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ABSTRACT

The purpose of this investigation was to develop and
apply a behavioral/neurological battery of tests to a sample
of workers occupationally exposed to carbon disulfide (CS,).
The neurological component of the investigation consisted of
electro-diagnostic examinations of electromyograms, nerve
conduction velocities, and a medical evaluation by a neurol-
ogist. Workers were also given psychometric tests of reaction
time, coordination, visual search, short-term memory, and
visual acuity. One hundred workers engaged in the manufacture
of viscose rayon constituted the CS,-exposed group. Fifty
workers engaged in similar work, but not occupationally exposed
to CSz, served as a control group.

Since ambient air levels of CS, could not be obtained
within the viscose rayon plant, estimates of workers' exposure
to CS, were based on 1) detailed work history interviews with
participants and 2) results from an iodine azide test for
urine metabolites of CS,. Based upon application of Allen's
procedure of using a total neurologic score for assessment of
- peripheral neuropathy, 13 percent of the CS,-exposed workers
showed a probable or definite polyneuropathy. After correcting
for age effects, neurologic indicators of ulnar nerve damage
were found to significantly correlate with indices of CS,
exposure, as did behavioral tests of reaction time, dexterity,
rate of visual search, and perceptual organization.

iii



List of Tables

Page No.
Table 1 Composition of Sample . . . . .21
Table 2 Description of the Sample . . . . 29
Table 3 Mean and Standard Deviation of Exposure
Variables by Job S$tatus . . . . 30
Table 4 Intercorrelations Among Exposure Indices . 32
Table 5 Frequency Distributions of Total Neuro-

logical Scores by Sample Sub-groups . . 33

Table 6 Frequency Distributions of Electro-
diagnostic Scores by Sample Sub-groups
Table 7 Means and Standard Deviations for Neuro-
logical/Electrodiagnostic Data . . . 35
Table 8 Means and Standard Deviations of
Behavioral Test Scores by Sample

34

Subgroups . . . . . . . 37
Table 9 Intercorrelations Among Behavioral Test

Scores (Total Group) . . . . . 38
Table 10 Reliabilities of Behavioral Test Scores . 39

Table 11 Correlations and Partial Correlations
Between Exposure and Neurological
Variables . . . . 41
Table 12 Summary of Regression Analyses to Predlct
Electrodiagnostic Score and Total Neuro-
logical Score from Exposure Indices . .

Table 13 Correlations Between Iodine Azide 43
Exposure Coefficients and Neurological
Variables . . . . . 44
Table 14 Percentage of Sub—group Members
Expressing the Following Symptoms . . 45
Table 15 Correlations and Partial Correlations
Between Exposure and Test Scores . . 47

Table 16 Correlations Between Test Scores and
Neurological Variables . . 49
Table 17 Partial Correlations Between Test Scores
- and Neurological Variables - Age Removed . 50
Table 18 Test Scores as Predictors of Neurological

Variables - Total Sample . . . . 52
Table 19 Age and Test Scores as Predictors of
Neurological Variables - Total Sample . 53

Table 20 Age and Test Scores as Predictors of
Neurological Variables - Management
Deleted . . . . . . . . b4

iv



List of Tables

Page No.

Table 21 Estimates of Shrinkage for Behavioral

Tests as Predictors of Neurological

Findings 55
Table 22 Test Scores and Exposure as Predictors

of Total Neurological Score and Elec-

trodiagnostic Score . . 57
Table 23 Results of the Double Cross Valldatlon

Analysis . . . . . . 57
Table 24 Cross Validation Using PCE Equatlons

on CSp Data . . . . . 59
Table 25 Description of Groups for Hannlnen Type

Analyses . . . . . . . 61
Table 26 Means and Standard Deviations by Hanninen

Groups - Total Sample . . . 62
Table 27 Means and Standard Deviations for Hanninen

Groups - Management Deleted . . . 63
Table 28 Adjusted Means and Results of Covariance

Analyses - Hanninen Groups . . . 65
Table 29 Rotated Factor Matrix - Group 1 . . 66
Table 30 Rotated Factor Matrix - Group 2 . . 66

Table 31 Comparison of Neurological Status Deter-
minations Based on Predicted Vs. Actual
Scores (Abnormal = Total Neurological
Score Greater Than 5) . . . . 75
Table 32 Comparison of Neurological Status Deter-
mination Based on Predicted Vs. Actual
Scores (Abnormal = Total Neurological

Score Greater than 3) . . . 76
Table 33 Summary of Medical History Responses by
Sub-group . . . . . . . 143



Figure
Figure
Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

Figure
Figure

Figure
Figure

U o W N

O WO~

12
13

14

15

16
17

List of Figures

Block Design Test . . . .
Flicker Control Unit . . . .
Viewing Chamber . . . . .
Santa Ana-Right Hand . . . .
Santa Ana-Left Hand . . . .

Santa Ana-Both Hands . . . .
Experimenter's Control Panel & Timer .
Response Device Used by Participant .
Drop Reaction Time Apparatus . .
Color Vision Test Apparatus . . .

Expectancy Charts for Total Neurological
Score . . . . . .

Expectancy Charts for Neurological Score

Expectancy Charts for Electrodiagnostic

Score . . . . . .
Comparison of Hanninen Groups with
Groups in the Present Study . .

Form Used to Record Results of the
Electrodiagnostic Examinations . .

Format of Testing Sessions . . .
Toxicology Record Form . . .

vi

Page No.

11
13
13
15
15

16
17
17

19
19

73
74
74
77
115

122
123



Acknowledgements

The accomplishment of this study was aided substantially
by the cooperation of many individuals. It is impossible to
name everyone involved, but special thanks are due to a number
of individuals.

The cooperation of the Textile Workers Union International
and T.W.U.A. Local No. 7 was invaluable. The often frustrating
problems involved in contacting workers to schedule testing !
sessions and medical examinations were only solved through the
devoted and persistent efforts of Mrs. June Roach, local union
secretary. Special thanks are also due to the Business Agent,
Mr. William Graham, who helped immensely with the arrangements
for testing sessions, identifying participants, answering ques-
tions about plant operations, and obtaining member support. In
the initial phase of obtaining union support, Mr. Harry Murray
was also helpful in generating member support for the project.
At the International level, two individuals deserve special mention
~ Mr. George Perkel, Research Director and Mr. William Davis,
former director of the Union's synthetic division. These individ-
uals assistedrin the early stage of the project,in obtaining
local union support and in making arrangements for contacting
participants.

The authors wish to acknowledge the cooperation of FMC
Corporation and, in particular, its Manager of Medical Services,
Dr. A. J. Lebrun. Dr. Lebrun, who joined FMC after the project
was well underway, was instrumental in obtaining company authori-
zation for the participation of management personnel and provided
access to employee mailing lists and company bulletin boards for
advertising the project during the latter stages of data collection.
Mr. Perry Owens and Mr. Dave Cushman of FMC also assisted the
project at the local plant level.

Thanks are due for the cooperation of Carpenters Local No. 128
and its Business Agent, Mr. John Harris. This group was the
primary source of unexposed participants for the project.

An invaluable source of information concerning previous Carbon
Disulfide research was Dr. Ruth Lilis of the Mt. Sinai Medical
School. Dr. Lilis contributed both articles from her library
of publications and a considerable amount of her time during the
early planning stages of the study.

Thanks are due to consultants who assisted in the test battery
selection process. These individuals were Drs. Donald Chaffin,
Douglas Neil, and Richard Pew. Their expertise contributed to
the consideration and selection of some of the most effective tests
in the battery.

The authors would also like to thank the physicians who
participated in the project and their staffs. They were required
to adjust their private practice schedules and to extend their
working hours to accommodate the project schedule.

vii



Special thanks are due to the participants who gave their
own time to participate in the testing sessions and medical
evaluation procedures. Their cooperation, enthusiasm, and ex-
pectations for the project were an inspiration to the researchers.

Dr. Charles Xintaras, NIOSH technical officer for the project,
provided valuable comments and criticism at all stages of the
project. The authors express their gratitude for his valuable
contributions.

Other Westinghouse full and part-time staff who deserve special
thanks are Mr. Dennis Reed and Mr. Douglas Lane. Mr. Reed worked
extensively on the project during both the literature review and
test battery selection phases. He was also involved in planning
efforts for the field data collection. Mr. Lane participated in
field data collection efforts. Special thanks go to those who
provided clerical support for the project. This devoted group
included Ms Wilma Bell, Ms Reta Gibson, Ms Bonita Kraemer, who
typed most of the manuscript, Mrs. Pauline Winland, and Mrs. Constance
Hughes.

viii



Contents

List of Tables . .

List of Figures . . .

Acknowledgements . .

Introduction . . .

Review . . . . .
Historical View . .

Conclusions from the Literature

In-Plant Case Study .

Method . . . . .

