.POXIDES
tl03<'7 000lB075 2,b72 ? 2 Tfll CHLORUMI: 1HYl T111 0) PH THAll MI DE, N~(-

t103'17 000117017 12 I: THYUIEXYLJ PHTHALA!E, BIS(2-
tlO 5b2 UllllllJlI&1j1 2,1,/,0 4 I FERRIC DIMf,IHYLDITHIUCARIlAtlATE
f10377 000062737 2,&72 II 2 PHUSPIHJRIC ACID, 2,z-DICHLOROVINYL DH1UHYl ESTER
tl03110 Ol~ I I 2 ALKANES
1103(\9 1'/2 I ALKt/JES
t105'11 1'12 I CYCLl C IIYDROC ARHONS
tlOYl7 851 I 3 • • • I NV All D-fiA l ~CODE • • •
I~U'J I q 00007bO/,2 2,b72 7 2 TRICHLORlHll TRmlr: lIlANE
110'120 000011j1jj'1 2, bllll 4 2 [lflOflUl1l THANE
f'10117~ 2,672 3 2 MLRCURY-CONTAINING ORGANUMETALLIC COMPOUNDS
fl0 /197 12 MlI'UN I lJI1 CU,'1f'UlJtJDS, OHGArHC
110521 00'l00329/, Ill'; 2 2 POLYUlJTENl
tl0530 12 HUBBEHS, SYNTHET IC
flOSH 655 I I TISSUES AND TISSUE EXTRACTS
M053/j h~)~ I I PROT EI/jS
/10';5'1 701 I I DYES AND PIG~ENIS

HOS1l2 60 lJI LS, PETROLEUM-OlHIVED
110'j911 1&f3 I ALKYD RESIfiS



llUATERL Y HAZARD 811HMARV f{EPORT DA TIc 0 III d'1119

ESTIMATED SOURCE Of
IIAL HTECS PLOPLI:: EXp, EST •. tlU
CUIlE CAS NlJ(·UlEH N1Jl~IIEH EXPUSEO ACT TllN GEN (lecs CIIL~IlCAL NAME

HObOO 00 B002 7112 12 PARAFf IN
~106 0 5 008020055 3,519 I 5 7 MItlEHAI- Ull-
/'10625 0001125119 2,5110 3 I UNOECYL£NIC ACID
HOb26 00151

'
125 1j bll3 I 2 ZIHCUNIU~l OXIDE

~·IOl>n 12 GlJ~IS

1101>211 OOtl050.IOb b l17 I NAPIITHA
HObSLI bl17 I ALKYLARYL SULfUNATE
~'1 06 7 1 12 HHpEtl£S
1·1061\11 001.\1 5'/79 12 NEllDYMIUI1 OXIDE
1'10/,1\'1 00 DII'o05 7 16(\ I C,I. 77115-PIGMI:NT WIiITE 5
"10" 20 b55 I I IIUI'IAI~ St:IlUM
1'10751 12 LEADED ZINC OXIDE
1'10179 00llOlj0511 12 COCONUT DIEIIiANOLAMID[
IlOilO/> OOOOIl2/,L\(J 2,51\8 3 I PENTACIiLUIlUNITHOUENZENE
1101129 illS I 2 CHCIUM P£lROLE:Ufl SUI-FONATE
1'10[\/1 I 12 MAllAL.E
tlOB9 11 12 DUlLED LINSEED OIL
111000 007J32105 705 .) 3 ~~ ATE R
Hl002 1>59 I I SILICON!: RESIN
111050 0011001794 707 I I CASTOR OIL
flI055 007td1905 12,957 II II SUDIU~1 filSULfllE
till 07 000121255 12 M1PRULI Ut~

:111112 0000Jbl53 156 cllLorHlPt NT AfI-UURllE THANE
HI I 'H\ 00011127119 b i l7 I I-AUROYL tTIlANOLAMIDE

n HI2bl> 655 I I IlABUIT SElWM
I Hl.111 12 ~ A ~ INVALID-IIAZ-CUDE A A A
'J 111522 00')005907 12 TUHPElH Hit (GUM)

1'11_1110 OO1J0.s55iJ9 655 I I TllIWHBllpLASIIN
HI/lid blU I 2 IIlIIN llxIDE, RED
1'115'1b bin I SUHfACTAIHS
~I 1127 0110')'1119 12 VANADILJt~ OXIDE
tll157 1115 I 2 ZInc IlIALI(YI.DIHIIOPHOSPHATE
111£)0/ 12 A " A INVALIO-HAZ-CUDE A ~ "
1111130 b l17 I 'SODIUH ALKYl- Bt:NZ[NE SULfllNATES
t'11111\2 12 TANKAGE
II 1')2 '\ II> SUL OIL
til ')/>/> bfj!] I I PIlUSPHULI P I OS
112HO 12 SllDIU~\ LlllEAR ALKYI-IlENZENE SULFUNATE
H21117 1611 I SIYREtJf-IlUTAoIENI: LATEX
112 /1')5 H'I SULFATUl NlINllXYlJUL
rI2~)2 7 2,6[111 2 2 CALCIU~I SUAI'
r.l2~h9 I bll I ACRYLIC !:MULSION RESIN
112bOl> 37/1 CUCllNUT OIL SOAP
112tl;~ II bill I C6-C9 AIW~lATIC IIYOIWCAHUUNS
1121\29 J, c)/j 7 J Il PETROLEUH SPIRlrS
t'l i! [I (,5 0005'120 III 2,lJ72 2 2 CALCIu~1 CYANIDE
Hl')21 bl17 IlUTYL- LAUflVI.- Sn:AIlYL- AND DIETltYL A~1\Nll(lHYL ~IEHIACIlYLAlf.S

112'129 1115 I 2 UAHIUH PETHOLEUM SULFONATf.
1129/>5 707 I I CA!iTOH UIL ~Hl/lP

H2(~ U~.l 00211t~'jOb I 2 , ~; 1\ Il 2 I IJlfllLATAN
IIJ2/j I 0001 11112111 b5'} 1 OISllDILJM HEIHYLAHSllNATE
H52 'i 7 12 AIHIUN I ATED SUl'UlI'jlOSPHA IE
HII15 ') o III I,! 100

"
SUDIUM ANT1MONAfEt.



QUATEflLY ItAZAflD SUH~lARY REPllHT DATE 0lU09n9

EST I11A fED SUURCE OF
IIAl RTECS PEUPLE EXI'. EST. NU
CODE CAS OU11[1ll1 NW~IIER EXPUSED ACT TRN GEN nccs CHEMICAL NAME

11/1211<' 1'12 1 PETRULEU~I OIL
rllI/lb/3 0057936£10 615 I 2 CALCIUM PHENI\TE
1'01110 671 2 IHFRARED RADIATION
P01UO 6S'I I ULTRhVlUl.ET RhDIATION
l'OIlSO OHIJ05306 2111 XR
1'0610 1,008 1 1 CON TItWUUS NO I SE
1'0615 000071<'0 I 1,135 I f\ PN
1'0650 1,50S 1 VU
01"60 0000611197 679 3 A(ETIL ACll>
021320 0000676111 37 11 ACE TUNE
03298 0000711662 12 AClTYl.ENI:.
03600 000107131 2,672 2 2 A(RYl.ON IT III LE
0389" 12 ACTIVATED SLUDGE
0 11280 006039632 37

1
' ALK YLD H1ETHYl.OENlYLAMMON I UM CHLOR I DE

01j370 000107186 659 1 ALLYL ALCOItOL
0/J603 12 • • • INVAl.ID-HAl-CODE •••
OIJ60" 00lll1j6700 2 11 1 ALUMINUM CItLURIDE
0'1620 0100113013 655 1 ALUMINUM SULFATE
052"0 00 76/)11'11 7 1.>59 1 AMI10N I A
05270 012125029 12 AMMONIUM CHLURIDE
06111', 001336216 36 2 AMMUNIUM HYDROXIDE
06163 006 11UIJ522 706 1 I Afl~10NIUM NITRATE.
06175 007727"110 12 M~t10NlU~' PlRSULFATE
06500 000007703 HIj ANISE OIL
07310 007IJlI03bO 695 3 ANTIMUNYn 075115 00711110362 671 2 ARSENICI

CD 07555 166 1 AIlSUHC OXIDES
07570 001327553 659 1 AHSENIC TRIOXIDE
0136'10 000513779 12 UAlliliM CARI:lONATE
09070 000011 1132 261 BI:.NZE.NI:.
09316 0000"6699 2,672 2 2 Ll NOANE
10<'10 0000651150 12 BE.NZOIC ACID
1111"5 659 I BERYLLIUM llX IDES
120/>0 655 1 I BIULOGILAL SUBSTANCES
121llJ5 0000110057 707 1 BISf'HENUL A
129 /JO 3,1111 7 2 8 • • • INVALID-HAl-CUOl • • •
12960 0100/j33"3 2£1 I OOFliC ACID
13025 12 BRASS, OXIDES OF
13'~ 55 061TIJ'I9b6 12 HUlllJUl, BUTADIENE-STYRENE.
13[\',0 000071363 IlSI 3 BUT ArWL
13980 000071l933 659 I IJUTANUNE, 2-
11131]0 0001231l6/1 12 BUTYL AUT ATE
15570 00 7 II Ij 0 II 3'I 12 CADMIUM
15630 659 I I Ch()~lIlJM OXIDES
15730 00015&627 671 I CALCIUM LYANAHIDE
157/15 00130"620 12 CALCIUM HYDROXIDE.
157 IIi> 007175':>113 12 LAI.CIUM ItYPOCHLUfliH
1575'; 00130':>71)U 12 CALCIU~' OXIDE
Il3&b 0077li2112', 2,b511 2 2 GRAPHllE
17367 000 12lJ 3(\'] 615 2 CARBON DIOXIDE
17'1(,0 000ld0080 6',9 I CA1H1l1N MlJNOX I DE
17 1175 012,,9T6'12 6113 I 2 S TEE L
I TWI 0 0000',1,255 3,319 2 3 CAIWLHJ TURALHlf.lll!ll[



QUATEHLY HAZARD SUNMAIIY H[PURT DATE 011/0')/"1'1

[3rlt~ATI:.D SUUflC E Of
HAL IlTI::C:> p£IJPLE 1::)(1'. (3 f • NO
C(JDL CAS I'lU~llIlH IWl111ER [XPtlSED ACT THN GEtJ (ICCS CIIEI~ICAL NMIE

17525 000'IOn12 61.13 2 SILlCtlN CARIlIDE
17l> fl5 2,1109 I 5 • •• INVALID-HAL-CODE •••
lf1070 00007'1110 12 CIILUIWACETIC AClD
19 1125 671 I 2 CHIWI~IUM OXIDES
1961\0 0000"17929 60 " CITRIC ACID,.
t 'J7 69 12 COATING
19770 OOlllllOlll.ll1 12 COlIAL T
20 II', (10 71111a '~o 0 \2 ClWPER
20170 61\ 2 COPPEll UXIlJE3
20205 o0 13 IPI2 0 I 695 ~ ALUMINUM OXIDE
201110 01':>096523 12 CRYOL 1 TE
211'10 0001101121 b l17 CyeLDtIDANE
21':>(,0 OOOl01l930 \92 1 CYCLUII£::XANOL
23.\05 60J 1 2 • •• INVALlO-IiAl-CUOE •••
233(,0 000 .B.\ 1115 2,6l2 I 2 PHOSPIIUlWT Ii 101 C AC I ri, 0,0-0 I ElIlYL 0- (2- J SOPIWPYL-6-ME TllYL-II-pvn I MID I NYL
2361>0 000 I 069311 2,672 3 2 o IIlfWMDE IIIANE, 1,2-
nooo 12 • •• lNVALID-HAZ-CODE •••
2 11003 0000'1':>501 12 01 CHLORUBf.tJl(NE, ORTHO-
2/1006 000 I 0 b l16 7 12 OICHLonUUENlEN£, PARA-
2/1 0 ()~; 000075718 20 11 2 DICHLORUD I FLUORm,£ TliANE
2/11 :\0 000107062 3.319 2 J 01 CHLUlW£ THANE, 1,2-
2 11d5 00 0075113 q 655 I 01 CflLUIWFLUOIHJI1[ THANE
2 11210 00009 11157 731 2 OICIILlHWPHfNUXYACET IC AC 10, 2, II"

in 2 111li'S 001.\203]2 160 I IHCHUlIWT£ fllAFLUOllOElHANE
:I 211615 0001111lC2 603 I DIE THAtWLAfllN[

'lD 2'~5/111 000111 1j61> 707 I OIUHYLUJf. GI.YCIlL
21lH',5 12 UJAHEL
2/Jl\IJ 0 000115291 2,6-'2 I 2 ENIJOSUl.F ArJ
2'}'nO 000111762 b l17 ETHANOL, 2-HUTUXY"
31/170 0001 '1171J1l 2,2'i3 I /1 I:.HIYL ACETATE
31500 00006/1175 :S, 193 2 7 ETHYL ALClIliOL
32201 bS9 I • •• INVALIO-IiAl-CODE •••
32111'i 000 I 07211 1.l15 I 2 I:: TIIYLENE GLYCOL
.\2':>')0 DOOOil02') I 2, 2 1j I I 3 ETIlYL EIIIEIl
32q flO o0 0 0 7fJ 10 /1 12 lIHYL SILICATE
Bil') 12 FELDSPAR
Bll,O 0071050IJO 12 rfHRlC CIlLORIOE
:S~~b5 OllllO/'j691i 11 117 I 3 THJ CHLflHUFLuorWI1E TIIANE
.L}1j95 a l'ISQ2235 12 F1-.IHlIlSPAH
3\6110 OOOO'jOOOO 211 I f(Jfl~1ALDUIYD(