Selection of Behavioral/Neurological
Selection of Worker Population

Medical Evaluation .
Field Data Collecticn
Behavioral Testing
Work History Interviews
Urine Samples . .
Summary of Variables .

Results . . . . .

Summary Statistics .

Relationships Between CS, Exposure and Medical/’

Neurological Findings

Relationships Between CSj Exposure and Behav1oral

Test Scores .

Relationships Between Behav1oral Tests and

Neurological Status
Hanninen-type Analyses.

Discussion . - . .. .

Review

Battery

]

Behavioral Tests as Health Screening Techniques.

Accuracy of Worker Diagnosis Using the Prediction

System . .

Comparison with Hannlnen Results

Auxiliary Issues . .

ix

Page No.
. iv
. vi
vii
1
. 3
. 4
. 5
. 6
. 8
. 8
. 18
. 22
. 23
. 23
. 23
. 24
. 24
. 28
. 28
40
. 42
. 48
. 60
. 68
. 70
. 72
. 76
78



Contents

Conclusions and Recommendations . . . . .

References .

Appendices .

Appendix
Appendix

Appendix
-Appendix
Appendix

Appendix

Appendix
Appendix

Appendix

Appendix

w >

Mo N

Feeling Tone Checklist . . .
Guidelines for Selecting Union .
Participants . . . . .
Participant Consent and Release Forms
Questionnaires Used in Data Collection
Protocols Used in the Neurological and
Electrodiagnostic Examinations ' .
Rating Forms Used to Summarize Neuro-
logical and Electrodiagnostic Examina-

tions . . . . . .
Description of Procedures Used in

Behavioral Testing . .
Medical History Data by Sample Sub-
group . . . . . .

Regression Equations Used to Generate
Expectancy Charts for Neurological
Criteria . . . . .
Regression Equations Used to Generate
Predictions of NHealth Criteria .

Page No.

- 87
- 89
- 91
- 96

- 111

- 116

120

+ 142

- 153
155



INTRODUCTION

The recognition of workplace hazards has been steadily
increasing in recent years. A number of factors have contri-
buted to this development: 1) the passage of the 1970
Occupational Safety and Health Act, 2) increased pressure
exerted by labor unions, 3) the increased educational level of
the American worker, and 4) more prominent media coverage of
workplace hazards. One category of workplace hazards, toxic
substances, has come under increasing scrutiny due to recent
discoveries of various occupational diseases that are directly
or indirectly related to chemical toxicity. Such chemical
hazards seem especially villainous due to their usually delayed
effects. ‘Some health impairments are detected only after many
years of repeated exposure to the toxic agent and after frank
clinical signs or permanent functional impairment are observed.

Among chemical hazards found at the workplace are a class
of toxic agents called neurotoxins, chemicals known to cause
damage to the nervous system. Included are some pesticides,
heavy metals, and solvents. Each substance is developed,
manufactured, and sold to serve one or a variety of purposes in
industry. Despite the considerable efforts of government
regulatory agencies and chemical manufacturers, sufficient
information on possible long-term toxic effects of these
substances on workers who may be exposed is rarely available
prior to use of the substance in the workplace. The establish-
ment of allowable safe exposure levels must be based on the best
available information, however incomplete. This often means
reliance on animal studies of relatively short duration. Once
the substance is in use in industry, on-the-job health effects
are monitored, if at all, by simple clinical tests and worker
reports of symptoms. Unfortunately, these procedures may not
be sensitive to effects at the early, reversible stages. The
lack of sensitivity of these clinical approaches was demonstrated
in a recent study which detected behavioral changes in workers
who had been exposed to a toxic agent but were not identifiable
as clinically poisoned (Hanninen, 1971). This evidence suggests
that it may be possible through the use of other means, e.g.,
standardized behavioral tests, to develop "early warning indi-
cators" of worker health problems resulting from toxic exposure.

This study was stimulated, in large part, by Hanninen's
findings. In particular, the stimulus was provided by her
finding that some workers chronically exposed to a neurotoxic
solvent, carbon disulfide, at levels below the current United
States Threshold Limit Value (T.L.V.) showed both subjective



symptoms and performance impairment, but were not diagnosed as
clinically intoxicated. This finding casts doubt on the
sensitivity of standard clinical procedures for detecting health
impairment resulting from occupational exposure to neurotoxins
such as carbon disulfide. Recognizing this need, the National
Institute for Occupational Safety and Health contracted for this
study in an effort to further document the behavioral and
neurological effects of chronic low level exposure to carbon
disulfide, and to investigate the utility of behavioral tests
for detecting early, reversible, functional changes in exposed
workers. The specific objectives of the study were to:

(1) review the scientific literature regarding the known effects
of exposure to carbon disulfide; (2) select a behavioral/neuro-
logical test battery that would be sensitive to these known and
"presumed" effects; (3) administer the test battery to workers
exposed to levels below, ‘at, and possibly above the current
T.L.V.; and (4) investigate relationships between the behavioral/
neurological measurements, exposure indices, and medical data.



REVIEW

Carbon disulfide (or bisulfide, CS,) is a colorless,
transparent, volatile liquid which in its pure state smells
like ether or chloroform. In its commercial graderthe product
has an offensive odor that resembles decaying cabbage. The
liquid boils at 46.25 degrees C., auto-ignites at 100 degrees
C., and its vapors, when mixed with twenty parts by volume of
atmospheric air, are highly explosive, having a vapor pressure
of 400 mm Hg. at 28 degrees C. The density of the vapor is
more than 2.5 times that of air.

Carbon disulfide is harmful both as a liquid and as a
vapor. Absorption can occur through intact skin. Carbon
disulfide vapor is rapidly absorbed when inhaled, producing an
equilibrium between blood and inhaled vapor within 1 to 2 hours.
Approximately 70% of the absorbed carbon disulfide is excreted
from the body or metabolized in a few hours (Gosselin, Hodge,
Smith, and Gleason, 1976). Opinions vary, however, regarding
the exact percentage metabolized, excreted in the expired air,
urine, or as urinary metabolites.

The existing Occupational Safety and Health Administration
(OSHA) standard governing occupational exposure to carbon
disulfide establishes a maximum allowable 8-hour time weighted

average of 20 ppm (60 mg/M3). During an 8-hour work shift,
peak exposures of up to 100 ppm are permitted if the duration
of exposures does not exceed 30 minutes. In order to achieve

an 8-hour time weighted average (T.W.A.) of 20 ppm, however,
these peak exposures would have to be offset by periods of
exposure below 20 ppm.

The use of carbon disulfide in industry 'has been primarily
due to its exceptional characteristic as a solvent for fats.
Its primary use in the United States is in the production of
viscose rayon. Other uses include the production of xanthates,
plywood adhesives, flotation agents, thiocyanates, cellophane,
optical glass, coal gas, tar distillation products, transparent
film, and as an ingredient in lacgquers and thinners.

The known effects of exposure to CS, were the topic of a
review of the scientific literature conducted in the first
phase of the present study (Tuttle, Reed, and Grether, 1973).
This review focused primarily on research literature published
since 1965, although earlier critical articles were also
reviewed. The topics treated were (1) effects of exposure -
emphasizing behavioral and neurological effects; (2) adequacy
of techniques for assessing behavioral and neurological effects;



and (3) the adequacy of techniques for assessing "body burden"
and ambient exposure levels.

Historical Viewl

Three periods were identified within which to characterize
the literature pertaining to the effects of carbon disulfide
exposure (Vigliani and Pernis, 1954). These periods are (1)
from 1856 to World War I, (2) from World War I to the end of
World War II, and (3) from World War II to the present. During
the first period,CS2 was used primarily in the vulcanization
of rubber. During this period,regulations regarding levels of
exposure to CS, were not well established. Consequently, it
was not uncommon for workers to be exposed to very high concen=-
trations. The high concentrations led to serious health prob-
lems among workers and caused Vigliani and Pernis (1954) to
label this first period the "period of acute and subacute
psychoses (Brieger, 1961, p. 302)."

During the second period, the hazards of CS) became widely
recognized, and maximum acceptable concentrations were estab-
lished. Nevertheless, numerous cases of CS, poisoning still
existed. In Europe,this situation was attributable to occupa-
tional conditions created by the war. Individuals were required
to work long hours in improperly ventilated work areas often
made worse by war damage and poorly planned "makeshift" work
environments. The most frequently reported symptom of CSy expo-
sure was polyneuritis, usually localized in the lower limbs
(Vigliani and Pernis, 1954). Similar findings were reported
for workers in Japan (Kubota, 1967) and in Germany (Paluch,
1947).

During this period,the first major investigation of occu-
pational exposure to carbon disulfide was undertaken in the
United States. Dr. Alice Hamilton was commissioned by the
U.S. Department of Labor to direct a comprehensive study of
the hazards associated with exposure to carbon disulfide. This
became a landmark study, which spurred further research and
aided understanding of the health hazards within the viscose
rayon industry (Penn. Department of Labor and Industry, 1938).

During the early part of the most recent historical period,
Vigliani and Pernis report that cases of CS, poisoning were
increasingly characterized by "vascular dif%used encephalopathy
with or without focal lesions (1954, p. 237)." More recent
research has presented evidence linking CS, exposure to

This section is excerpted directly from the review by Tuttle,
et al.(1973).



atherosclerosis (the deposition of fatty substances in, and
fibrosis of, the inner layer of the arteries) and coronary
artery disease (Tiller, Schilling and Morris, 1968; Hernberg,
Partanen, Nordman and Sunari, 1970). The emphasis placed on
the effects of CS, exposure on the cardiovascular system seems
to be the main theme of this third period.

From the available evidence, it would seem that a fourth
period in the history of CS, research is just beginning. Recent
research by Hanninen (1971) "and her associates suggests that
behavioral changes are perhaps the first signs of CS, intoxica-
tion. This finding has important implications for tﬁe early
detection of CS; poisoning. The development and validation of
a battery of behavioral/neurological tests to detect pre-
clinical behavioral changes resulting from CS, exposure would
provide a valuable diagnostic tool. Such ear%y diagnosis
would permit exposed workers to be removed from exposure prior
to the onset of definitive clinical symptoms or irreversible
health impairment.

Conclusions from the Literature Review

Based on this extensive literature review, a number of
conclusions were drawn with regard to the effects of CS,
exposure and the methods used to study these effects. These
conclusions are listed below.

1. Psychological/behavioral effects seem to be the
earliest manifestations of chronic CS; poisoning.
These early effects include: headache, fatigue,
insomnia, rapid mood changes, slight psychomotor
impairment, and intellectual impairment.

2. Standardized psychological/behavioral tests appear
to have potential utility for discriminating between
those having latent CS, poisoning and those who are
unaffected. A test battery including a wide variety
of psychological dimensions is preferable to one
measuring only one or a few dimensions.

3. Slowed peripheral nerve conduction velocity and
abnormal electromyographic (EMG) tracings can be
observed prior to the onset of other clinical
symptoms of neurological damage.

4. More advanced stages of chronic CSp poisoning produce
abnormalities in reflex actions. These changes, how-
ever, are not as useful to early diagnosis and are
not as reliable as EMG or conduction velocity measures.



5. During the period covered by this review, the effects
of chronic CS, exposure on cardiovascular functioning
were preliminarily established. These effects
include high diastolic and systolic blood pressure,
atherosclerosis, and an increased likelihood of
death from coronary disease.

6. The effects of CS; exposure on hepatic functioning
remain complex and unclear. Chronic exposure seems
to lead to liver enlargement and a disturbance of
liver antitoxic functions. Evidence from acute studies
suggests that liver damage may also result from inter-
action of CS, with other factors such as diet or drugs.

7. Chronic exposure has been shown to produce significant
effects on the visual system. The most consistent
effects are increased retinal arterial pressure and
retinal microaneurysms. These effects seem to increase
in severity with the increase in the number of years
of CS, exposure.

8. Chronic CS, exposure produces disturbances in metabolic
and enzymatic reactions in the spleen, kidney, and
gonads. Effects have been demonstrated in both human
and animal studies.

9. The evidence with regard to effects of CS, exposure
on auditory function is unclear. There is a suggestion
that chronic exposure over a period of years leads to
decreased sensitivity to high frequency tones.

10. The Iodine Azide Test (IAT) provides the most feasible
and sensitive biochemical measure of CS, exposure.

11. The most accurate and generally accepted method for
analyzing CS, vapor concentrations in the air is the
diethylamine photometric procedure.

In-Plant Case Study

Following the completion of this review,a case study of
particular significance was published which summarized the
results of a NIOSH investigation of carbon disulfide exposure
conditions in a viscose rayon plant (Occupational Health Case
Report No. 1, 1974). The investigation focused on the spinning
and cutting areas of the plant which are two areas having the



highest exposure to CS,. At the time of the investigation

there were approximate%y 27 spinnermen and 28 cuttermen employed
at the plant, all of whom participated in the urinalysis
screening and medical interviews. Exposure data was monitored
for a sample of six spinnermen and eight cuttermen.

The results showed that cuttermen were exposed to Time-
Weighted Average (T.W.A.) concentrations ranging from 9.5 ppm
to 129 ppm, while the T.W.A.'s for spinnermen ranged from 4.3
to 11.1. The iodine azide test, an index of exposure based on
an analysis of urinary metabolites, revealed abnormal scores
for 10 of 28 cutterman and 2 of 27 spinnermen.’ None of the
6 chargehands or the 20 control group members had abnormal
scores. Medical interviews revealed that 71 percent (20 of 28)
of the cuttermen and 48 percent (13 of 27) of the spinnermen
expressed symptoms characteristic of those normally associated
with CSy exposure (e.g.,headaches and dizziness). These percen-
tages can be contrasted with those for chargehands (33% - 2
out of 6) and for controls (5% - 1 out of 20).

As a result of this investigation, the following conclu-
sions were drawn:

1. Exposure to carbon disulfide in this work environ-
ment is toxic to cuttermen, chargehands, and others
working in the cutter area.

2. Spinnermen are exposed to levels of carbon disulfide
below the standard specified by the Department of
Labor which is necessary to protect the worker's
health. "However, because of evidence of symptomatic
spinnermen and borderline abnormal iodine test results,
spinnermen, N-10 men, patrolmen, filtermen, and pump-
testers may on occasion be exposed to levels of carbon
disulfide potentially toxic to them" (Occupational
Health Case Report - No. 1, 1974, p. 29).

3. A serious safety hazard also exists with respect to
any worker who is overexposed to carbon disulfide
because of the dizziness which may result from exposure.

This in-plant investigation provides some indication of
the effects of occupational exposure to carbon disulfide. As
the authors mention, this investigation was intended to be
only a limited medical investigation of those currently exposed.
Since the investigation was initiated by workers in the cut-
ting and spinning areas, the investigators were restricted to
those areas. Therefore the investigation could not deal with
workers who had previously worked in the spinning and cutting
areas but who now worked in other areas of the plant. Nor did it
include workers exposed to CS, in other areas of the plant.

~J



METHOD

Selection of Behavioral/Neurological Test Battery

The selection of an experimental test battery to screen
workers for the effects of a toxic substance should be guided
by two principles. First, the battery should include tests
that measure functions related to the known effects of the
substance. Particularly important would be the inclusion of
any tests that have a proven utility for the substance.
Secondly, the battery should possess content validity. As noted
by Hanninen (1971), the battery of tests should be heterogeneous
enough to cover a variety of functions. This second principle
is important in view of the fact that the full range of behavioral/
neurological effects of a substance are rarely known. If tests
are only selected to measure functions that are known to be
affected, some potentially important effects are likely to remain
unknown,

The first step in selecting tests according to these
principles involved the use of consultants with expertise in
the area of human performance measurement. Three psychologists
were asked to read the Cs, literature review (Tuttle et al.
1973) and make suggestions for measures to be included in a
potential test battery. In addition to consultant recommenda-
tions, project staff made recommendations based on their exper-
tise and pertinent previous research in behavioral toxicology
and human performance measurement.

Recommendations by consultants and project staff were
then evaluated in terms of the following criteria.

What is measured. The test should measure functions that
are known to be, or hypothesized to be,affected by exposure to
carbon disulfide.

Precision of measurement. Based on reported research
evidence, the test should have adequate reliability. Of pri-
mary concern for the present application is test-retest reli-
ability.

Administration requirements. In order to be practical for
industry use, the tests should be able to be administered by
technicians and not require expensive apparatus.

Time requirements. The length of time required to take
the test was important not only from industry's viewpoint,
but as a practical consideration of the research project.




Both the constraints of industry and individual cooperation in
the research, as well as the practical considerations for a
screening battery, demand that the time requirements be kept
at a minimum.

Cost. It was considered desirable to develop a test
battery that would be available for general industry use at a
reasonable cost. Although no absolute cost ceiling was imposed,
this criterion ruled out consideration of tests requiring elabo-
rate apparatus (e.g., computer controlled testing devices, etc.).

Scoring. Tests which yielded objective, quantitative
scores were preferred to those requiring subjective judgment
and interpretation to score (e.g., projective personality
measures, etc.). Related considerations were time required for
scoring and the existence of normative data.

Freedom from the effects of fatigue or practice. The
confounding effects of fatigue and practice can compromise the
utility of a test in many instances, especially when the test
is administered to the same individual on several occasions,
as would be the case in an industry screening program. There-
fore, tests less susceptible to these effects were favored.

Practical Considerations. A number of factors such as the
size and portability of the apparatus required, the number of
pieces of equipment, and space requirements were considered.
These were important for the purposes of the research study
as well as for industry acceptance.