B 7,~O 00006/111l6 12 fUflMIC AClD
350115 0000':>6il15 IlIJ I GL YC£fWL
J~)')O 7 b03 I " Gill tJO HH: valEEL [lUST
35<)1>0 00007bll '11l 2,6111l I :I IlLPTACflLUfJ
3ilOI,0 0001112!1,!5 /)Ij I IllP I AtJE
.lbl>Wi 1037

'
1 II It VllilOlW I NiHIL S

30 II a 0000703011 2,<)1>2 I 2 H[ xACilL OlIO/' ilENE.
36,/',5 000 II 05'0 6q7 Il[XIINL
:lI'll 0 00010/1101 12 m.HIYL-2-P£NTAN()NE, 11_
:I/ldO 000107111'.1 7117 I IlLXVLUJE (;LYCOL
.1 Il'i II 0 00/6'170 I a ~b 2 II Yl\IWC(.tl CIlLlJllIDI:
SlIbor; 00772211 111 12 II Y() IWG EN PLilOX 11)[
'100.\° 00 71.)~51.ih2 12 JUDIIH:



lJUA TERL Y itA ZAfW SUM~IARY fll:YOIH DATE 0 11/09179

E3 TII~A TEl> SOURCE OF
ItAl RTECS PEUPLE EXP. EST. NO
(lJor CAS IlU~'lltR NUMUER EXPUSED ACT TRN GEN OCCS CHUllCAL NAME

1102'17 65'1 I IRON OXIDES
IlQl/30 000071\831 12 130IJlJTYL ALCOHOL
40'110 000076'j'1l 647 I SOPHORlHlf
'109811 000108214 12 ISOPROPYL ACtTATE
110987 000067630 1,326 I q ISOP(jOPYL ALCOHOL
111775 0013325/)7 12,937 5 2 KAOUfJ
'12 3~;5 12 LACClUER HHNNER
/12'110 374 • • • INVAL lO-tlAZ-CUDE •••
11 2'l'1 0 007 /139921 61ll 2 LEAD
112685 659 1 LtAD OXIDES
113360 007706303 12 MAG~ltSluM CHLORIDE
4B'J0 6S9 1 MAGNESIUM UXIDES
411000 007'139'11>5 12 ~'ANGANESt

4 /1025 12 INORGANIC MANGANESE COMPOUNDS
1111030 001313139 12 MANGANESE DIOXIDE
44035 I>S9 1 MANGANESE OXIDES
4 /1'115 2,S06 I 1 INORGANIC MERCURy CUMPOUNDS
115315 671 2 MERCURY OXIDES
115950 00001>7561 317 1 ~1[ HIIINOL
46,' I 0 00007243S 2,672 I 2 ~IE THllXYCItLOR
116970 000071551> 1,302 2 TRICHLORUETHANE, 1,1.1-
47030 000100872 647 ME TItYLCYCLOHEX ANE
117210 2,508 1 I ••• INVALID-HAZ-CODE •••
117270 000075092 293 I DICHLOfWl1E THANE

n 117/100 00001>3252 72 NAPHTHYL ~-METHYLCARUAMATE, I-
I 48628 1>59 I MOLYBDENUM OXIDES
I-' "01120 007440020 12 NICKEL
C> 'J01195 659 I I NICKEL OXIDES

507 112 007691312 12 NITRIC ACID
50865 007727379 11>6 I III TROGEN
501175 659 I NITROGEN OXIDES
51118 01002/~972 15& NITROUS OXIDE
51705 000111659 6 III OCTANE
52130 003 I I OIL, LUIlE
521 111 615 I 2 OIL, ~lOT{)H

~21112 72 OIL, UTHER
5211!3 03Q I 2 OIL, PENETRAIING
5?1 115 12 OILS, VEGETABLE
521<10 000112001 647 OLEIC ACID
52 /100 0001 1141>27 48 I OXALIC ACID
53'100 0046051 117 1>59 I P/lHAClUAT
~Ij I 1>0 000087865 2,b72 2 2 PEN TACHLUI!OPHUHlL
~14 7'10 000127164 6 III TETRACHLOfWl THYLENE
~77110 007003512 bSQ I PHOSPHINE
511S20 00161>43112 1,403 4 PHUSf'Hlll~ I C AC I ()
59162 001314803 6117 PHOSPHORUS PENTASULfiDf.
59173 12 PHUIOGRAPHIC PlA IE CLEAlIER
SClIIIl':) 2,1109 I 5 PIGflUHS
1>012" 00711 1100b'l 12 I'l./\ TI NUH
60360 007 11117 'jO 7 12 PUTASSIUM CHLOHIOE
60Y70 007709001> 2, 'jOI1 1 1 POTASSIUM CHROMATE
60'120 01 110 7'j'>3 7 683 2 PlJTA:;SIUfl TE THAfLlJURtlllORATF
1>0 11110 OO13105!U I , .~ I" 3 rOT /ISS I I./H HYDROX lDE



QUA TEIlLY HAZAIW SUW,1AIlY IlEf'llIH DATE 0 11/09/79

ES THIA TEU SUUIlCE OF
IIAl IlTECS PEOPLE EXp. EST, NO
CllUl CAS rWHuEH NUHllEH EXPUSED AC T TIHl' GEN OCC S CIIJ::MICAL NAME

6011'10 0077221.1j7 12 POTASSIUM PEIlMANGANATE
60Sl10 00177U805 6'15 3 PUIASSIUH SULfATE
60570 00033..\200 12 PUTASSIUM THIOCYANATE
60113 003 I PC-GL
62 11LJO 00007909 1j 12 PHOPIONIC ACID
l>31j~5 0000'>7556 119 2 pHUPYLENE GLYCOL
65070 001l00"\..\/17 2.672 I 2 PYIlETHRUM
6501)0 OOOIlOUbl 281 PYRIDINE
66'195 o 1111I 0U60 7 J 2 OUAHTZ
67 '10S 007

'
1110 I 66 12 I<fWD I UM

67';10 0000U37911 2,672 I 2 fWTENlJtll
67'011 12 IHJlJUERS, NA TUll AL
67559 12 HUUUEI1, DWEH
bJ6110 00001.'1721 12 SALICYLIC ACID
61l2')''> oon ll2 1192 12 SELENIUH
611'; 11 31 11 1 StlMIPUO
/>1\512 00'10005'13 61n 2 SHlLLAC
6116'; 7 001..\'1110'111 707 J SILICIC AtID, DISODIUM SALT
61l7b6 675 I 5 SOAP
bllUSO 000 II 9 719 Il 719 /1 SUlJllIt~ CA/WUNATE
61111]0 00777':>099 b':>'l I SUDlU~l CHLORATE
b/lIlIlO 007b l1711l5 T.B It SOlJIlJM CIILORIDE
/>U'I';O 00011j..\H9 12 SODIUM CYANIDE
LJ'lOOO 025ISS..\OO 12 SUDIUM DQDECYLUENZENESULFUNATE
b90~)S 010 I 2'15/> 0 12 SOU I LJt.I HE XAME TAPHOSPHA TE

n lJ'IO 10 0013101..\2 12 SUllIUH HYDHOXIDE
I b'IO'lO 00/0[\1'329 b'l5 2 SUlJIUM HYPOCHLllRITE

1-' h<)220 00/6.\1'I'Iq lJB} 3 SODIUM NITRATE
1-'

lJClIIl'O 001:.\13/\22 12 SllDIU~l SULfiDE
II 'I III 0 007751113'1 12 SUDIU'~ SLiLf 1ft
lJ<)J311 00900';2511 12 STARCH
/>'1/\5" 00[\OSC1l13 1'12 I STllDIlARD SOLVENT
70U'I'; 0077 OIUJI'I ..\ ]/1 SULfUIl
70n70 007bbll'l..\9 LJ7'1 3 SULFURIC ACID
70,/')5 2211 II SUllfACTArH
7 lOr, 'i 01

'
1[\0 I'I/,/> 2,b'l0 I 3 TALC

7111 /1 0 oooO](\OO;~ 6117 TETflAETtIYL Lf:.AD
]1/\00 o 0 0 01'; 7II I 11117 TE IHAME TIIYL LEAD
71'1011 00OI.17?01l 2.b72 2 2 TETllM1E IIIYL IHIURA~l DISULF IDE
720n~) />5'1 I HIALLI U~l OX I DES
73015 007 '1'1031 ':i 12 TI II
7 3 (~I.J S 00 711II 0 32lJ 12 Ilf ANIU~1

] 3251\ 851 3 ~ ~ ~ INVALID~HAZ~C(lDE ~ ~ Il

, 73..\00 000 I 061JIl.\ 6 1';9 1 TlH.UtNE
7..\':>1'0 11 /17 THANSHISSIUN FLUID
7H.IO 0OOI2b/3/\ bll] tflillUTYL I'HU51'IIA IE
7 J1'jO o .13 0 /J" 1/\ 'I 2,1>/2 I 2 01 CIILOfWO II't1FtJYL I fl I CIIUlIIOf: I HANE
757'10 00007'10!h /l'1] t TtIYLHIE, TfIICtlLOfW-
lJil1I0 2, ';1\11 I I ~ ~ Il INVf\l.lll-IIAZ-CODf: Il ~ Il

7..\<iOO 0000'1..\ 7b', 7.11 2 THICHLOHIII'IIUWXYACETIC ACID, 2,11,5-
7/11 ')" 00 T60 I SWI 6 1)5 2 SUDIUH PIIUSPIIA!E, Till
7'1'1 'IO (JOIIO 01'1.>112 I ;~ ILIIII'E~IT INL
751 ':ill 12 UNCII



HAL
COOL CAS IJlH'illlR

HH:.CS
NUMBER

ESTIMATED
PEUPLl
EXPOSED

lIUATERLY HAZARD SlIfH1ARY REPORT

SOURCE Of
EXP. EST, NO

ACT TRN GEN UCCS OIUIlCAL NAME

DATE OII/O';;7Q

n
I
I-'
N

7&612
761d 11

7htd b
7&617
76610
76120
7711 ':>
771 ':>0
7715':>
77190
771 '15
77220
7726':>
BOOl6
BOOIB
BOOI'l
800<'2
00027
00052
80057
110030
00039
BOOl.l6
flU050
60051
110053
flUO'.ib
/J00'j9
OOObO
/JUObl
800b//
0006',
60073
BOOn
0007'1
flOO'lO
1100'11.1
800'16
00108
0010'1
00 I I 7
flO 12 11
001 112
001 1111
80lS3
00 I ~; 0
00161.1
0016 c)

001l2
no 177
n011)1
1101(12
00103

00lJOb50ll?

001 H0207
0071.11.10666
00761160'.i7

001311.11..12

0077H020
007 11110677

0006.37127

0001217':15

008006';110

001..117555

0060020'15
007770'>09

007775191
0077'>02'11.1
OU6B51.1'120

00600'1051\

00176 11101}
000511&'150
0077 72'107
00771\5202
0060':10097
01630'1881

007601905

228
bill
&59

1,3"19
659
851

12
2,6?b

12
168
659

2,b811
12

655
2,2111

12
bS'I
216

13,795
2,6B'1

12
.17/1

2,672
6':1"1
220
108

2,68/1
36
12

'152
12

720
12

6S9
& III
20'1

12
Jill>
281
37 11
b67
659

12
12
12

7 \)0
118

1<',2'10
12
12

1>'i':1
12
12

7

:\

/I

I
10

I
.1

.1

I
I
2

I
3

I
3
2
2

2
I
/I
I
2

3

2

2

2
I

WATERLESS llANO CLEANER
I~AX

CAHDON ARC LAMP GASES
CGAS
wELDING RODS
XYLENE
ZINC
ZINC CHLORIDE
••• INVALID-HAZ-CODE •••
ZINC OXIDE
ZINC OXIDES
ZINC SULFATE
ZIRCONIU~1

AIR FHESliENER
CURRECTION FLUID
DRAIN OPHJER
FILLER CUMPOUND
ARUMATIC HYDRUCARBONS
SO'IL
ALUMINUM STEARATE
INORGANIC A~NONIUM COMPOUNDS
AJAX
OIl THYL MERCAPTOSUCCINATE, (1,0- DIME TtIYLOITHIOPHOSPHATf. OF
HEHfJICIDE
LANOLIN
oIL, LINSEI:.D
MOLYUDENUM DISULFIDE
PI:. TFWLI:. ur·1 SUl.FONATE
UWIlGANIC PHOSPHATlS
PINE OIL
POTASSIUtI D!CflIWMATE (VI)
PUTASS!UfloxIOI:.S
SUD!UM MI:.TAfJUHATE
SOOIUr~ TIlIPOl.YPHflSPHATf.
SlIOIUfl rlllf1::>ILlCAIE
ALIPHATIC HYIHHlCARflONS
AIIOMATIC SOLVI:.IH
OIL::>, ESSUIT IAL
••• ·ItJVALlD-HAZ-CODE •••
PI:. TROLA TUr~