On the basis of these criteria, the following tests were
chosen to comprise the experimental test battery.

Feeling Tone Checklist
Wechsler Digit Span
Wechsler Digit Symbol
Wechsler Block Design
Neisser Letter Search
Critical Flicker/Fusion Frequency
Santa Ana Dexterity Test
Simple Reaction Time
Choice Reaction Time
Drop -Reaction Time
Farnsworth Dichotomous Test
of Color Vision

Feeling Tone Checklist. Developed by Pearson and Byers
(1957), the Feeling Tone Checklist (Appendix A) provides a gquanti-
fied measure of fatigue by having subjects indicate whether they
feel "better than," "the same as," or "worse than" ten descrip-
tive phrases (e.g., very lively, about to drop, etc.). The




Feeling Tone Checklist was included in the battery since fatigue
has been one of the most consistently reported symptoms of
exposure to neurotoxins such as carbon disulfide. In addition,
the checklist can be self-administered, requiring a minimum
amount of time (approximately two minutes). It can be scored by
machine or hand. Developed and utilized by the Air Force, the
checklist has an internal consistency reliability of 0.92.

Digit Span. This test from the Wechsler Adult Intelligence
Scale (WAIS) provides a measure of memory for digits presented
both forward and backward. It must be individually adminis-
tered to workers and requires a verbal response from the testee,
to be recorded by the test administrator. The Digit Span was
included largely because of previous research (Braceland, 1938;
Lilis, 1973) reporting memory impairment in workers exposed to
specific neurotoxins. In addition, Hanninen (1971) found this
WAIS sub-test to differentiate significantly between unexposed
controls and exposed with no symptoms. Though intended to be
administered by a trained psychologist, the test can be easily
administered by a trained technician. Requiring less than five
minutes, it is inexpensive and easily scored. The reported reli-
ability of the digit span for three age groups ranges from 0.66
to0.71 and is based on a correlation of the digits forward with
the digits backward scores (Wechsler, 1955). Although this is
somewhat lower than desirable, it is not too surprising, since
the digits forward and digits backward probably represent some-
what different abilities.

Digit Symbol. This test (also from the WAIS) measures
the individual's ability to code symbols with numbers using a
predetermined code. Since the individual must write the symbol,
psychomotor impairment as well as increased information processing
time will decrease the score. This test was also shown by
Hanninen (1971) to be sensitive to the effects of a neurotoxin,
carbon disulfide (CS2). 1In addition, the test involves simple
instructions, can be administered to several individuals simul-
taneously, requires approximately three minutes to give, is
inexpensive, and easily scored using a key provided in the WAIS
test kit. The estimated alternate form reliability of the Digit
Symbol test is 0.92 (Wechsler, 1955).

Block Design. A measure of perceptual organization, this
WAIS subtest was also used in the Hanninen (1971) test battery,
and successfully differentiated the exposed and unexposed groups.
The worker is presented with a set of colored cubes (Figure 1).
Two sides of each cube are red, two sides are white, and two
sides are half red and half white. The task involves arranging
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Figure 1., Block Design Test
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the blocks or cubes in such a way that the top surfaces repro-
duce a design that is displayed for the worker by the experi-
menter. In the first six trials,four colored blocks are used,
and for the last four trials,nine blocks are required to repro-
duce the design. The score is based on the number of designs
correctly reproduced as well as the speed with which the task
is completed. Published odd-even split half reliability co-
efficients for the Block Design test range from0.82 to0.85 for
three different age groups of adults (Wechsler, 1955).

Neisser Letter Search. A "vigilance" performance test,

the Neisser measures speed of visual search. Clusters of
letters are presented to the subject with instructions to iden-
tify and mark the predetermined letter or letters from the
visual array. The Neisser was included as a result of studies
which showed difficulty in concentration and restlessness to be
associated with exposure to some solvents. As a test requiring
selective attention, the Neisser seems an appropriate measure
of these effects. In addition, the Neisser can be administered
to a number of subjects simultaneously, requires approximately
- five minutes, and is inexpensive. The scoring system is simple,

but requires diligence on the part of the scorer. By allowing
two trials with each target, some allowance is made for practice
effects. 1In addition, the test has an acceptable test~retest
reliability (r =0.78) (Rose, 1974).

Critical Flicker/Fusion Frequency. This is a measure of
visual/neurological performance requiring a flicker control unit
(Figure 2) and a viewing chamber (Figure 3). The test involves
determining the Critical Flicker Frequency - the frequency at
which a steady light source with a controlled intensity begins
to flicker (method of descending frequencies), or the Critical
Fusion Frequency - the frequency at which the flickering light
source fuses into a steady light (method of ascending fre-
quencies). This test has been included as a result of studies
which have shown that neurotoxins affect visual functioning.
Investigations have also shown that the CFF performance is
impaired when an individual's capacity for mental or physical
performance is impaired or fatigued.

Critical Flicker/Fusion Frequency can be scored quantita-
tively and easily. Testing time is brief, only three to four
minutes are needed per subject. The cost of the CFF equipment
represents a considerable portion of total test battery cost,
but is not prohibitive. The inclusion of this instrument is
necessary since it improves the content validity of the battery
by measuring visual functioning. Further exploration of the
sensitivity of CFF to the effects of exposure to toxic substances
in general is important from an exploratory research view.

12



Figure 2. Flicker Control Unit

Figure 3. Viewing Chamber
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Santa Ana Dexterity Test. The Santa Ana is a measure of
finger dexterity that requires workers to remove, rotate, and
replace pegs into holes on a board. Scores are obtained by
counting the number of pegs correctly turned in a given time
period with the right hand (Figure 4), left hand (Figure 5), and
both hands simultaneously (Figure 6). Hanninen (1971) found
this to be the most sensitive single measure of the effects of
carbon disulfide exposure.

The test can be administered in approximately ten minutes,
and it is possible to test at least two subjects at once (cutting
the time per subject in half) if two boards are available.
Practice pegs and multiple trials compensate for practice effects.
The test is quite reliable, having a split half reliability of
.91. Unfortunately, the boards are not available commercially
at this time. For the purposes of the present project, the
boards were manufactured to the same specifications by the same

individual who constructed the boards used in the Hanninen
experiment.

Simple and Choice Reaction Time. This measure of reaction
time involves measuring the amount of time required by workers
to respond to a light signal by pressing a button which turns
off the light. A standard commercially available choice reac-
tion time device with four differently colored lights was used.
The apparatus involved three components: a control device
used by the experimenter to control the occurrence of the light
signal, a timer which displayed response time digitally in
hundredths of a second (both shown in Figure 7),and a response
device (Figure 8). Both simplé (worker knows which light signal
to expect) and choice (worker does not know which of four
signals to expect) reaction trials were given.

Considerable research suggests that some neurotoxins (e.g.,
carbon disulfide) slow nerve conduction velocity. Slowed nerve
conduction velocity would be expected to lead to slowed move-
ment time, one of the components of reaction time.

This particular procedure offers the possibility of obtaining
three separate measures which could be affected by gengral neuro-
logical impairment: (1) simple reaction time, §2) choice
reaction time, and (3) decision time. The testing procedurg .
requires approximately ten minutes. However, through a modifi-
cation of the equipment, it was possible to test two workers
at one time, thereby reducing the testing time.

14



Figure 4. Santa Ana - Right Hand

Figure 5. Santa Ana - Left Hand
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Figure 6. Santa Ana - Both Hands
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Figure 7. Experimenter's Control Panel and Timer

Figure 8. Response Device Used by Participant
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Drop Reaction Time. A fairly new and quite simple technique
for assessing reaction time, this test was included both to pro-
vide further information on its utility and to provide a second
measure of simple reaction time. The apparatus consists of a
board or "track" which is attached to the wall and a "ruler"
calibrated in milliseconds (Figure 9). The worker is instructed
to place the thumb of his/her preferred hand over the track,
while the experimenter drops the ruler. As soon as the worker
perceives movement, he/she is to stop the ruler's fall with the
thumb. The experimenter can then read the reaction time directly
from the graduations on the ruler.

Although this procedure has little research support, its
simplicity, portability, and low cost make it attractive. Admin-
istration time is about four minutes or less.

Color Vision. In order to screen for adverse effects of
carbon disulfide exposure on color vision, the Farnsworth Dicho-
tomous Test for Color Blindness was included in the test battery.
In this test the worker is asked to arrange a set of 15 buttons
according to color (Figure 10). The test is scored by referring
to numbers on the back of the buttons which correspond to the
correct order. PASS-FAIL determinations are made by plotting
the response pattern on a standard answer sheet and by referring
to scoring criteria. Test-retest reliability data indicates
extremely high stability in the pass-fail judgment across tes-
ting sessions.