PHUTOGRAPHIC FIXER
STLlL, LlXlOES OF
sILVER NITRATE
MIIGNESIUfl CARI\ONATI:.
SUD I LJ~' THIflSULF AIE
AI~HONIUN SULFATE
IWSIN
[lOl(IM I TI:.
PRUDUCTS UF RUSIN CORI:. SULOEH
AMINlS
Ptf'IONI:.
PERCIILI.lHIC ACID
PHI: rJI)L1 C RI:. S HIS



(J

I
t-'
W

tlAl
(OPE

1l11\76
1111l7B
1\191'1
1\1')111
1:11 'I~ I
019':»
III '/7 S
III 'I 'n
1l1'l')11
1l200b
B2009
1:120S11
1:12105
1121'>6
02172
022 1 'I
022,' 7
02232
02237
02253
fi22le
021119
027'll
02110h
B2017
820110
112')3'>
ll2'1115
B2'i'd
02'ltd
1\2'11111
1:12')'lb
03()')5
113 I 'j7
03J2J
0.132';
BlJ2')
1.13_;'>11
0311',1
1\511 I')
113'>20
B35\0
IUbOO
/Ub'15
Ll3/06
/lJ7116
IU][I I
11\ lI.\fi
ILl 7')3

03'lOJ
11110',,'.)
II II I 711
111111\,'

CAS NU111111~

00"l7S09/6

0000~;5550

00051U521l
001727211
00 130i~ljn

o 0 76 32 U1I II
0013131,06

06111\9977

03S11711199
001111191:13

0101 111001
00 nIl2'192
o13111j'jJIlll
000062';1>6
001300721

00737'1,?1l 11
00111 '120 I
OOI_DO/IlS
000 2111 '12 3
OOOISII>17
000091>377
OOUlnl>1

0000'11.11 110

OOUI>S/BIII
OUIlUlib/1I0

0000116717
0001,~OIl21

01J177BS32
00 I 3JE\lU[\
OOO'J 'II 7611
oIJ 0 ') 0 '13'1 11
UOOIOU02
000I_\9.B3

o IJ 191 /l0;~ I
o1212d,n
() 1200 1l1'd
OOOII~)\22

II 0 ,!b 7011 15

HT£Cs
IJUI-WEH

EsfH1ATED
PEUI'Ll:.
EXpUSEU

lb[\

2/ bElli
6b/
655

12
211
12

6'1/
_\6
12

2, blllj
2/51l1:1

12
2,672

659
bill

12
12
12
12
12

6117
illS

12
12
12

bill
2fJl
blJ7

12
bll7
6 117
1>55
(,117

2/ bill!
12

2, hll'l
12

3 III
3b

6 117
6117
6IJI
6117

12
/ ~ 1

7?­
2,SlIO
2,bl2­

12
2'n
1\ I 5

I (~

QUA TE:HLY ItAlAHD SUf1J·1AHY IlEpUHT

SOUHCE UF
EXP, EST. IW

ACI THN GEN OCCS CHEMICAL NAME

I CIIIWIHC ACID/ LEAD(2t) SALT (Ill)
2 LITHIUM GHEASE
2METIIVL-PAHA-AMINUPIIENLlL SULfATE, PAHA-
1 POLVPEPTUNf::

POTASSIUM OXALATE
POTASSIUM pEIlSULfATf::
SOUIUH ALUI-1IJ~ATE

SUDIUI·\ PUHlOIIAIE
sUDIUM P£lltjXlllE
SULflHHC AUll

2 TALLUVI
1 ~ ~ ~ INVALID-HAL-CODE ~ ~ ~

PULVETHOXY pOLYPHOPOXY POLVl:.THOXV-IUDINE COMPLEX
2 !'YHEllIlllNS
1 PUT ASs I UM 2-IlENZYL-II-CHLOHOpHENA TE
2 ZINC SULFIDE

GOLD C1ILlJHIDES
CHHOMIC PUTASSIUM SULFATE
sULFUIlDUS AC I(l
PUTASSIUM fHIPULYPHOSptlATE
Till OUI1E A
SUDIUM XYLENESULFONATE

2 rOLVMETHACIlYLATE RESIN
ETHYL[NEDIAMINETETRAIICETIC ACID/ SUUIUM SALT
TliURIUfl OXIDE
I'llUSPtlURIC ACID/ TRlTULYL ESTEll
CYCLUPl:.IH ANE
f1ALUTHANf
METHYLCYCLOPENTANE
POTASSIUM SILICATE
Ie Ie Ie INVALID-HAL-CODE Ie ~ Ie

MOHYLPENTANE, 3-
CEPHALIN
SODIIJH pAlJA-TOLUENESULflJt.IATE

2 PUTAsSIU~ SOAP
UHGANIC ACIDS

2 SUD IUI4 SOAP
THI CIiLOHUIlENZENE, 1/2,11­
PO!ASSIlJll PHUSPIIAfE, TfllBASIC
SUfW I fAN ,·\ONOllLEA f E
1·\EfHYLIIEXANl:./ ;~-

fl[lIlYLHl:.XAI~[, 3-
TlllCLOCAHllAN
[lflYL[lil:.DIM·lltlETETIHACETIC ACID, DIsODIUM SALT
Al.KYL UICflLOfWIll:.NlYL DIHE illYLAMflUNlml CHLOflIDE

2 AIHNU-.l,~,6-fHI(f1LUR()PICULlNIC ACID, II~

ZIIIC [HIYLCNEIJIS(DIHIIOCARIlAMATll
1 II riC NAI>II TII[:_NA TL
2 IJIS(CHLnIWplil:.NyL)-2,2/2~THICttUJfW l:.TIIANOI./ 1/1~

SUP [: Ill'lIOsl' II II 1LS
I SILTCA, AI·HlHrtHllJS fUSE()
2 IJAfllUM !'IIJ-NIIH_

PilL NIlL Ie ClI,'1pIllJNllS

DATE 011/09/79



lI~l

CIIDl CII3 tHnwLR
/HECS
rlUlIllEll

ES Tlt~A TlD
PEOPLE
EXPU3El)

QUATERL Y HAZARD SUMtlARY REPUIlT

SUURCE OF
EXP, EsT-, NO

ACT TRN GEH UCCS CHEMICIIL NA4E

!JATE 011/0'1/7'1

(I
I
I-'
..j::>

110111')
001'11
002111
110;'23
0022 11
110231
00230
002'1'1
002 ') 7
00252
U02')')
110262
00210
f102'111
002'1')
0032')
00327
8032')
0034'1
1.10371
00378
(10

'
113

flOLJ25
OO'I3LJ
BO'I& 1
1l0 lHlil
1I0'j 17
OO'ill?
1l0~<IS

ll0602
(10611
110615
110000
flOlno
800/,0
80'100
81010
f11000
01200
111 1) 3~

1116~1

81 (,/,5

61610
B167')
11I6B3
111711
III 7 13
0\726
017'iJ
817')7
III 10'1
010'0
OlllljS

025322663
00 f751l023
000051036
00000LJ021l
00712200'j
000057136
025\07600
007710\6'1
010121U6LJ
000~'IOb30

01')007011
0000016'1 11
00130'lLJOil
OOI3'U8llCl

00'1000117

oIIIOIJ21 0'1
00 II f1'.>5 ('j

0000 b I> IJ 112
00I3Hl39
000 1211 1j 14
000050215
00n20311~

007121 lj37

o 003 I'I/I 0 'I

00'100665'1
U2LJ'IOU51l3
0137116/,62

00'lU36195
0100~~1l15/'

00(7'.>11121>

00131/3'11
00J61l11lU

00012H73
ooob3565/j
01012 113 J'j
o 120ll'l"U2
0000';,,')') I
01015BOll2
OOOIIUZIO

1,081
112

2,500
30&
I>Q7

12,JIIII
112

6:47
2,5'68

12
12
tlO
3&

1/;>8
12
12
12

655
0'17

12
2,5138

12
1>55
655
b')S

12
12
12
12

0 111
61jJ
no
261
6')'1
bLJl
65'1
160

12
3,86

12
6,',')

0,11
12,3;02

1 bll
12
12

31711
6<)5

12
liOfl
655

12
h55

I b

b

2

3

1
2
2
I

POLYETHYLENE GLYCOL ETHER
PUTASSIUM BRUMIDE
PI PUllJllYL IJUTOX I Dl
ETIlYLlNUJIAMINETETRAACUIC ACro TETRASODlUM SALI
SODIUM PYROPHOSPHATE, TETRA
UREA
CIILOIWPH(NOL
CALCIUM SULFATE
CA!JMIUII SULFATE
L[fIO CAIHlONIITE
AMMUNIUM PHOSPHATES
ALUMINUM PUTASSIUM SULFATE
TARTARiC ACID
~II1GNESIUM UXIDl
MAGNESIUM SILICATE
COTT/)NSl:.ED
FISH ~IEAL

IHJfWor~ES

CELLULOSE, CARBUXYMETHYL lTHlR
(JUNE ~lEAL

(JISMUTlI SUflSALlCYLATE
FERRIC AMMUNIUM CITRATE
(JILE
PEPTllNI ZED IRUN
NUCLEIC ACIDS
POTASSIUM CITRATl
SOOlUr~ BURATE
SODIUM ~l(ltIOXIOf.

LACTIC ACID
OIPHOSPHORIC ACiD, TETRAPOTASSIUM SIILT
BARIUM SULFATE
PlRFUMf.
ANESTHE TIC
IIlwt·IAC1L
SODIUM PlIlJSPHATE, THI, CtILURINATEO
DillE THICllr~l

rULYVItJYL IICETIlTl ACRYLIC RESIN
rUTIISSIUM fl:.RRICYANIDE
• • * INVIlLID-Hlll-COOE •••
PUL YlUX Y-I ,2 -E TIl /\fIE 0 I YL), ALPHA - ( ( I , I, 3,3 - TE TRAME THYL BlJ TYL ) PilE NYL ) -U~'E. r;
tJZUN[
SlJD1UM SULfATt:.
FER TlLIlll?
CUPROUS UXloE
puT IISSIU~\ IODIDl
DR IER
Al()BISfUI<~'III~[Df.

BILIRlJBW
CIILCIU~l NITRATE
CALClur, TITAt/llll
CHLOI<UlIlXIIlIIH, fllllCETAll
fEHlllC IIlkHIHllHl SULfllTl
ISOPROPYL MYRlSlllTE



llUATl:.llLY HAZAHD SUmlAllY RI:.PUHT DA TI:. 0 /1/09179

EST H1ATED • SaullCE OF
IIAl InECs PUJPLE EXP. [ST. NO
CliDE CAS ~JUllIl[ll NUMllEf~ EXPUSED AcY TRN GEN UCCS CII01JCAL NAHE

0 1127 /1 007 /1079 117 12 MERCURIC CHLORIDE
0//321l b~9 I CflllALT OXIDES
0 /1377 12 ~ ~ ~ INVALID-HAZ-CUDI:. * * ~

11I1'12u 000~57..1llb 2, hl1/1 2 ZINC ACETATE
Olj'liiO 0121Y';7hl ..16 AH~H.lN I UM SULFI DE
1I 1111111l 007 h l171 0 I 12 PALLADIUM CHLORIDE
oIj 'I~; /) 000107926 12 llUTYIlIC ACID
tl 1111L.5 0077 [I 11'1 h 5 6'.:i9 I SODIU~l AHS[NI TE
liIlll 70 0001'12''>96 2,51H1 I NABMl
1\ 'I 117 3 OIOO'J'J/'io 12 LEAD NITRATE
0 1111711 010 I 0 Ub l12 2,51l1J I CADH1UII CHLORIDE
tI 11'; 311 00001>0'';15 72 DHILTHOA TE
0'15 112 000~)1>..I122 72 [: Til ION
tI 'I '.i 1111 o 0 T'I 11/, III 2 IhO 1 LEAD SUI.fATE
llll~) () C 6 117 PULYALKYLLNE GLYCOLS
011'; /) I 0000'J3T21 659 1 TflICIILOIWPIIENOXY)PIWPIONIC ACID, 2-(2,/1,5-
tJ Iltd 0 00051,96 /12 2,51\0 I C.1. Q2000-0ASIC GHEEN q
Illj I '.ill 0016101110 h59 1 ~1£THllXY-Q,6-flIS(ISOPROI'YLAMINO)-SYM- THIAZINE, 2-
1]117 ~i 'I b'll * * • INVALID-HAZ-CODE ~ ••
[111703 00/1l0311'10 12 HYDROXYLAHINE
0'1706 OUI.H/37'1 6113 2 FERHOUS SULFIDE
1I IIn 0..1 o 0 0 ., ~i 'I 9 Illj b'.i9 1 ETHYL DI-N,N-PROPYLII1IUCAROAMATE, 5-
90310 0013-1221 /1 12 ASIJESTOS

n 'IOJ20 00BOS"'12 /l Ib(l I ASPHALT
I
I-' '10 J _\0 2,bl.\lj 2 llJUHGANIC IJARIU~l (U~lP(jUNDS

01 '/03110 00\ JO?l1l9 12 fH.tJTOtiI TE
'10500 (,117 CllLlJlllNATED HYDIWCARnONS
'10'';'10 12 CLAYS
'101.> I 0 00000/ 1152 12 CUAL TAR
'101.>30 J 2 I NllH[iAN I C COllAL T (ONPUUrws
'101.>/10 2,hOO 2 IIiORGANIC COPPEll COMPOUNDS
'10690 bin CYCU1ALKANES
90150 1>59 1 ESIEHS
9071>0 12 ETIIEHS
'10030 6'.:<9 I FLUIJHINl COMPOUNDS
')0111>0 12 FflEUNS
90[\110 />117 GASUL HIE -L EAilE D
<J0'!..I1l IJIl-l 2 GLUE-RUlllllH BASIo
'110'15 OOIII..l'IB'I/> 12 IRUN
91115 '152 :> OIL, fUEL ND. I
'11120 6'.• '1 I I<[JONES
91160 2, bllil 2 INORGANIC LEAD COMPOUNDS
<J2120 707 I IlI<AI\[_ FLUlil
'12135 12 CATALYST
9211,0 2'n I cc
9t!~1~ f) />/\" DU;HE ASEll
l) 2;~~) l) IllS 2 DE TEIHilN T
I) 2 (~ill) 61>" I 2 lll1l11lFECIANT
')2,?1\0 36 DUPLICATOR fLUII.l
'122')() 2,1>9(, 1 :I DYLS
') ,~~" a IhO I [MUtS I F 1f_ll
IJ2Wi(j 2, '.;1l1I I I Futj[; I C!llE
9,' '17 () i:!, bl\/l I 2 C;I\I:ASI.



IIAl
(lIPE CA:l rJUMIIUI

RTECS
fWMIJER

ESTIMATED
PI:UPLE
EXPOSED

OUATE-IlL Y IIAZAIID SUMrlAFlY IH.PORT

SUURCE Of
EXP, lST, NO

ACT TRN GEN OCCS CIIEMICAL NAME

DATE O/j/09n9

o
,I
I-'
Ol

'12500
'12'52"
'12')/15
'12'j'l0
'12630
'126')0
'12670
92675
'12685
'12750
92760
'12 77 0
'12/JII5
92855
'12910
'12'180
93060
9/j220

168
36

3,3<?7
655
166

12
12

667
2,2/1\

12
36

166
12
12

b/j7
12
12

I, 1'52

2

OIL, HYDRAULIC
INK RUIOVER

II INSf.CTICIllE
I MEDICINES
I PAWT

PAINT THINNER
PIiOTOGIlAPHIC CHDlICAL

2 I'IHJTOGRAPIiIC DEVELOPER
3 PLASTICIZER

PHHIEIl
INK, PR INT ING
PROPELLANT-AEROSOL
ACCELERATOR, RUBOER
RUST INHIIJITOR
SOLVENT
WUT ING AGENT
ENZYMES
WOOOS



IlRed Book ll Summary Report
in Hazard Description Order





OUATEHLY HAZARD SUMMARY REPORT DATE 011/0'1/19

E:lTIMATlCill SOUllC£ or
HAl IHECS PICUPLE EXP. EST-, NO

"
(un[: CAS HUI·III£1J r,llHo\flEIl EXPOSEO ACT TRtI (;[N (JCCS CHEMICAL tJMlf-CD Inns 2,11,09 \ '5 ~ ~ ~ INVALID-HAl-CODr ~ '" ~

("':) A121l<) b/17 12 ~ '" '" INVALlD-11AI-CO[l[ ~ ~ ~ro A16911 6'59 2 \ '" '" '" INVALID-HAl-CoDE '" '" "[';;'L
A1591 2,672 12 2 '" '" '" INVALID-HAI-CUDE " '" '"~.
\2,>110 3,IPH 2 8 '" " '" INVALID-HAZ-CODE '" ~

C1i'Q Olj605 12 ~ '" '" INVALID-HAl-CUDE '" '"
-c III [\ 07 12 '" " ~ INVALID-HAl-CUDE '" '" '"
m I~ 131 t 12 " '" '" INVALID-HAl-CODE '" '" '"

fjQ 110Y>7 05\ I 3 " " " INVALID-HAI-CUDE " '" '"
CD 2330'j 6,1)3 \ 2 '" '" '" ItlVAL10-IIAl-CODE '" '" '"

5'.:' ~I 0 (Ill 1 b/l3 I 2 '" '" '" It~VALI D-IIAI-CODE " • •

W 110003 3b '" " '" INVALID-IIAZ-CODE. ~ ~ '"
~

2511110 \2 '" " " INVALID-HAZ-CODE " ~ '"
~ A11111 (I 12 • '" '" INVALID-HAI-CUDE. " '" ~

At /10 I 12 '" " '" INVALlD-IiAl-CODE ~ • ~
1112110 3116 I • " " INVALID-IiAl-CODE '" ~ "
1J20511 2,51l1l I • '" '" INVALlD-HAI-COOf. '" '" '"
1715S 12 '" '" '" INVALID-HAl-CODE ~'~ ~

322111 65 C) I '" '" '" INVALID-IiAl-CUOE ~ '" '"
112 1110 37 11 " '" • INVALID-HAl-CODE '" '" '"
B/17 '.j'> b ll7 '" '" '" INVALID-HAl-CON. '" '" '"
1311bll 2,5/l/l I I ~ '" " INVALID-IIAI-CUDE ~ '" ~

132'011 /lSI 3 '" ~ I< HIVALID-IIAI-COD[ '" '" "
/l2'>lj ll I, Ii 7 '" ~ " INVA~ID-HAI-CODE 4 ~ ~

n £111317 t 2 • ~ '" INVA~ID-HAZ-COD[ " ~

I /lolon 2111 '" '" '" INVALID-IIAI-COO[ '" '"
f .... In,! 10 2,5110 I I '" '" • HJVALI D-IiAl-CODE " ~ '"
l:L~ 92/111', 12 ACCELEIlA TOR, RUBIIER

(I t ';1,11 00006 111 <JI 67'1 3 ACETIC ACID
0,'[\20 OOOOo7b l ii 37 11 ACE lONE
o 3,!'>/l 000OIllflb2 12 ACE TYLENE
t125(,C) 168 I ACRYLIC EMULSIUN RESIN
03l\OO 00010/131 2,672 2 2 ACRYUHH TlllLE.
0.\/.\1)') 12 AC II VA TED S~UOGE

BOOI!> (,5~ I I II III FJlE SHENER
/lOO59 514 AJAX
1·\ IJ i~ .\ B IJ 0°0 hili 7~ ('II I ALCOliOL
llll Il I) 0 20 11 2 AL IPIIAI IC IIYDIlOCARllmls
IIIU/lI\ IJI~ I I 2 ALI(Ar~ES

110.\1\'> 192 I Al.I<ENlS
IIOS')I\ 11>6 I ALK YI) IllS WS
Alb20 6/11 2 ALKYL AllYL SODIUM SULFONATE
lUlol, 12 All<YL I>ICIiLOlllJlIEIJZYL DIMUHYlAMflllNIUtt CitLOllIDE
AIIUII /)117 1 ALK YL PIiEtHlL- 1'1lLYE. THYLfNE GLYCOL [TIlEIl
AI I,;~ II HIS 3 2 Al,KYI. STYIlENE I'OLH1EIlS
1101>',1\ &/11 I AI.KYLAllYI. SHLFllNATE
01121\0 OOB03'lb32 JIll ALKYl.DII"IE IHYI.BENlYLAMHUNIUM CHLOlllDE
A\I,;?IJ />,117 2 AU(YI.PHf.NYL PflLYEHHlXYf. THANOL-
Oil!, /0 uoo I 0711J1> 6,'<)') I AU. YL A~CUtI(lL

011 (, O~; o0 / 1I1I II 70 0 I'll I IILUHI fJlJf·\ CIIL()I~ I DE
202Il~; 001311 11,:111 /),')5 3 ALlll·II tlUI"1 ox IIlE
II02h/! n 1',007/>11 lin I AI.IJI'lINUI~ PIJlASSIUM SULfAIf.
IIOOll nOOl.dllal ,~ I ;, 1111 1 2 ALlJHf rJiJl" S I EAll ATI.'



IfAZ
cnOE CA3 Nur·HII:.R

RTI:.CS
NU/IllER

ES TIMATED
PEUPLE
EXPUSED

lJUATERLY HAZAIID SUMf1ARY REPORT

SUURCE OF
Exp. r.ST~ NU

ACT TR~ GEN aces CHUIICAL NA'1E

DA TI:. 011/09//'1

(}
.1
N
o

Oq620
A111')(1
(10177
037(16
A111115
052',0
MV57
AI ql'2
05270
110q'l7
0& I II~)

Obl63
O/d 75
(1025'1
Alb37
Alb30
00l'jl3
!\111IQO
111107
001100
01>500
07310
AIQ33
noon
1100'1 1

'

075
1
''''

0755')
07';70
'10310
'10320
61713
A16 111

'
AIQhO
01l6QO
112'12'1
i1 1117 11
00(,11
'1031~0

0'1070
10210
III1S5
AI I>~;O

tJOQ25
111726
120bll
IJ 3 79 3
1103711
121\11';
A11:>5(,
~IO 1\ 'I II
1\0371
12'1/,0
'12120

0100113013

001918021
000051785
00 76bll ll\ 7

00'100':>3119
01212502'1

001336216
006QOll'j22
0077275110

0090nOll5
01279 11'155
007783202
012135761
000121255

006007703
001""0360
00131150 116

007 111'03U2

001327533
OOIHalll
00 UO 5 2 II 2 11
000123773
0080i?'I2'16

00051377'1

0026781113
0017271137
00130270'1
OOOOll 1132
0000651\50

0007111S62

o 00/d'j65 11

000115322
oI II Il lie' I 0'1
000000057

°IOOIU353

6S5
707

12
7.st

12
6')9

12
12
12
12
36

706
12
12

2,5U8
\2

706
36
12

2111
3]1'
695
663
216

\2
671
\66
659

12
166
3111
659
6 1H

12
illS
IllS
hll7

12
2111

12
h'j9
65'1
6'35
655
655

2,672
2,56(1

707
12
12
12
211

101

6

(I

10

2
S

2

2

2
I

j

2
3

2
I
I

2
2

1
1
1
\
\
2
I
I

ALUMINUM SULFATE
AMINE SOAP
A/lINES
AMINO-3,5,6-TRIClfLOROPICULINIC ACID, Q­
AMINDPtlENUL tlYDROCHLORIDE, pARA­
AMIlUNIA
AMMUNIArED SUPEIlPtlOSpflAlE
AMMUNIUM ALGINATE
AMMON IllM CtlLOH IOE
AM/·IUNIUM CO~lP(JUNDS, ORGANIC
AIlMONIUH HYDROXIDE
AM/ION I UM NIl RATE
AMMONIUM PERSULFATE
AM/ION I UM PHOSPHA TE S
AMMONIUM POLYSULFIDE
AM~ONIUM SILICATE
AMMONIU/l SULFATE
AMMUNIUM SULFIOE
ArWROLIUM
ANESTHE TIc
ANISE OIL
ANTIMONY
ANTIt~ONY SULFIDE
AHOMATIC tlYDRUCARBONS
AROMA TIc SOLVENT
Af1SErJlC
ARSENIC OXIDES
ARSENIC lRIOXIDE
ASBE S TUS
ASPHALT
AZllBISFORMAMIDE
OANDANE
BARIUM ALKYL PHENOLATES
BAHIUM CAHIlONATE
BARIUM PETROLEUM SULFONATE
BllnllJ'lpl'ENATE
BARIU/' SULFATE
BENfONITE
OEIlZENE
BEIIZlJIC ACID
UEHYLLIUM OXIDES
BETASAN
~ILE

BILlRUIlIN
BIULOGICAL SUBsrANCES
1IIS(CHLOllQPHENYLl-2,2,2-TRICHU1RIJ ETHAlWL, 1,1­
IlIS/1UTH SUfJSALICYLATE
BISPH[NOL A
BLOOO /IE AL
OOILED LINSE[O OIL
BONI: 111: ilL
nOIlIC IICID
IlIIAKE FLUID



(WATEHL Y IIAZAHD SU~j~lAIlY HEPOIn IlATE 011/0"111'1

[S I HIA ILO SULlfleE OF
IIAI flH:CS P[llf'LL LXI', f.S T" NO
cullE CAS rJLlHIJUI NlH1IJFfl EXPUSEIl ACT rRN GEN OCCS CIlEMICAl NA~IE

\.:102') \2 BflASS, llXIDES OF
DOlUO o 0 03 1/1/1 0 '! b59 I IlfHl~IAC I L
HO/I20 o 0 0 U7/11l.\ ? 2,60/1 'I 7- BRor~nHE IliANE
13/\SO 00007\3/>3 IlSI J [JuTAi~nL