Selection of Worker Population

The selection of the worker population involved a number
of steps. The first involved selection of a manufacturing plant.
It was desirable,from a practical point of view, to select a
plant or plants in reasonably close proximity to the Washington,
D.C. area in order to minimize travel costs associated with
field data collection. With this objective in mind,efforts
were made to locate viscose rayon plants in the Middle Atlantic
states. A suitable plant was selected on the basis of geogra-
phical considerations and accessibility,and contacts were made
with the corporate headquarters of the parent company and the
international headquarters of the union which represented the
workers. Meetings were held with both company and union
officials to seek their cooperation in the project. These
meetings were successful insofar as union support was concerned,
however, the company declined to endorse the project. The
existence of union support and, in particular, the existence
of strong union support at the local level, meant that there
was a good chance of getting worker cooperation. Worker coop-
eration was essential in order to guarantee sufficient volunteers
for the behavioral and neurological screening phases of the
‘project. The lack of company support meant that no in-plant
air monitoring would be possible. Although this would create
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Figure 9. Drop Reaction Time Apparatus

Figure 10. Color Vision Test Apparatus
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problems for any attempt to quantify the exposure of individual
workers, the problem was partially offset by the existence of
published data for this particular plant. The results of a
NIOSH investigation of CS; exposure levels in two jobs, cutting
and spinning, could be used to determine relative levels of
exposure in the two jobs where exposure is greatest. However,
the absolute levels reported are less useful since there is

no assurance that they reflect either current or past condi-
tions. Nevertheless, the decision was made to conduct the
study in this plant despite the lack of company cooperation.

Once the plant was selected and union cooperation obtained,
there was a delay of approximately 9 months due to the proce-
dures required for obtaining clearance of the test procedures.
When the necessary clearances were obtained, efforts were
initiated to obtain volunteers from the workers at the plant.
This process was hampered by the fact that during the delay
period, awaiting OMB clearance, there had been wide scale lay-
offs in the selected plant which reduced the target population
available to the study. However, it was not feasible at this
point to switch locations or to increase the scope of the study
by adding a second plant. Therefore the decision was made to
continue the project in the selected plant as planned and to
initiate efforts to obtain as many participants as possible.

The recruiting of participants was handled directly by
local union representatives using guidelines prepared by the
project staff. Appendix B presents the guidelines that were
developed for selecting participants. As shown in these guide-
lines,the highest priority was to obtain the participation of
those workers currently working in jobs where there is daily
exposure to carbon disulfide. Next priority was given to those
who were recently exposed (had been transferred from the
exposed jobs within 1-6 months or who had retired during that
period). '

In addition to the exposed population,the study design
required that a group of workers be obtained who were not
currently exposed and had never been exposed. Initially, efforts
were begun to obtain these workers from the same plant from
which the exposed group was obtained, the idea being to insure
that the unexposed group were similar in every respect to the
exposed group except exposure. After some time, however, it
became obvious that due to the job progression pattern in the
plant, it is rare to find an individual who is totally unexposed.
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Normally, an individual who is hired will be placed first in
the staple department in a relatively low exposure job. However,
after a few weeks he will be assigned to work as a cutterman.
Most will remain in this job until they have acquired suffici-
ent seniority to bid off the cutters to some other job. How-
ever, the first 6-12 months of an employee's time is usually
spent in areas in which there is at least some exposure to
carbon disulfide. Because of this situation, efforts were
initiated to obtain an additional control population. These
efforts centered on a local carpenters' union. Contacts were
initiated with the Business Agent of the local. He presented
the project to the membership at a union meeting and the
decision was made to participate. Thus the unexposed group
was comprised of two separate subgroups, those plant employees
who had never been exposed to CS; and carpenters who agreed

to participate.

A final group of participants was drawn from the ranks of
plant management. As the data collection phase was nearing
completion, it became obvious that the sample size desired
for the project would not be met by volunteers from the two
groups thus far mentioned, i.e.,union members and carpenters.
Also at this time, following changes in management and medical
staff, the company had revealed a more cooperative attitude
toward the project and had permitted the researchers +o tcur
the plant and to post a notice advertising the project to
workers. With this combination of circumstances it seemed
appropriate to seek the participation of management personnel,
particularly foremen and supervisors. Most of them were former
union members who had been promoted to management and had worked
or currently worked in exposed areas of the plant. The company
agreed to this request and management volunteers were solicited
from those areas of the plant (both exposed and unexposed) from
which workers had been obtained.

A breakdown of the obtained sample is shown in Table 1.

Table 1

Composition of Sample

No. Exposed No. Unexposed ? Total
~ Union 89 5 1 95
Carpenters 2 14 0 16
Management 23 _6 1 30
114 25 2 141
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Althcugh there were altogether a total of 150 volunteers,
nine were eliminated due to either medical history information
or on the basis of the neurological examination. The primary
reasons for elimination were previous history of diabetes or
a diagnosed neurological condition that was known to be due
to causes other than exposure to CS;. Of those union members
listed as being exposed, twelve were currently working as
either cuttermen or spinnermen, while 63 out of 89 had at
some time worked in either or both jobs. With regard to the
management personnel, eight of the exposed had previously
worked as cuttermen or spinnermen. It can also be noted in
Table 1 that all the carpenters cannot be considered to be
unexposed. Two carpenters had previously worked in exposed
jobs in the plant prior to becoming carpenters.

Medical Evaluation

Volunteers for the project were first given a set of
clearance forms (Appendix C) which informed them of the purposes
of the project and provided a space for individuals to sign,
thereby indicating their willingness to participate. The forms
also gave participants the opportunity to designate a physician
to receive the report of his medical examination, and the oppor-
tunity to indicate whether or not he wished to have his indi-
vidual results forwarded to the National Institute for Occu-
pational Safety and Health for review and possible follow-up.

Individuals who signed the consent form and agreed to
participate in the project were then given a medical history
questionnaire to complete (Appendix D). Once this question-
naire was completed, the individual was scheduled for the neuro-
logical examination and electrodiagnostic examination. The
protocols used in these examinations are provided in Appendix E.

Following the examination,each physician completed rating
forms which summarized,quantitatively, the results. These
rating forms are presented in Appendix F. The format of the
rating scale was developed for this study, however,the rating
factors and weights were taken from previous research (Allen,
Mendell, Billmaier, Fontaine, and 0'Neill, 1975). Four scores
resulted from the ratings: symptoms, neurological, electro-
diagnostic,and total. The symptoms score and the neurological
score resulted from ratings made by the neurologist while the
electrodiagnostic score resulted from ratings made by the elec-
tromyographer. These three scores were summed to yield a Total
Neurological Score for the worker. Allen (undated manuscript)
suggests that the score ranges foxr the Total Neurological Score
can be interpreted as follows:
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0 -3 Normel
4 - 5 Abnormal but not definite neuropathy
6 - 8 Probeble neuropathy
9 or over Neuropathy
This procedure was adepted for the present study since it
provided a method for quantifying the results of the neuro-

logical evaluations.

Field Data Collection

The field data collection phase of the project had three
objectives: (1) collection of behavioral test data, (2) ob-
taining detailed work history information required to determine
length of CS8;5 exposure, and (3) obtaining urine samples to
permit a biological determination of exposure using the iodine-
azide procedure.

Behavioral Testing

Behavioral testing was conducted at the union hall for
viscose rayon workers and carpenters, and in a plant confer-
ence room for management personnel. The scheduling of workers
for testing was done by the union office in the case of union
workers and carpenters, and by plant management in the case of
the management personnel. Most workers were tested either just
before or just after work. Since most participants were shift
workers, this meant that testing sessions were held throughout
the work day and into the evening. Midnight shift workers were
tested just prior to going to work at 10:00 P.M., evening shift
workers were tested prior to work at 2:00 P.M., and day shift
workers were normally tested just after work at 4:00 P.M.
Sessions were held at other times during the morning and after-
noon for retired workers or those who had a "day off." For
management personnel, since company cooperation had been obtained,
testing was conducted during the employee's normal work shift.

The procedures followed in the behavioral testing are
described in detail in Appendix G.

Work History Interviews

Interviews were conducted with each participant at the
time of behavioral testing to determine the individual's job
progression in the plant, and to assess the extent to which
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the individual had been exposed to other chemical substances
which might bias the study results. Each individual was asked
to describe each position held in the plant and to give the
number of months or years spent in each position. .This infor-
mation was used to determine the number of years of exposure
and to obtain an estimate of the degree of exposure. Each
individual was also asked to provide an estimate of the total
number of years he had been exposed to carbon disulfide.

Urine Samples

; According to Djuric (1967), the most acceptable biological
method for estimating the degree of CS, exposure is the iodine
azide test. This procedure involves the analysis of metabolites
of CSy excreted in the urine and permits the calculation of an
exposure coefficient. This exposure coefficient bears a linear
relationship with previous exposure level. However, Djuric
points out certain limitations of the method. First,it is not
reliable for exposure below 50mg/m3, a value slightly below

the United States T.L.V. of 20 ppm. A second limitation is
that the urine should not be too diluted (creatinine value

less than 1.25 mg/ml) or the test is indeterminate.

In the present study, when possible, urine samples were
obtained from workers both before and after their work shift.
Not being located in the plant, however, meant that the samples
were not obtained immediately after the work shift. Usually
20-30 minutes elapsed from the time the worker came from the
plant to the union hall. Perhaps more importantly, the sample
obtained was often diluted since workers would normally void
before leaving the plant. As a result, a number of the tests
were indeterminate.

When valid, the end of shift exposure coefficient provides
an indication of the average exposure level for the shift. The
-beginning of shift exposure coefficient provides an indication
of the extent to which the individual has residual effects from
his previous shift. To the extent that the beginning of shift
exposure coefficient fails to return to a normal indication, this
can be taken as evidence of CS, poisoning.

Summary of Variables

The variables which resulted from the various data
collection efforts can be summarized under the following
categories:

1. Work/Medical History
2. Medical/Neurological
3. Electrodiagnostic

4. Exposure

5

Behavioral Test Scores



The individual variables in each of these categories are
discussed or listed below.

Work/Medical History (180 variables). The variables in this
group consist of responses to the Work/Medical History Ques-
tionnaire. The variables can be grouped in the following
categories:

Personal Data
Work History
Beverage History
Medical History
Symptoms

For a detailed listing of individual variables see Appendix D.
Medical/Neurological (13 variables). The variables in this

group are those resulting from the neurological examination
and the associated laboratory and visual tests.

1. GLU - Random glucose at time of Neurological examina-
tion (non-fasting)
2. HCT - Hematocrit at time of Neurological examination
3. Visual Acuity - right eye % 1l = below normal, 2 = normal,
4. Visual Acuity - left eye 3 = better than normal
5. Visual Field in Degrees, Right Eye Vertical Plane
6. Visual Field in Degrees, Right Eye Horizontal Plane
7. Visual Field in Degrees, Left Eye Vertical Plane
8. Visual Field in Degrees, Left Eye Horizontal Plane
9. Systolic Blood Pressure
10. Diastolic Blood Pressure
11. Age
12. Rating of Symptoms (per rating form in Appendix E)
13. Rating of Neurological Status (per rating form in
Appendix F)

Electrodiagnostic (11 variables). This set of variables
includes those obtained from the electrodiagnostic examination
conducted by an electromyographer.

Ulnar Distal Motor Latency

Ulnar Nerve Conduction Velocity

Ulnar Slow Fibers Delay

Ulnar Slow Fibers Refractory Period

Ulnar Slow Fibers Resultant

Ulnar Slow Fibers Distance

Ulnar Slow Fibers Conduction Velocity

Peroneal Distal Motor Latency

Peroneal Nerve Conduction Velocity

Drop Reaction Time (administered at time of electro-
diagnostic examination)

Edgscore - Electrodiagnostic rating score (per rating
form in Appendix F)

OO O~ UT R WN -

-

-
—
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Exposure (18 variables). The exposure variables were based
on detailed work history interviews with participants. Also
included are variables resulting from the iodine azide tests.

1.
2.
3.
4.
5.

10.

11.

12.

Yrs. Cutting - No. of years as cutterman

Yrs. Spinning - No. of years as spinnerman

Yrs. Acid - No. of years in acid department

Yrs. Churn/Mix - No. of years as churn/mix operator

Yrs. Staple - No. of years in staple department Jjobs
other than cutting or spinning

Yrs. Other Viscose - No. of years in other viscose
department jobs (other than churn/mix)

Yrs. Other - No. of years in other jobs in the plant
outside staple and viscose

Yrs. Away from Cutting/Spinning - No. of years since
last worked as cutterman or spinnerman

Yrs. of CS,; exposure - No. of years exposed to CSj

Yrs. Away from CS, exposure - No. of years since
last worked in exposed job

Pre Coefficient - Pre shift exposure}ll = Over 5 hours

coefficient from Iodine to decoloration
Azide Test

Post Coefficient - Post shift 2 =FE = 6.5 or greater
exposure coefficient from Iodine J
Azide Test 3 =E<6.5

From the above variablesisix additional exposure indices
were derived by weighting variables 1 - 10. These are presented
below along with the rationale for the variables.

13.

14.

15.

EXP_1 = 40 * Yrs. Cutting + 3 *xYrs. Spinning + 2 « Yrs.
Acid + 2#* Yrs. Churn/mix + Yrs. Staple + Yrs.
Other Viscose.

This variable is a weighted sum of the number of years
in exposed jobs. The weights were selected to approxi-
mate the relative exposure levels in various sections
of the plant.

EXP 2 = Yrs. Cutting + Yrs. Spinning

This variable is simply the number of years the
worker has spent in either Cutterman or Spinnerman
jobs with the two weighted equally.

EXP 3 = 5% Yrs. Cutting + 4 xY¥rs. Spinning + 3 Yrs.
Acid + 2 *Yrs. Churn/Mix + Yrs. Staple + Yrs.
Other Viscose.

This variable is a weighted sum of the number of years
worked in exposed jobs. The weights reflect the ranks
that would be assigned if the jobs/departments were
rank ordered in terms of exposure level.
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16. EXP 4 = 5% Yrs. Cutting + 4 * Yrs. Spinning + 3 * Yrs.
Acid + 2 x Yrs. Churn/mix.
This variable is the same as variable 15 except that
Other Staple and Other Viscose are dropped out of
the calculation.
17. EXP_5 = Yrs. Cutting + Yrs. Spinning + Yrs. Acid
4+ Yrs. Churn/mix + Yrs. Staple.
This variable is a sum of the number of years spent
in the five categories where exposure is likely to
occur. This variable is the best estimate of the
individual's number of years exposed (unweighted by
level).
18. EXP_6 = EXP_2/Yrs. Away from Cutting/Spinning.
This variable represents the ratio of years spent in
Cutting or Spinning (EXP_2) to the number of years
the worker has been out of Cutting and Spinning.
This variable represents an attempt to take into account
the hypothesis that one's condition may improve when
removed from exposure, or at least when exposure level
is reduced. Yrs. Away from Cutting/Spinning was
assigned a value of 1 if the individual had been away
from Cutting or Spinning for 1 year or less. Values
of the variable range from 0 to N where N = the number
of years exposed to CSj.
Behavioral Test Scores (15 Variables). The variables in this
group resulted from administration of the behavioral test battery.
1. SRT - Simple reaction time
2. CRT - - Choice reaction time
3. DECTIME - Decision time defined as (CRT-SRT)
4., DRT - Drop reaction time
5. CLRVIS - Color Vision (1 = fail, 0 = pass)
6. SAR - Santa Ana right hand score
7. SAL - Santa Ana left hand score
8. ©SAB - Santa Ana both hands score
9. NEIS - Neisser letter search score
10. DSP - Digit span
11. DSy - Digit symbol
12. CFFD - Critical flicker frequency - method of
descending frequencies
13. CFFA - Critical fusion frequency - method of
ascending frequencies
14. CFFM - Critical flicker/fusion frequency - mean
of #12 and #13
15. BD - Block design
16. FTC - Feeling torne checklist
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RESULTS

Analyses of the obtained data can be grouped into five

major categories. The first, summary statistics, is concerned
primarily with analyses within various subsets of variables
(e.g.,behavioral, neurological, exposure, etc.). The second,

third,and fourth involve investigations of relationships between
subgroups of variables. These analyses are concerned with rela-
tionships between: (1) CS, exposure indices and neurological
findings; (2) CS, exposure indices and behavioral test scores;
and (3) behavioral test scores and neurological variables.

The fifth category includes analyses similar to those reported
by Hanninen (1971). The results of each of these types of
analyses are presented below.

Summary Statistics

The sample of participants included 150 Voluhteers drawn

from three distinct subgroups: (1) Union workers in the rayon
plant (N=102); (2) carpenters (N=16); and (3) management personnel
from the viscose rayon plant (N=32). The first stage in the data

analysis consisted of identifying and eliminating from further
analysis those individuals who had a neurological problem stemming
from some known cause other than CS, exposure, and also those
individuals who had a condition which might have produced neuro-
logical signs similar to those produced by CS;. This data summary
led to the elimination of data for 9 participants. The condition
leading most frequently to the dropping out of data was diabetes.
However, data was also dropped out due to gout, transverse myelitis,
circulatory problems in the lower limbs, and disc problems.