1.:I')/lO o U00., 119 33 bS9 I IlUTANDNE, 2-
A1')')0 000\12'.i&\ 2,1>7? IJ 7- IlUlnXY-L\!:TA'-TtHOCYANODIETHYl EHlER, HETA.
11131\0 000 i ?5 (\ 6/1 12 BUTYL ACETATE
112927 6 117 BUTYL- LAURYL- STEARYL- AND DIETHYL AMINUETHYL M£THACRYLATES
A\31>1 o2~i2blj 7')2 '107 \2 I IlUTYLEJjE GLYCOL
I\ljlj,)fl 00010792& 12 IlUTYRIC ACID
Al6bO 12 [\UTYIWtlIC ACID
(111620 000S696112 2,51l1J I C.I. 112000-0ASIC GREEN II
110/./\9 00 1311 'j 0r, 7 1M 1 C• I , nI15-PIG~IUIl WIlITE S
15'.i70 00 711 110 '139 12 CAD~1 I UtI
[l/lll7/\ 01010Ll6 '12, 2,511!l \ CA(JJ-1lU~l CIILnlllllE
1'01150 b59 1 I CADHIUM OXIDES
llil2'l1 01012 1l3bll 2,5Ml 1 I CAll/HUM SULFATE
A1~61 6 111 5 CALCIUH Al..I<YL PHENOLATES
AI (.b? I? CALCIUM AMMONIUM NITRATE SOLUTION
ISBo 000\5&627 b71 1 CALCIUM CYANAHIDE
H21lb5 00059?'011l 2, b12 2 2 CALCIUM CYANID£
157/13 001305£,20 12 CAlCIUM HYIlIlOXIDE
I ~;., 'I b 00 177 [j~i/n \2 CALC I Ut~ IIyrOCIII.OR I TE
III 753 01012 /13/5 I? CAL CI U1"1 NIT RATE

n 151 1j5 0013057flfl Ie CALCIUM OXIDE,
tllIl12'J [l\5 I 2 CALCIUM PETROLEUM SULFuNATEr,)
11 11111>11 005/93/1 110 015 1 2 CALCIU~' PHENATEt-'
/12'.; i~ 7 2, hll'l 2 2 CAlCIUM SnAI'
110211 II 00 777[l 1[1'1 6 117 CALCIU~l SULFAT[
/11751 (J 120 119502 16/1 I CALCIUM TITANATE
76616 6 ~j<) 1 CARUON AflC LAMP GASES
IB61 00 lIIZ/13fl'l illS 2 CARBON DIOXIDE
11/' 1>0 000b30ll110 t>S9 I CAHUON MUN(JXIDE
11 1j 9 0 000056235 3, .:119 2 3 CAllIIllN Tr:TRACHLlJRIDE
A11 111 00nQ6J196 12 CAIlilfl NI C ACI 0
HI030 OO/lUO 179 11 707 I I CASTOR DIL
Hi~'Jld 707 I I CASHHT OIL SOAP
92155 12 CATALYST
92160 2'/3 I cc
1I0,) Ij') 00'iOOO117 6 117 Cf.l..I,ULOSl, CARllOXYt~ETilYL ETHER
/130'1,\ 655 I CEPilALlN
AI02b 61\5 3/t 2 CEflAMICS
161> 11 \,599 10 eGAS
II O'.jO (j bill CHLORINATE" HYOflOCAflUUNS
AI Wi', Ibfl 2 I CilLilillNATLlJ PHENULS
111070 Un0079\1/I 12 eliUJIHlA CE TIC Ae III
/117 h') 000056951 l>~i5 I CIILUIHJIIEX 1fl I liE: DI ACE: TAH
til 1II? non07615'; ISh CIILOIHlI'lNT AFLUURUF. THANE
/I n i~ 5II o (~'i 16 7/I no Ie CI/l.lJlHJPlll1WL
11111'1h 1i0/7~;/I'I7/) 1611 I CIIIWHIC ACID, LLAO(?'1) SALT (I; \)
11223(' 010 I 11I 0 () I Ie ClIlHlMIC I'L1TASSIUI'l SIJLfATF:
1()n25 6/1 I 2 Cllfl(]\IIIJI~ fJXlflLS
!'1/>lIn 00001 I? i"l 60 2 ClrnlC ACII)



OllATERLY HAZARO SU~"~AHY REPORT DATE 04/09/7'1

ESTlf~AT[U SOUHCE OF
t1f1l RTEC5 PlUPlE EXP. EST, NO
COilE CflS NU~lll[R NUtlllER EXPUSED ACT TRN GEt! OCCS CHEMICAL NAME

'105<)0 12 CLAYS
'10610 000007452 12 COflL TAR
A1/141\ 12 COflLESCING AGENTS
1976 0 12 COA TI NG
19770 o () 7/140 4{\1I 12 COBALT
04328 65'1 1 COUAl T OXIOES
t1077'1 0080 lj0311 12 COCONUI DIETHANOLAMIOE
/12&06 37 11 COCONUT OIL SOAP
1'0610 1,008 1 1 COtITlNUOUS NOISE
20115 007 1j 110';08 12 COPPER
20170 671 2 COPPER OXIDES
80018 2,241 1 3 CORf/ECT10N FLUID
80325 12 COTTONSEED
20BI0 o 151)'1&'j23 12 CRYOLITE
81&7'1 0013173'11 168 1 CUPRUUS OXIDE
~'03'11 1'12 I CYCLIC HYDRUCARUUNS
'106<)0 61H CYCLUflLKANU
211 '10 000110B27 647 CYCLOItEXANf.
21';60 000100930 1'12 1 CYCLlJltE.XANOL
82'15" 00028 7'1~~3 6'l7 CYCLOPUHANE
tl21\24 b'l7 1 C6-C'I ARUMATIC HYDHOCAROON3
'12220 647 I)[GREASlH
922'jS 615 2 DETERGENT

(J 23660 000 I 0695 1j 2,612 3 2 DlflROMOE.THANE, 1,2-
I A16<)5 0000<)9309 2,588 7 1 DICHLORO-4-NITROANllINE, 2,6-

I":> 24003 0000'1')501 12 DICtiLOROfl[NZENE, ORTHO-N
2'l006 000106407 12 01 CHlOROIJ[NZENE, PAHA-
2IjO'l'; 000075110 2011 2 D1CHLOROD I FLUORO~IE THANE
737';0 033060189 2,672 I 2 DICHLORODlf'HENYLTRICHLOROETHANE
2/1130 000107062 3,319 2 3 DICHLOROETtlANE., 1,2-
2'l235 0000751IJ'l 655 I 01 CHLUfWF LUOHOM[ THANE
47270 00007')U'l2 2'1J I DI 1IILDRD~IE THflr~E

2 1,?, 70 0000'1£1757 lJl 2 DICHLOROPHENDXYACET IC ACID, 2,'l·
Alb'l'! 00070'1'/50 659 2 I DICHLDHUPROPJONANILIOE
21jl'25 001520372 168 I OICHLOROH. TRAFLUOROETHANE
24615 0001l1la2 6113 I OlfTHANOLAMINE
000'16 00012175') 2,b12 1 I 2 OIETHYL MlHCAPTOSUCCINATE., I),D- DIMETHYLDITHIlJPHOSPHATE OF
2')5'l II 0001l1lj66 707 I DIETHYLENE GLYCOL
Me'lll'; 002 112')061 2,5/1/l 2 I o If OL ATAN
IlO'lOO 00'l006b';'1 65'1 1 DI~'E THlcDNl
BII'}3 I, 0000bO'l15 72 OI~IETHOA [E
AI'l 110 00175'1506 6117 I> DIM[THYLCYCLUPENTANE, TRAN3-1,3-
AI 'lhQ 003607227 2,67(' 16 2 DIN IT RO ( 1-IIf.THYltIEP TYL) PHENOL
A\707 002A755'10 12 OIPHENYL OIDODlCYL SILANE
/J0602 00732054'; 0'1 , OIPHDSPHllRIC AC 10, Tf.TRAPOTASSIIIl~ SIILT
'12?hO hi>7 I 2 OISINFECTAJIT
M32 111 0001 1111218 6'.,9 I 01300lUM METHYLARSONATE
110 II,S o I 63 (1<) 'Ill I 12,2'10 3 I DOLU~11 TE
(1001'1 12 ()!lAIN lH'ENER
III 71 I 12 [)rnER
'1<'2110 ~& IHJPl.ICATflH FLUID
'122')0 2,1,')6 I 5 DYES
~·105 3'1 '07 I I OYrS AND PIGMENTS



QUAH.flLY IIAZAtW SU~lMAf!Y HEPORT OAI[ o/j/O'lI]'I

ESTH1ATEf) SUURCE OF
IIAl . RILCS PUJI'LE EXP. EST, NO
COilE CAS tJUfillER NUf1fl[f1 lXI'05EO ACT TRII GEN OCCS CHEMICAL NAME

'12320 161l I fMULSIflEH
~~ II BSS 12 ["AMEL
201l1l0 0001152')7 2,672 I 2 ENDOSULFAN
A\71 11 0001 1j57.B 659 2 1 E-NDUTHAL
'13060 12 ENZYMES
flO:109 12 EI'OXIDES
A1716 00013625 1j 659 2 1 [IHION
90750 6'.)9 I fSHRS
2'1'130 000111762 6117 £TIIANOL, 2-BUTOXY-
<)0160 ·12 ETHERS
IlII',112 00056:1122 72 ETIiION
31 1170 0001/11786 2,2'j3 I Ij UHYl ACElATE
31500 000061j 175 3,193 2 7 [TIIYL AlCOIiOl
/llj1l03 00OI5')I)II/j 659 I E. TIIYL DI-N, N-PROPYLTHIOCAtH1AMATE, 5-
3(51)0 000060297 2,2lj I I 3 ETIIYL ETIII:R
.~(1) Ij 0 OOOOIHIOII 12 ETIlYl SILICATE
,23115 000107211 illS I 2 ET HYLfHE Gl YCOl
AI719 009002900 12 ETHYLENE UXIDE CONDENSATE
7>7'l0 00OO7<J016 6117 ETIIYL£flE, TRICIILUHO-
(\0223 o 0 Il 0 b /1 02 I) 3il6 1 ETIlYLENEDIAMHIETETRAACETlC ACID TETfIASODIUM SALT
/l36113 000 I :1'1333 6111 E TIlYLlN£DI AMIN£TETRA.ACET IC AC 10, DISOOllJM SALT
(\2111l6 0013792fJ II 12 ETH¥lENEDIAMINETETRAACETIC ACID, SODIUM SALT
A1715 00(~5111536 65') 2 I ETIIYL ENEGl YCOL il I S (T HI CllllJROACE·T AI t l

n r105 LI7 000111fJI7 12 ETHYLHEXYLl PHTHALATE, UIS(2-

I A111:\ 7 1>117 7 FATTY \CIO GLYCERIDES

N 11021 fl 6/11 I FATlY ACIDS
w 35115 12 FELDSPAII

50111, 0011n5'575 12 FEIlRIC A~IHIINIUM CITRATE
1J11J30 0101350 112 12 FlIlllIC AI11-10NIUI'1 SULFATE
3511>0 0077050fJO 12 FElunc ClllUIlIDE
nO.It>2 IlI/111I1 II 6 111 2,660 II I fERRIC DIHlTIlYLDIfllIOCARilAMATE
5 11706 OO151l!>79 683 2 FEHllllUS SULFIDE
(\ 1III 0 12,302 16 2 F£HTlLI ZlR
IIllO;';> 659 1 f ILLEIl CUl-II'UUNO
n0527 12 FISH ~lfAL

'101\50 1>5'1 I FlUOR II~E COMPUUNDS
A1732 12 FLUOROLUlJE OILS
3JSt)S o llI'i lj225'j 12 FLUUllSPAII
5\1,11 0 0000')0000 2 11 I FOIIHAI.DEHYD£
31720 OOOOblllll1> t 2 FOIIMIC helP
'10/160 12 fHFIll15
nll~,o 2, ~lltl I I FUI1GIC IDE
'10/1110 /)117 GASULINE-Lf.ADED
'10'HO 6US 2 GI_lJl-lllJUIlEiI BASE
5~i 0115 0000561115 liB I GLYCEIHlL
tl2227 12 GillD CIILlJHIDES
17561> 00 nll?112!, 2,6UII 2 2 GilAPI1I n:
'12 1170 2, /dlll .1 " Gill: A51:,.
5','; 01 1>113 I 2 GIlINPII~G vlllEEL DUST
HOl>n 12 GUf.I:l
A\711<) 0000110137 12 HALAlONC
1I(~'1I13 () 0 () 1511,77 ?oil I IIAUlTllANE
Alhl I ,~ III:AVY ,·1r:TAl SHAllA rES



aUATERLY HAZARD SUMMARY REPORT DArt 0'1/09/79

lSTP1ATEO SOURCE Of
HAL RTECs PLOPLl EXP. [ST. NO
COD! CAS NUI1l}ER Nur10ER EXPUSED ACT TRN GEN UCCS CHEMICAL NAME

3~'lb0 000076'1'10 2,bO'l 1 3 HEPTACHLOR
AI5'12 00O')')b229 2,b12 19 2 HEPTADlCYLlMIDAZOLlNE ACETATE, 2-
3b060 0001'121:125 b'll HE.P TMIE
000')0 b59 I 1 HLROICIDE
A17';2 611 2 2 HEXACHLUROACETATE
36710 00007030'1 2,'1bZ 1 Z HEXACHLOROPHENE
36'155 000 II 05 1jJ b ll7 HEXAI;-lE
37630 000 I 0 7/11 '> 707 1 HE XYLENE GLYCOL
AII37 0000517'11 b5'> 25 I HISTAMI~E. PHOSPHATE.
AI755 12 ltOOF t HORN ~lE AL
0032'1 b55 1 HORMONES
H0720 055 1 1 HUflAN SERUM
505110 0(176 117010 36 2 HYDROGEN CHLORIDE
311bl)5 0077228'11 12 HYDROGEN PlROXIOE
AI 11 116 IZ HYOROGENATlD NAPHTHAS
56b l15 1,J 74 'I HYOIW(WINONES
01l71J3 007/JOjlj'l0 12 HYDROXYLAMINE
POll I 0 bTl 2 INFRARED RADIATION
'12525 36 INK Rnl0vfR
'1271>0 36 INK, PRINTING
/·10 I 'II:! 36 INOIlI;ANIC ACII)S
Iloose 12 INORGANIC AMMONIUM COMPUUNDS
90530 2,68 11 2 INORGANIC OARIUM COMPOUNDS
t'IO 1'1'1 12 INaRGANI~ RORON COMPOUNDS
11(01)\ 2,68'1 5 2 INOIlGANIC CHROMATESn '106_'0 12 ItWIlGANIC COBALT CmlPOUNDSI