The remaining sample (N=141) is characterized on selected
variables in Table 2 . The groups are very similar in terms of
average age, with the union group slightly younger. In terms of
years of education,the management group is somewhat higher than
either the union or carpenter group, however, the difference is
not statistically significant. Exposure indices reveal that the
union group is highest in terms of all exposure variables except
years spent in "other viscose." This category includes viscose
department jobs other than churn/mixing where exposure is probably
very slight. Examinatioh of the exposure data for carpenters
reveals that the group is not totally unexposed. One carpenter
worked 16 years in the churn/mixing operation and another worked
one year in a job in the "other viscose" category. Of the union
participants, 63 of 95 (66%) have worked in either the cutting
or spinning operation,or both. Twelve union participants were
currently working on spinners or cutters. In the management group,
8 out of 30 (27%) have worked in the past as spinning or cutting
machine operators.

Table 3 presents the six exposure indices derived from the
data obtained in the work history interviews. Also shown is the
participant's estimate of the total number of years he has been
exposed to CS,. This variable, yrs. exposed, is the result of
participants' answers to a direct question concerning length of
exposure.
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An idea of the interrelationships among exposure indices
can be derived from an examination of Table 4 . This data is
based on the total sample. Of particular interest are the cor-
relations of the derived exposure indices with the various com-
ponent scores. For example, the correlation of EXP_1 with Yrs.
Cutting is .98,which indicates that EXP_l is primarily weighted
toward the amount of time spent working on the cutters. On the
other hand, EXP_3, EXP_4, and EXP_5 all correlate moderately with
variables 1-4,indicating that they reflect the influence of exposure
in cutting, spinning, acid, and churn/mixing operations. These
four areas are the areas presumed to have the highest CS; exposure
in ‘the plant. It can also be observed from Table 4 that there is
a less than perfect relationship (r=.71) between Yrs. Exposure
(variable #8) as reported directly by participants and EXP_5
(vears of exposure derived from work history interviews). This
is due, in part,to participants' varying frames of reference with
regard to the concept of "exposure." To some participants, time
spent in any job in the plant was included in their estimate of
the number of years exposed, while to others,only time spent on
spinners or cutters was included. As a result, there is consider-
able error variance associated with this variable,making it quite
unreliable. EXP 5 is a more accurate estimate of the total number
of years exposed.

Neurological Status. The most comprehensive single index of
neurological status obtained in the present study is the Total
Neurological Score. This value combines results of the neurologi-
cal and electrodiagnostic evaluations. Table 5 presents fre-
quency distributions of this index for carpenters, management, and
union groups. These results show that two of the carpenters,

10 union personnel, and none of the management personnel have
(according to the criteria proposed by Allen et al, 1975)

either a probable or definite polyneuropathy. The differences

in frequency between the groups are not statistically significant
(chi square = 11.47, df = 8, p> .20).

Perhaps the most objective indication of neurological status
is provided by the results of the electrodiagnostic examination.
A frequency distribution of these findings is presented as
Table 6. The differences between subgroups for the overall
distributions ,as shown are not statistically significant
(chi square = 8.71, df = 6, p = .10). However, when the distri-
bution is dichotomized between those with positive signs (1 or
greater) and those with no positive signs (0), the chi square
across groups is significant (p <.05). ‘

An overall view of the neurological/electrodiagnostic
data can be obtained from the means and standard deviations pre-
sented in Table 7. The differences in N's on the variables in
Table 7 resulted from the fact that some participants did not
complete both aspects of the neurological/electrodiagnostic
evaluation.
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Behavioral Test Scores. Table 8 presents means and standard
deviations of the behavioral test scores according to the three
sample subgroups. Subjective reactions of participants to the
behavioral testing were, virtually without exception, positive.
This is indicated by responses from the post test questionnaire
such as "Very good test," "It's a dandy," "Enjoyed the test very
much," and "Block test was hard and fun." The only negative
remark on the questionnaire related to some distractions that

one participant felt interfered with his performance on the digit
span test.

As is the case with most measures of human performance, the
behavioral tests overlap to some degree in terms of what is
measured. This degree of overlap can be evaluated by referring
to Table 9 which presents, for the total sample, intercorrela-
tions among behavioral test scores. The patterns of relationships
among behavioral tests is further examined in the factor analyses
reported in a later part of this section.

An important consideration with regard to behavioral testing
is the extent to which the results obtained from a test are con-
sistent over time. This consistency in psychometric terminology
is referred to as the reliability of the test. The reliabilities
of the tests used in the present test battery were investigated
in different ways,depending on the test. Table 10 presents the
results of three types of reliability analyses. Internal consis-
tency reliability estimates provide an indication of the consis-
tency with which the various items in a test are measuring some
performance dimension. All of the tests, except digit span, show
acceptable internal consistency reliability. The coefficient for
digit span should be interpreted cautiously,since this reflects
the correlation between two memory tasks, digits forward and
digits backward. Since these two halves undoubtedly involve some-
what different processes, the differences help account for this
relatively low value. Test-retest coefficients reflect the
stability of the test scores over time. Such coefficients are
reduced by any "real" changes in the performance dimension that
is measured at two points in time, as well as differences in
testing conditions, etc. The present study did not permit retes-
ting except for drop reaction time,so the test-retest results
in Table 10 are based on an earlier study (Tuttle, Wood, &
Grether, 1976) and,due to the relatively small N,may be an under-
estimate. For the coefficient reported, the delay between test
and retest is one day.

Acceptable test-retest stability is demonstrated by the

Santa-Ana, Digit Symbol, Digit Span, Neisser, and CFF-descending
frequencies method. The reaction time tests showed marginal
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test-retest reliabilities. The third set of estimates 1is based
on communality estimates derived from factor analyses of the
behavioral test scores. Communalities represent the proportion
of variance in a test that it has in common with other tests in
a battery. As such it can be taken as a lower limit of the
reliability of a test. Communality estimates represent an
extremely conservative estimate of test reliability.

Relationships Between CS. Exposure and Medical/Neurological Findings

Correlational analyses were conducted to investigate relation-
ships between CS, exposure and medical/neurological results. Two sets
of correlation coefficients were computed. The first group, Table 11,
consists of Pearson-product moment correlations between the six
derived exposure indices and nine neurological variables. The
second half of the table presents partial correlation coefficients
for the same variables with the effects of age removed. The partial
correlation analyses were conducted in order to investigate the
issue of whether relationships between length of exposure and
neurological status were simply due to the known relationship between
age and neurological status.

The correlations in Table 11 show consistent relationships
between all six exposure indices and electrodiagnostic scores, ulnar
slow fibers conduction velocity, and peroneal nerve conduction
velocity. Slightly less consistent relationships (for five of six
exposure indices) are obtained for ulnar nerve conduction velocity
and total neurological score. No significant relationships are
found for the ulnar and peroneal distal latencies, or for symptoms
or neurological scores.

Examination of the partial correlation coefficients reveals
that,indeed ,some of the above correlation is due to the effect of
age. However ,with the effect of age removed (or more precisely
held constant), significant relationships remain between two expo-
sure indices, EXP_1l and EXP_2, and electrodiagnostic score, ulnar
nerve conduction velocity, ulnar slow fibers conduction velocity,
and peroneal nerve conduction velocity. Significant partial con-
ditions are also obtained between EXP 4 and the two ulnar conduc-

tion velocity scores and between EXP_6 and both ulnar and peroneal
conduction velocities.

Multiple Regression Analyses. In order to determine the amount
of variance in neurological rating scores that can be explained
with knowledge of exposure, a series of multiple regression analyses
were conducted. Following up the previous analyses, regression
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analyses were conducted only with electrodiagnostic scores and
total neurological scores. The results are summarized in Table 12.
A significant proportion of the variance in both the electro-
diagnostic score and total neurological score was explained by
exposure information. The single best predictor was EXP_1. This
value welghs very heavily the amount of time worked on the cutters.

Iodine Azide Results. Relationships between iodine azide results
and neurological variables were investigated using correlational
techniques. As discussed previously, coded_values were used for
various ranges of the exposure coefficient.l The correlations,
Table 13, were completed between these coded Iodine Azide values
and the neurological variables. The only correlation reaching
statistical significance (p < .05) is between the post shift
exposure coefficient and the neurological rating score (r = .31).

Medical History Data. Responses to the medical history question-
naire were analyzed separately for each of the three subgroups:
carpenters, union, and management. These results are presented

in Appendix H. These three subgroups can be considered to reflect
different average lengths and levels of CS; exposure,

As such, differences between the groups can, to some degree at
least, be attributed to differences in exposure.