N '106 110 2,600 2 INORGANIC COPPER CUMPOUNDS
+::> tl00'l'l 12 INORGANIC IRON COMPOUNDS

'I II 60 2,1>/:)1l 2 INORGANIC LEAD COMPOUNDS
11l) 112 12 INURGANIC MAGNESIU~ CUMPOUNDS
Ijlj 02') 12 INORGANIC MANGANESE. COMPOUNDS
Ijll'l I 5 2,S66 I I INORGANIC ~ERCURY COMPUUNDS
MOO'l7 12 INORGANIC MOLYBDENUM COMPOUNDS
1'1010 /j 12 INOIlGANIC PALLADIU~ COMPOUNDS
00060 12 INORGANIC PHOSPHATf:S
q2'j/~1) 3,327 2 II HISEC II CI DE
110030 007')53562 12 IlJDINE
A11 t>l 12 100UPtiURS
'110'1') 007 /13'10'16 12 IfION
1-11 1163 603 I 2 IRON OXIDE, RED
1102'17 oS'l I IRON O,XIDf:S
Ij01UO 00007tlll31 12 J SOIJU TYL ALCOHOL
110910 00007Fl5'11 61j] I SOPHOfHHlE
IjO'lFlIl 00010021 11 12 ISOPROPYL ACETATE
110987 000007630 1,52b I 'I ISIWIWPYL ALCOHOL
n11\5'.; 000110270 b,)5 I ISOPROPYL IWRISTATE
111 775 00135251\7 12,951 5 2 KAOLIN
'III ?O 6':)'1 I KETONES
'I23S5 12 LACQUER THINNER
/lOS'15 0000'>0215 12 LACTIC ACID
1J0051 00FlO06540 22tl Il LArWL IN
~1I1 'III 0001 11270'1 6117 I LAIIHUYL UHANOLMIIDE
lt2 /'QO 00 III 3'1'121 otlJ 2 LEAll



flA 2
Clllll: CAS IWHUER

HTleS
I~UHU(H

ESTIMATED
PWPLE
EXPLlSED

QUATERLY HAZAfiD SU~I~1AI1Y RLPOHT

SOUHCE OF
EXf'. EST. NO

ACT TRN GEN (JCCS CIlUHCAI. NAME

DA TE 0 11/(917 1)

n
I

N
Ul

1J0252
A12')]
110 US
IJ 11'173
11,!61J5
Il ilSI16
110126
HO]';I
0911/\
,\ 1 ., Til
IlIIJIIJ
IJOllllj
1131/,0
0029(\
IID'lO
[\0299
AI/ fl';
1111 0 00
11 11030
1I 1105'j
~IOIl/ll

'12','10
1l1l2 I'l
Wj51S
tlOlj 75
A17lll\
1159,0
Ilil I SB
lIb? 10
/.119111
31',10
1110;0
1l2'1S3
II,S,~ 0
II 5',; 0
1l,~'1'16

HOb03
Il 0 0 'jb
111l1><'11
A17'11>
/.I/j/j/O
"lOl><'ll
Ij / 0 0 0
1'10 I>lj Ij

'j 0 Ill? 0
SO/!<}'j

SO //12
Al'123
'iOIl!>S
'.iO/\ IS
">\ 1 III
(\ 0III"
5170 ri

00059/3£>.\0
001:S I '/llb6
001317.560
0100991110

00 7111j6 1112
00 13 I Ijlj 16

000050099
OOOJ50552

000'i1l6930
001706303
001509411'1

00131151J[\0
012112J3B2
00711J9')65
001313159

00 I IIIJ 1'1/11

00001>1561
0011>10180
0000721135
000055550
0001011101
OOOl01l1l72
0000'163/7
0005'1171>4
00051l934'1
0000961110
00"020035
00131/33S

0021/d006
00011j2S96
000030506
000063252
00 I; 1.1')]9
001 11110020

o(J 7I, 'I 73 I 2
021091>1\40
OOl/2l31')

0100211') 12

00011 II,S')

12
12
12
12

65'1
168

12
12

2,bJ2
65'1

2, /JB ll
12
12

1613
659

12
2,588

12
12

659
12

6S5
12

671
2,672

12
317
659

2,6'T2
607

12
bIll

b47
647
b/17
047

3,519
2,61.14

oS9
6'j9

2 , ~il\l]

6 III

U
12
12

0')9

12
12

16fl
65'1
1"0
1.',,5
I> II'

2
2

b

3

5
I

LEAp CARBONATE
LEAD CAHBONATE, BASIC
LEAD mmUXIDE
LEAD NITHA TE
LfAD OXIPES
LUll SULfATE.
LEAD TETROXIDE
LEAllED ZINC OXIDE

2 L! NllANE
I LIIlUHON
2 L! TIlIUM Gr1EASE

MAGNESIUM CARBONATE
MAGIlE S I U~I CHLOR I DE
HAGr'IE S I Uf'1 OX I DE
MAGNESIUr'1 OXIDES
MAGNESIUM SILICATE
MAllEI)
MANGMIES£
MANGANESE DIOXIDE
MANC;ANE Sf. OX I DE S
~IAIWLE

t~(DICINES

MEHCUlllC CIlLfJHIPE
2 MERCURY UXIDES
2 MEHCUHY-COIlTAINING ORGANOMETALLIC COMPOUNDS

~IU ALL! C SIJAP
I MlTlIAIJI1L
I I~ETIIIJXY-4,b-l:lIS(ISDf'IWPYLAMINU)-SYM- TRIAZINE, 2­
2 m:rHOXYCIIU1H
2 HETHYL-PARA-AMINUPHENOL SULfATE, PARA­

~\ErtIYL-2-PENTANONl, 1/­
METIIYLCYCLUHEXANE
N[THYLCYCLOPENTANE
tlETIlYLIlEXANE, 2-
t1L HIYLIIEXANE, 3-
tH:rIlYLPENTANE, 3-

7 MWERAL OIL
2 IH1LYBDENUM DISULF IDE.
I ~IOLYI\[lUJlJl·l OXIDES
I IHHWSUDIUI'l ACID HEHlMIEAHSOtiArE
I NAfJAM

NAPHTHA
NAPHTHYL N-METIlYLCARBAMATE, \­
NE(J[lYMILlt~ OXIDE
NICKEL
NICI<EL IJXIDfS
N1rill C ACI D
NlliWIlUIZE.NEIMIDAZOLE NITHATE, 6­
I~ I f1WGf.N
III TPOGUJ OX IPLS
I'll f1HWS UXID!:.
NUCl.EIC ACIPS
nCT MIL



aUATERLY HAZARD SUMMARY REPORT [JATE 011/0'1/19

ES r I f1A TEll SOURCE OF
HAZ RTEes pEUPU': EXP. EST. NO
CODE CAS Nur·HJER NUMflER EXPOSED ACT TRN GEN UCCS CItE~IICAL NAME

91115 952 3 UIL, FUEL NO. 1
92')00 166 1 OIL, ItYlJRAULIC
110053 Ih6 1 OIL, LINSEED
52136 603 1 1 OIL, LUOE
52 III I 815 I 2 OIL, MUTUI/
521 112 72 OIL, UTHER
521 1U 639 I 2 OIL, PENETRATING
(10096 3136 1 OILS, ESSENTIAL
fi0')'12 60 OILS, PEfRULEUM-DERIVED
52145 12 OILS, VEGETABLE
521'10 000112801 b47 OLlIC ACID
1\3325 12 ORGANIC ACIDS
AIIj62 h47 5 ORGANIC OORATES
524(10 000 I 4 11b27 116 1 OXALIC ACID
1\16'j I 0100261~6 6S'I 1 OZONE
92630 168 1 PAINT
'126')0 12 PAINT THINNER
(1/1 Ij II (\ 0076'17101 12 PALLADIUM CHLORIDE
A1236 001l0(191176 655 14 I PAtJCIIEATlN
M0600 0011002742 12 PARAFFIN
S3900 00'1685147 659 I PARAQUAT
60713 1103 1 PC-GL
tloe06 0000112606 2,586 3 I PEN TACItLOROIn TROflENZENE
')4160 0000871\65 2,672 2 2 PENTACHLOROPHENOL
1\011\ I 6~5 I PEPTONE

(") (104311 6')5 I PEP TON !lED I RorJ
I 1101112 007601903 12 PtllCHLORIC ACID

N 110675 '128 I PEPFlmEm /J0109 00110090311 3l1j PETROLATUM
t~lj2lj2 1'12 1 PETROLEUM OIL
"2829 3, ')117 3 II PETROLEUM SPIRITS
1.1005'1 36 PETROLEUM SULfONATE
AI622 12 PH INl)ICATOR
/1'j IIl2 12 PflE NUL I C CO~1PourJf)S

/JO 11.13 12 PHENOLIC RESINS
571'10 007603512 65'1 1 PHOSPHINE
/1[ '16/, 6~5 I 1 PItUSPHULIPIDS
')11520 001"6/nn~ 1,1103 II PltliSPIIOHIC ACID
621\(10 0013507U" 12 PHOSPHORIC /lCIIl, fRlTllLYL [STEfl
"'0377 00006('751 2,h72 II 2 PHUSPHOHIC ACID, 2,2-DICHLOfWVINYl. OIMETHYL ESTEH
2B60 000353111 '; 2,672 I 2 PHtlSPHORllTHIOIC AC 10, O,O-DIE THYL O-(2-ISOPRflPYL-6-ME T/iYL-q-PYHIMIDINYL
5'1lh2 00131111\03 6'17 PHDSPHOHUS PENTASULFIDE
'126/0 12 PIlOTOGHAPHIC CHU1J CAL
9267" 607 2 PflOTO(;RAPflIC OEvELOPEH
00 117 667 2 PHOT(l(;RAPHIC FIXER
5'1173 12 PIH)fUGRAPHIC PLA fE CU.ANEII
S9'l65 2,'109 I 5 PIGnUHS
00061 00110020'1.\ '1'12 3 PIIJE fllL
AIO,>') 00.3'1 711'1 Ij 2 " , ',IJO 5 I PIPfRALHl
11021/\ 0000'>1056 ~. '.;fllI I I PIPERUNYL HlITOXlfJr
A11l2/l 12 PLAST IC TItICKENI:R
9261l'; 2,2 /11 3 PLASTICllUl
6012', 007 /1'1006'1 12 PLAT PlUM



IIAl
cnDI: CAS t.w ~1f1 t:J1

RTECS
t!U~I11Ell

ESTlMA TED
ptnpLE
EXPUSED

QUAIERLY HAlARD SUMMARY REPORT

SOUfjCE OF
EX P. !.:ST. NU

ACT TRN GEt! UCCS CHEMICAL NAME

DATE 011/0917'1

n
I

N
'-J

1'0615
IlI/US
I\IIS62
HO''>21
1\2105
1l0I!]')
02791
III ,) /I I
1\ 1010
A11159
00191
/,0560
/,0570
1\0lHlH
UOOol1
1\ 10 flO
"0'1'10
1\ I 6113
1l1')51
BOObS
/,0/1')0
(\ I 'IS5
IU/l51
02')/d
onn
6 l\') /I 0
/,0 1120
/,0510
112255
1\2172
AI /135
921')0
/.J0172
9;~710

02'160
l>-\525
1105.>/1
021';6
0';>070
b''> 01\ 0
/,6'1')5
/11 ? 6 6
AIII 5 11
0711W,
1101"Q
6 l'dO
1.\ II '" S
bird')
67',,31
t'IO~L\O

!J ?/\')l:i
A1Will
1>76110

00607720 I
009036 19"

00900..1296

025..1?21J/l3

021191l051\..1

00'/50023
001'1'17/107
0077119006
00006611112
001770'>09
01..l7/166b2
0013105113
007601110
0005113528

0077226 117
007727211
00Inll'ir,?,
001512761
00(1011671j1l
007171lfJ05
01'l075~i37

000.\51,200
0150 1153b11
O..l5 /i"l1 1199

00007<)0')11
0000S7556

OOllOOBII7
000Il01l61
o1/11\OLl60 7

007'1'10166
00/]050097
00001\379/1
U6170'J9bb

0100'l90fl/l
00006912/

I, 1..15
12

6117
illS

12
I, 0 III

1\15
655
161l
707

12
12

2,560
12
12
12

I ,..11 /1
12
1Z

720
12
211

.\ 1/1
12

2,6011
695
bB3

12
t 2

bS9
illS

12
12

16B
t 2

119
b'.i5

2,072
2,612

2111
12

llS'J
1>1\3

12
liB

2,b12
12
12
12
12
I?
12
12

2

6

10

I
?

II PN
PII LY( UXY~ 1, 2 ~E I II ANED I YL), AL1' II A~ ( ( I , I , J , J - TETIl AM ET HYLllLJ TYLl PH ENYL l ~ fH.l EG
rULYALKYLENE GLYCOLS

2 PllLYllUTENE
PULYETIlUXY POLYPIWP(lXY POLYEliIOXY-IUDIN( CmWLEX

2 POLYETHYLENE GLYCOL ETHER
2 POLYMETilACRYLATE RESIN
I PULYPEPTONE
1 fULYVINYL ACETATE ACRYLIC RESIN
I PUT ASH SOAP

pUTASSIUM HROMIDl
PUTASSIUM CHLORIDE
PDTASSIU'~ CttRU~lATE

POTASSIUM CITRAIE
PUIASSIUM DICHROMATE(VIl
POTASSIUM F£RRICYANIDE

J POTASSIU~I HYDRnXIDE
PUTASSIU~1 lUDIDE
PIlTASSIUfl OXALATE

2 POTASSIUM OXIDES I

PUTASSIUM pERMANGANATE
PUIASSIUM PERSULfATE
PUTASSIU~I PiHlSPI1ATE, TRIBASIC
PllTASSIUH SILICATE

2 PUTASSIIiM snAp
3 PUTASSIUM SULFATt
2 pOTASSIU~1 TETRAfLUDIHHlORAlE

POTASSIUM THIucyANATE
PUTASSIUH TRIPOLYPHUSPHATE
POIASSIUM 2-11£NZYL~q-CHLORUPH[NATE

2 POUR DEpRESSANTS
Pill flf.ll
PIWL>UCIS Of IWSIN CUIlE SULDfR
prHlPf LL AN T- Af fHl SOL
f'flUI'IONIC ACID

2 PflUI'YLENE GLYCOL
I P(WIE INS
2 I'YIlETIIflItlS
2 PYIlETHflUH

PYlllDINf:
IWAHIl

1 RAOlll I Sf.HlIM
2 HlSINOIO

RHUIJI U~1

t IWS(N
2 IW TEtW,J£

IIlJII IlL II, Illl I All IleNE - STYHE Nt
HLJIlLlEH, (Jlllr:R
IHlIlII[HS, I'JAjllflAL
IHilIIICIIS, SHI "lET IC
flUST INIIIIlllOH
IWTIIINIUH CIILOHID[
SALICYLIC ACII)
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DlIATERLY HAZAHD SUM/~ARY REPORT OA TI: 04/0'1/7'1

ESTIr1AIf,Il SOURCE OF
HAl RTECS PEOPLE EXP. EST., NO
corn: CAS NU;~ll[J~ NUMBER EXPUSlll ACT TRN GEN OCCS CHEMICAL NA'1E

76h III 001.l0l>306<1 &47 ~!AX

7b61fJ &59 I WlLDING RODS
92'1/30 12 ~IETTING AGENT
9 /1220 I, 152 I WOODS
POl150 03'1110':>30 & 2 III XH
7&720 00lH0207 1151 3 XYLENE
77115 0074/10&66 12 ZI/IC
84426 00050:;734& 2,&114 2 ZI/IC ACETATE
77150 007btj6657 2,&'1& I J. ZI NC CIILOR I DE
1~17,H 815 I 2 ZINC DIALKYLDITHIOPHOSPHATE
637/37 0121221>77 72 ZINC ETHYLENEBIS(DITHIOCARAAMATE)
637/36 012001853 2,588 1 ZINC NAPHTllENATE
771 '10 00131 1TlJ2 168 1 ZINC OXIDE
771 '15 65'1 I ZINC OXIDES
7722Q 0071 B020 2,68tj I 2 ZINC SULfATE
82214 00131lj'l63 683 2 ZINC SULF IDE
772&5 007440&77 12 ZIRCONIUM
~1062& 0013142H &OJ I 2 ZIRCONIUM OXIDE



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 0-1 compares the original seven options to the old algorithm; these
options are variations of the old algorithm, based on simple collapsing of
SIC, size, BLS misclassification ratio, and group categories. The accuracy
comparisons are based on national universe estimates for employees. Table 0-2
examines efficiency and accuracy of those options 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 to
the old algorithm, and, again, total employee estimates for the national
universe are recorded for use in the other comparisons. Table 0-3 compares
the old and initial new algorithms l results for asbestos, this time by
displaying estimates for employees exposed to asbestos by SIC in addition to
total estimates~ Table 0-4 compares facility and employee estimates for the
national universe from the old and initial new algorithms, again by SIC and
for the totals. Table 0-5 examines national universe estimates of facilities
by major SIC grouping and size level, as well as totals, for both the old
algorithm and the second version of the new one. The second version
incorporated a correction of the inflated lIP Factors on the facility file for
groups (within BLS SIC-size contained in observed SIC-size categories) that
contained all nonresponse. Table 0-6 shows the manual verification of the new
algorithm concept for SIC 21, which showed an error was made in carrying out
the factor modification mentioned above. Table 0-7 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 tables in this appendix all
relate to Section IV.D.
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TAIlLE 0-1. OLD PROJECTION ALGORlnlM OPTIONS AND FACTORS

TIME
CPU-SECONDS

TOTAL TOTAL
CONTllOL PHOGHAM PIWGHAN HEPOln PROJECTED PllOJECTEO

01' Tl ON SIZE SIC filS GHOUl' 13HEAKS PHJIA PllJ~A GENEHATI NG TOTAL PLANTS PEOPLE

__OJ (2) (3) (4 ) (5 ) (6 ) (7) (El) (9 ) (IO) (11 ) (l2L.-

* 7 65 3 6 0,)90 0.17 ~3.47 1.19 52.03 739,244 30,262,62713ase

Base** 7 65 3 6 0,190 7.56 42.36 1.14 51.06 1,010,194 42,129,627

1\ 65 3 6 4,600 7.04 36.42 1.23 '15.49 739,!:.01 33,26'1,206
.

2 7 65 3 3 4,095

3 7 30 3 6 3,700

~ 7 65 1 6 2,730

5 '1 30 1 6 720

6** '1 30 2 3 20-"* 7.59 33.74 1.22 42.55 1,002,270 '11,009,239

7H - 4 30 1 3 360** 7.'10 21. 31 1. 25 30.04 996,309 '11,753,963

* Base (Published, with size-l adjustment)

** Without size-l adjustment

NQtes: 1. OptiQn 1 should be cQmpared ~lith the Base* estimates (~Iith size-l adjustment), and OptiQns 6 and 7 shQuld be cQmpared with 13ase**
(without size-l adjust.ment). Since size adjustment is accomplished dur-ing preprocessing in PllJl, it should not have any effect Qn
I'IlJ4 run times reported in Column 10.

2. Size 1 adjustment referes tQ UlS size-l and is applicable to the size scale 1-7. The size-l adjustment cQmpensates fQr inflated
I II' factors for size 1 by SIC. The SCdn of liP factors was compared tQ CQunty fiusiness Patterns information frQm the Bureau of the
Census. It was discQvered that size 1 did not cQrrespond due to omissiQn of small facifhies with less than a minimum number of
elllplQyees. The cQmputer programs were written tQ permit switchinn t.he size-l adjustment Qn Qr Qff. The optiQns that cQmpress
the size scale from 1-7 tQ 1-~ were tested with tho size-l adjustment bQth prosent and omitted, <1nd illustrated the differinn
projection results.



TABLE 0-2. PROJECTION ALGORITHM OPTIONS AND FACTORS

CJ
I

..p.

------

TIME
CPU-SECONDS

CONTHOl PIWGRAM PIWGI1N1 REPURT
OPTION SIZE SIC BlS GROUP BREAKS I'HJl/\ PRJ4/\ GENERATING

(l) (2) (3) (4 ) (5) (6L- (7) (8 ) (9)

Base* 7 65 3 6 8,190 13.17 43.47 1.19

Base** 7 65 3 6 lJ ,190 7.56 42.36 1.14

4 65 3 6 4,680 7.84 36.42 1. 23

6** 4 30 2 3 20** 7.59 33.74 1.22

7*·k 4 30 1 3 360** 7.48 21. 31 1.25

tfkk* 7 65 3 6 NA NA NA NA

l3ase (Ashestos)

Al!J-Pro!Jram

TOTAL TOTAL
PIWJECT[[) PROJLCTlD

TOTAL PLANTS PEUPlE
(l0) (11 ) (12 )

52.83 739,244 38.2G2.u27

51. UU I,UI0,194 42,1;'9. G27

4~.49 739.501 38.264.2!l6

42.55 1,002.270 41.!l89,239

30.04 996.889 41,758.963

45.00 (est) -- 1.~64.5S1

5.00 (est) 1. 5S J • Du

*llase (Published, Hith size-1 adjustlilent)

**Without size-1 adjustment

***Optlon U was a new computer application progralll implementation approach to the ori!Jin,Jl projection alyor"iUlliI. Other
opt ions represent variations of old alyorithm.

Notes: 1. Option 1 should be compared vdth the [Jase* estililates (with size-l adjustment), and Options 6 and 7 should he cOlilpared
~ilth l3ase** (without size-1 adjustement). Since size adjustment is accolilplished duriny preprocessing in PllJl. it
should not have any effect on PRJ4 run times reported in Column 10.

2. Size 1 adjustment refers to I3LS size-1 and is applicable to the size scale 1-7. The size-1 adjustment cOlllpcnsdLes
fOl' inflated Ill' factors for size 1 by SIC. The scan of Ill' factors was compared to County Business Patterns
inforlllation frolll the Bur"cau of the Census. It was discovered that size 1 did not correspond due to 011l1ss10n of slllall
facilities with less than a hll'I1I1IUIIi nlllilher of ehlployees. The computer prO!JralilS were Iwitten to penllit switchin!J Lhe
size-l adjustlllent on or off. The options that cOlilpress the size scale frolll 1-7 to 1-4 \~ere tested with the sin>l
adjustillent hoth present and olld tted. dill! i Jl ustrated the differi II!J projection resul ts.



TABLE 0-3. VALIDATION OF ESTIMATED PEOPLE*

SIC-CODES TABLE 49**

Total (Asbestos) 1~564,551

07~08,09 1,688

13 2,700

15,16,17 430,570

Total rlanufacturi n9 648,872

19 988

20 7,966

21 76

22 8,256

23 87,929

24 6,009

25 15~043

26 17,781

27 55,741

28 23,314

29 8,202

30 11,800

31 2,089

32 60,299

33 61,878

34 36,643

35 89,423

36 38,552

37 86,195
38 12,656

39 18,032

41-49 112,483

50-59 256,029

60-65 8,096

70-89 104,112

ALG

1,557,136

1,687

2,699

427,839

644,932

564

7,969

75

8,075

87,293

5,956

14,922

17,499

55,507

23,231

8,223

11,800

2,032

60,294

60,785

36~644

89,434

31,803

86,163
12,663

18,000

112,216

255,734

8,096

103,933

*Initial Version of ALG.

**In Volume III of final report on NIOSH contract No. COC-99-74-40 [lJ.
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TABLE 0-4. NUMBER OF PLANTS AND EMPLOYEES IN PLANTS
IN THE NATIONAL UNIVERSE

PLANTS EMPLOYEES IN PLANTS
SIC-CODES

Total (Asbestos)

07,08,09

13

15,16,17

Total Manufacturing

19

20

21

22

23

24
25 .

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41-49

50-59

60-65

70-89

TABLE 1*

739,244

3,645

1,313

68,407
141,397

113
16,173

196

3,225

15,565

3,091

4,618

4,859

13,609

6,743

993

5,640

1,653

7,955

5,040

19,615

14,190

5,073

3,457

3,812

5,776

36,289

281,353

52,467

154,374

ALG

728,405

3,643

1,316

68,370

140,500

88

16,186

182

3,186

15,107

3,072

4,570

4,764

13,543

6,645

997
5,649 .

1,654

7,949

4,988

19,600

14,212

5,057

3,461

3,824

5,776

35,656

279,412

50,862

148,646

TABLE 1*

38,262,627

82,311

82,098

2,532,382

15,220,964

33,438

1,403,859

80,758

232,122

918,752

161,332

295,253

570,792

1,239,262

966,199

195,698

534,789

155,028

700,104

1,347,780

1,350,047

1,539,734

1,501,365

1,224,441
386,097

384,114

3,311,290

9,283,788

1,946,338

5,803,454

ALG
37,879,686

82,312

82,099

2,517,014

15,116,618

20,833

1,403,870

80,402

226,374

913,246

159,873

292,085

555,203

1,236,552

965,006

195,700

534,797

147,796

700,109

1,334,398

1,350,051

1,539,747 .

1,468,136

1,224,446

386,100

381,894

3,296,920

9,229,845

1,909,425

5,655,454

*In Volume III of the final report on NIOSH Contract No. COC-99-74-40 [lJ.
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TABLE D-5. CO~PARISON OF NEW* AND OLD ALGORITHM RESULTS FOR PLANTS
------

SlIIa 11 ~ledi urJl Larlje Total
NeH Old OHf. New Old Oiff. New Old 01 ff. New Old Oiff. Pet

-----
I\ljricultural Services, 3,59U 3,599 -1 4G 4G - - - - 3,G44 3,G45 -1 0.0
forestry, Fi slwries

~Iinin~ (Oil iHid Gas) 1,101 1,101 - 17G 176 - 36 36 - 1,313 1,313

Contract Construction G3,33L' 6L',5Gl +701 5,91J6 5,753 +233 94 94 - 09,402 GU,407 -I9Ub 1.4

Hanufdcturin~ 114,926 114,433 1493 22,434 22,392 + 43 4,5UI 4,!ill +10 141,942 141,399 +b45 0.4

Trallsjlortilt iOIl and
Other Pub1ic Util it i es 3U,792 30,52il +264 !i,Obo 5,056 - 706 706 - 36,553 3(i,2il9 -'2G'I U.7

~Jholesa-Ie anti I(elail
Irilde 267,743 26G ,/13'1 +1,309 13,92U 13,675 +253 1,244 1,244 - 2U2,915 2Ul,353 ,1-1,5G2 O. (i

0 Fi lIi1nCe, Insurallce,I
--I illld Iluill Estate 41J,622 4U,622 - 3,G15 3,615 - 230 230 - 52,4G7 52,4G7

Services 1'14,013 143,4U9 +524 9,147 9,'117 - 1,737 1,737 - 15'1,U91J 154,374 +524 0.3

Grand Totals 674,117 07U,767 13,350 GO,3ilU 59,U59 +529 B.621J U,618 110 743,134 739,24'1 +3,U9U 0.5

*Uefore final correction in adjusting 1/1' factors.



TABLE D-6. MANUAL VERIFICATION OF NEW ALGORITHM

Fac- No SIC 1

060021 -4--
066019 4
066020 4
066022 4
040013 4
060023 4
047020 4
043027 4
047021 4
066021 4
066022 4
066023 4
066024 4

136.0B
194.40
529.20

*

*
680.00
345.60
270.00
297.00
291. 60
502.20

1247.40

4493.48

3434.40
1554.00
2094.00
!l1l3.80
1576.80

10533.00

8075B.4B

9230.00
147a.OO

33912.00
21112.00

65732.00

Payroll X
New-liP

------:,;------

*

*

8.00
5.40
5.40
5.40
5.40
5.40

*

13.00
2.00
9.42

15.08

10.ao
6.00
6.00
5.40
5.40

33.60

37.80

13.61
10.80
25.20

*

122.41

Slze-l\lI j tl New**
liP lIP

Estimated Plants I 39.50
I

Es t imated Employees

Est illlate~anl:--r195.51 /.-----------

I
Estimated Employees
_____L-_--L L-....... ._

13.00
2.00
9.42

15.08

40:OO-\'25:2"or--
21.60 13.611
10.80
40.00 I 25.201
30.00
27.00
10.80
8.00
5.40
5.40
5.40
5.40
5.40

Est imated Pl ants
I

Estimated Employees
12.00
10.80
6.00
6.00
5.40
5.40

Es timated Pl ants
I

Est imated Employees

Imputed
liP

I3lS
lIP

13.00
2.00
9.42

15.08

12.00
10.80
6.00
6.00
5.40
5.40

20.00
21.60
10.80
20.00
15.00
12.00
10.80

8.00
5.40
5.40
5.40
5.40
5.40

el 2

el 1

e1 3

~----

L_

-
I3lS I3lS

S1C2 SL Size SIC Size Grp Payroll *

-----zr' ----r---1-- 21 11 1 *
21 1 1 21 It 5 10
21 1 1 21 2 5 18
21 1 2 21 It 2 21
21 1 2 21 2 2 *
21 1 2 21 2 2 33
21 1 2 21 2 3 *'
21 1 3 21 3 1 ·85
21 1 3 21 3 3 64
21 1 3 21 3 5 50
21 1 3 21 3 5 55
21 1 3 21 3 5 54
21 1 3 21 3 5 93

21 2 4 21 4 2
21 2 5 21 4 3
21 2 5 21 5 2
21 2 5 21 5 2
21 2 5 21 5 3
21 2 5 21 5 5

21 3 6 21 4 1
21 3 6 21 6 2
21 3 7 21 7 2
21 3 7 21 7 3

4
4
4
4
4
4

4
4
4
4

039053
060026
033016
029012

.033014
047022
060024
060025
047023
066025

o
I

CO

11\1Ijustment applying to I3lS size 1 only.

*Zero indicates il nOIlSllrveyed facility.

**list of those liP factors used in the estimates (all inclusive).



TABLE 0-7. COMP J1,R ISON OF NE\~* AND OLD ALGOR ITHM RESULTS FOR PLANTS

NevI Old Diff. Nel'l Old Diff.

Agricultural Services, 3,644 3,645 -1 82,311 82,311
Forestry, Fisheries

~Ili ni ng (Oil and Gas) 1,313 1,313 82,098 82,098

Contract Construction 68,408 68,407 +1 2,532,382 2,532,382

~1anufacturing 141,397 141,397 15,220,968 15,220,964 ... 11, ~

Transportation and 36,289 36,289 3,311,291 3,311,290 +1
Other Public Utilities

Wholesale and Retail 281,352 281,353 -1 9,283,790 9,283,788 ,'1
TIC.

Trade

Finance, Insurance, 52,467 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 739,244 739,244 - 38,262,636 38,262,627 +9

*Final version

0-9





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

A. 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 with
probability proportional to measures of size. Second stage sampling units are
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 second stage produced observations from a total of
4,775 sample facilities.

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 size measures. During the data collection
activities, the larger facilities \1ere further subsampled on a nonprobability
basis by NIOSH. Nonprobability subsamples of facility locations were .
sometimes selected when a single facility \1aS found to occur at multiple
locations within an SMSA.

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

B. Nonresponse

Almost all large-scale surveys are subject to nonsampling errors ar1s10g
from nonresponse. Nonresponse in this sense includes all missing data items
for any unit of observation appearing in the sample, regardless of the
circumstances. Insofar as the units of observation for which some nonresponse
has occured are not, collectively, a probability subsample of the target
population and are likely dissimilar from other sampled observational units
in important respects, biases are introduced into the estimates.

C. Other Nonsampling Errors

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

E- 3



For example, facilities entering into business after 1970 are not
included in the target population. Therefore, estimates computed from the
sample data have no inferential ability with respect to these new facilities.
Similarly, 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. No bias adjustment is made for these effects.

D. Estimation Procedures

The notation used in this section is summarized below:

o The subscript g = 1, 2, "', 6 indexes the groupings of first stage
sampling units imposed as a dimension of stratification on the
second stage frames.

o The subscript h indexes the first stage unit within the gth group,
max {hlg} = 31, 13, 7,4, 6, 6, for g = 1, 2, ••• , 6.

The subscript i = 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: i and j are crossed dimensions both nested
within g.)

o 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.

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

TIP (g, h) represents the first stage inclusion probabilities.

E- 4



Sl

e IT (g, i, j) represents the second stage inclusion probabilities
for Class 1 facilities.

nl (g, i, j) is the number of Class 1 sample facilities in the
second stage stratum cell indexed by the subscripts g,i,j.

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

The subscript k l indexes the Class 1 sample facilities within each
systematic sample (i.e., within each second stage stratum cell),
k l

=: 1,2, "', r (g, i, j) < n (g, i, j).

The subscript k" indexes the Class 2 sample facilities, kll
=: 1, 2, .

••• , r ll
'" nil =: 163.

The subscript kJlI indexes the Class 3 sample facilities, kill =: 1,2,
r ill < nlll

=: 136'I"., _. "
Sll

II (k ll
) represents second stage inclusion probabilities for Class 2

facil ities.
Sill

• IT (kill) represents second stage inclusion probabilities for Class
3 facilities.

III yl (g, h, i, j, k l ) equals the value of the observation variable
obtained from a Class 1 facility that belongs to the target
population or equals 0 for sample facilities not in the target
population (e.g., out-of-business facilities and moved facilities,
i'lhich are included in the count rl(g, i, j)).

yll (h, kll ) and ylll (h, kill) are similarly defined for Class 2 and 3
facilities.

Each Y-valueis assumed to be the value of the observation variable for
the samp.l e facil fty. A nonresponse adjustment procedure vIas developed by RTI
for multiple location facilities; the correct level of V-values is supplied to
the calculations. If individual location level questionnaires are employed,
the estimators described in the following sections are not appropriate. Note
that a V-value may denote a classification variable or a continuous variable.

In the following paragraphs, estimators for totals (see Figure E-1) are
described. Averages and percentages or proportions are computed in the form
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 either 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
national level estimate.

Note that the subscript h = 1, 2, •.• , max {hlg) identifies the first
stage unit from which the observation was collected. 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 group, ith size category, and
jth SIC category. The subscript h is, nonetheless, required for identifying
the first stage inclusion probability.

In Figure E-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. Organization 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 setal 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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6 9 63 r'(g,h,i,j)

T

g=l i =1 j=1 k=l

'('(g,h,i,j,k ' )

P SI

IT (g,h) IT (g,i,j)

+

n'(g,i,j)-r1(g,i,j) r1(g,i,j)

L Y'(g,h,i,j,k') I r'(g,i,j)

k=l

+

ril

2~ Y:(h,k") s" +

k II =1 IT (9 ,h) IT (:.( II )

P
IT (g,h)

k =1

5 I

IT (g,i,j)

kll=l

P Sit

IT (g,h) IT (k ll
)

rill

L:
YII I ( h , k II I )

+ +
P S"'

k It 1=1 IT ( 9 ,h) IT (kill) :*' It J

k

p ·5[1 I

IT (g,h) IT (kill)

Figure E-1. Estimators for Totals
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INITIALIZE:

"T' 0 j"'-s 0
, • 0 J.' 0

9' 0 .0
h' 0 " . 0

SET
1 • 0
, • 0

OOlolPIJTE:

;.,
, .. I

Y l VALLE O~ RE:SPOHSE vAA1.:..ei.. E:

X • V.>J..!JE CF CK:;,( .. IN ""RIASLES

:. • II 'T'E ~OMAIN

• 0 t OTH.E_R""I~::
~

7T" • FIRS"T ST':'C£ INCLUSION PR08A81UTY

7T"" SEc::ND STAGE INCLUSION PR08A81UTT

t , VAUJE OF ESTIMATE

• FIRST ST':'GE GROLP IDENTIFIER

• FIRST STAGE SAMPLING UNIT IC~:FIER

• SIZE c;.TEGORY IDENTIFIER

• ST':'ND.:.RD INDIJSTRIAL CUSSIFIO..lTION
ICENTIFIE,R

• s.:.MPU: F ':'01 L Ii Y I DENTI I' IE R

• NUMSER OF OBSERVATIONS IN THE
DOMAIN

• NUU8E,R OF RESPONSES IN THE
SYSTEMATIC S':'MPLE

NO

Figure E-2. Organization of Computing Algorithm
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The file labelled ~sampling map" provides the mapping of the sample
facility identifiers into the features of the sample design required for the
computations. Specifically, 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" contain the II-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 to be ordered with respect to the
design feature identifiers as indicated by the formulation for totals (see
Figure E-l).

F. Variance Estimation Procedure

Subscripting and other notation fallow that described earlier in
connection with totals estimates. Some simplification of the earlier natation
is introduced here.

The estimator for totals, except for the special notation introduced for
the precut and postcut large-facility samples and the nonresponse adjustment,
is of the form

T(g, i, j) = I
k

Y(g, h, i, j, k)

p( h) s( JO)II g, II g, i,

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
represented in the cluster). The values of

represent the first and second stage inclusion probabilities. Nate that the
lIS values do not depend upon the value of k; however, the lIP values do depend
upon the k-value, since the value of h corresponds to at least one k-value in
the range of summation.

Consider the estimate defined by

T=IIL [kL
9 i j II ] .

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. In these
terms, the totals estimator can be rewritten as

T= I I I T(g, i, j)
g i j

E-9



Let 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 [TJ = I I I (T(9? i, j) - T(i, j))2

i j 9 9 -1

Since 9 = 6 and all group estimates are assumed to be present, including
groups with zero estimates because no records occur within the SIC-size-group
cell, the above equation becomes

6
Var [TJ = I I I

i j g = 1
(T(g, i, j) - T (i, j))2

5

Often the estimate required, at least for Volume III of the final report
on RTlis previous data analysis contract (No. CDC-99-74-40) [lJ, is a ratio
estimate; that is,

R = Jri
TO

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 .

"Cov [tN, to] =I I-[ ~ TN (i, j, g) - TN (i, j) 5 TO (i., j, g) - TO (i, j) ]',
i j g=l

and the variance of the ratio is approximated by

Var [RJ = Var [TN] + R2Var[To] - 2R Cov [TN, To]

(TO)2

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 deviations are used because of the
easier-to-grasp magnitude and because of their more straightfo~,ard

statistical interpretation.) If a ratio estimate is required, both the
numerator and denominator estimates and variances and the covarlance 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 DEVIATION 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 effect 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. APPROXH1ATE STANDARD DEVIATIONS FOR ESTU'IATES OF Nur~BER

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
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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

2,000

4,000

6,000

8,000

10,000

20,000

40,000

60,000

80,000

100,000

200,000

400,000

600,000

800,000

1,000,000

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

20,odo,000

40,000,000

from Large Plants

735

1,110

1,420

1,700

1,955

3,075

4,975

6,675

8,275

9,815

16,950

30,125

42,675

54,900

66,850

125,500

238,750

350,250

460,750

570,750

1,115,000

2,190,000

F-4

from Large Plants

14,900

21,900

27,300

32,000

36,100

53,000

78,000

98,200

116,000

132,000

200,000

309,000

403,000

489,000

575,000