The items which significantly differentiated (chi square
p<.05) the three groups are listed in Table 1l4. By chance, out
of 157 chi square tests, one would expect to have tests on approxi-
mately 8 items reach levels required for statistical significance.
Table 14 reports that 24 significant items were found. The types
of symptoms indicate those that have been associated with C3,
exposure in previous studies (e.g.r visual symptoms, cardiovascular
symptoms, muscle pain, irritability, depression, headaches) as
well as some that have not previously been reported as linked to
CS, exposure (e.g.,gassy stomach, pain or discomfort in the
stomach, etc.). : :

Relationships Between CS, Exposure and Behavioral Test Scores

In order for behavioral test scores to be useful for detec-
ting behavioral changes resulting from exposure to CSj, one require-
ment would be that test scores should vary as a function of expo-
sure. Other things being equal, individuals exposed for longer
periods of time and at higher levels should score less well than
individuals having less contact with the toxic substance. To
investigate relationships between exposure indices and behavioral
scores, correlations and partial correlations (age held constant)
were computed. These results are presented in Table 15.

ll=E value indicating negligible exposure; 2=E value 6.5
or greater; 3=E< 6.5.
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The correlations presented in Table 15 indicate that all
the behavioral tests correlate significantly with two or more
exposure indices. The first seven tests in the table correlate
significantly with all exposure indices. However, judging from
the correlations alone,it is not possible to determine if the
correlations are actually due to the exposure-test score relation-
ship or whether they actually reflect the influence of a third
variable - age. The partial correlations control for age by
indicating the correlation between exposure and test scores with
age held constant. The results indicate that age does contribute
to the obtained relationships,but that there are significant
relationships between certain tests and exposure, independent
of age. The tests exhibiting the most consistent relationships
with age held constant are Simple ‘and Choice Reaction Time, Drop
Reaction Time, Santa-Ana Right, Neisser, and Digit Symbol.

Relationships Between Behavioral Tests and Neurological Status.

The previous section investigated one prerequisite for
establishing the utility of behavioral test scores as health
screening tools - relationships with exposure. This section
describes the results of analyses conducted to investigate a
second prerequisite - relationships with neurological variables.
Correlations and partial correlations with the effects of age
removed were computed between behavioral test scores and ten
neurological variables. These results are presented in Tables 16
and 17. All tests except Digit Span and CFF have significant
relationships with total neurological score. All except Digit
Span, CFF, and the Feeling Tone Checklist have significant
relationships with electrodiagnostic score. For neurological
score, significant correlations were obtained for Simple and
Choice Reaction Time, Santa-Ana Right, Left and Both, Digit
Symbol, Block Design,and the Feeling Tone Checklist. Among
the scores resulting from the electrodiagnostic examination,
the one correlating most consistently with behavioral test
scores 1is peroneal nerve conduction velocity. This variable
correlates significantly with all tests except Digit Span,
Critical Flicker Frequency, Block Design, and the Feeling Tone
Checklist. All three conduction velocity scores correlate
significantly with Santa Ana Right.

When the analyses were conducted with the effects of age

held constant, there was a drop in the number of correlations reach-
ing statistical significance. The partial correlations, Table 17,
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revealed significant relationships between total neurological
score and four tests: Choice Reaction Time, Drop Reaction Time,
Santa Ana-right, and Block Design. Two tests, Choice Reaction
Time and the Feeling Tone Checklist, had significant partial
correlations with neurological score. The tests having signi-
ficant partial correlations with electrodiagnostic score were
Drop Reaction Time, Santa Ana-Right, and Block Design. The most
consistent relationships between a behavioral measure and neuro-
logical variables were obtained with the Santa Ana-Right.

Regression Analyses. To further investigate relationships between
test scores and neurological variables, a series of regression
analyses were conducted. These involved predicting total neuro-
logical score and electrodiagnostic score using behavioral test
scores alone and behavioral test scores along with age. Table 18
presents results of regression analyses for the total sample,using
only test scores as predictors. Multiple R's 0f0.63 and0.51 were
obtained for total neurological score and electrodiagnostic score
respectively. When Age is added to the system as a predictor,
Table 19 , the prediction of total neurological score is unchanged
while prediction of electrodiagnostic score improves slightly.
Finally ,when management personnel are dropped from the sample,
Table 20, prediction of both criteria improves slightly. The
improvement is greater for the total neurological score criterion
than for electrodiagnostic score.

Regression analysis is a powerful statistical technique
which maximizes the relationship between a set of predictor vari-
ables and some criterion. In so doing, the technique capitalizes
on "chance" variation in the particular sample at hand to improve
prediction. Since this "chance" variation, i.e., factors that
are peculiar to the particular set of data being analyzed, will
not be present in subsequent samples in the same pattern, there
will always be some shrinkage, or loss of prediction, when the
regression equation developed on one sample is applied to another
sample. To investigate the degree of shrinkage, two options are
open to the researcher. One is to use a standard formula to esti-~
mate the degree of shrinkage that would be expected in subsequent
applications of the regression equation. A second involves a
procedure known as cross validation. For these analyses the
shrinkage formula was used.

The shrinkage formula (McNemar, 1969) provides an estimate
of the degree of shrinkage based on the original RZ, sample sizer
and the number of predictors. The original and shrunken R2's are
presented in Table 21 . Since the ratio of the number of predic-

tors to the sample size is very small, the estimated shrinkage is
quite small.
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In an applied setting, behavioral tests would not be used in
isolation to screen for neurological status. These scores would
be combined with other information to yield the best possible pre-
diction. An obvious additional set of variables to be included
would be exposure indices. In order to determine the extent to
which exposure information increases prediction, an additional
set of regression analyses was conducted.

For this set of regression analyses,the cross validation
approach was taken to empirically test for shrinkage in addition
to use of the shrinkage formula. 1In order to permit cross vali-
dation, the sample was divided into two halves. The basis for
splitting was participant identification numbers. 0dd numbers were
placed in one half (Data Set A) and even numbers in the second
half (Data Set B). Regression equations were completed separately
for the two halves. These results are summarized in Table 22.

It can be seen that prediction for Data Set A is substantially
greater than for Data Set B. One reason for this difference is
that the two halves are not equal in terms of the distributions
of criterion scores. Both for total neurological score and elec-
trodiagnostic score, the variation is less in Data Set B than in
Set A, for example, the variance for total neurological scores 1is
14.31 for A and 7.38 for B. This restriction in range, created
by the chance splitting of the data, probably accounts for the
rather large differences in predictability between the two sets
of data. Nevertheless, at least for Data Set A, it can be seen
that the addition of EXP 1 to the predictor set improves predic-
tion over that obtained without exposure information. The R4 for
predicting total neurological score without exposure was 0.40
(equation 3-5) while with one exposure variable the R2 increased
to (.58 for Data Set A. A similar increase is noted for predicting
electrodiagnostic score, from0.31 (equation 4-5) to0.51, for Data
Set A.

Some evidence of the stability of these equations can be
gained from the results of cross-validation presented in Table 23.
When the equation developed on Data Set B to predict total neuro-
logical score was applied to Data Set A,the multiple correlation
coefficient dropped very slightly (.45 to 0.43). However, when
the equation developed on Data Set A was applied to Data Set B, the
multiple R dropped from0.76 to0.16. Similar results were obtained
in the prediction of the electrodiagnostic score criterion. When
the equation developed on Data Set B was applied to Data Set A,
the multiple R "shrank" from0.63 to 0.50. However, when the equa-
tion developed on A was applied to B,the multiple R dropped from
0.71 to00.23. ‘
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These results are largely explained by the previous state-
ments that Data Sets A and B were not equivalent in terms of the
variation of criterion scores. Thus the shrinkage obtained in
going from A to B is an overestimate of the true shrinkage, and
the estimate obtained in going from B to A is probably something
of an underestimate. Using the shrinkage formula,for example,the
estimate of shrinkage for predicting Total Neurological Score
based on the equation developed for Data Set A would be a drop
from0.76 to0.74, a high degree of stability.

Cross Validation Using Regression Equation from PCE Study. A

major concern with regard to the utility of behavioral tests as
screening devices is the stability of the relationships demonstrated
from situation to situation. In particular,it would be highly
desirable if a single set of tests and a single prediction equation
could be developed to screen for the effects of several different
toxic substances that might lead to similar effects (e.g. peri-
pheral neuropathy). The present study provides the possibility

of examining the feasibility of this approach. In a previous

study under this same contract (Tuttle et al, 1976), a test battery
very similar to the present one was administered to a group of 30
workers, 20 of which were exposed to a dry cleaning solvent, per-
chloroethylene. Using procedures identical to those previously
described, two regression equations were derived for weighing

test scores to predict total neurological score. The criterion,
total neurological score, was derived in the same way as in the
present study, except that different neurologists and a different
electromyographer were involved. In the PCE study, separate regres-
sion equations were derived for tests administered in morning tes-
ting sessions and in afternoon testing sessions. The predictor
variables in each case were based on mean test scores across four or
five testing sessions (both A.M. and P.M.).Thus, they were very reliable
scores, despite the fact that the sample was small (N=30) and
heterogeneous with regard to sex and race.

The regression equations and the results obtained from the
PCE study and the cross-validated results obtained from the present
data are shown in Table 24. The A.M. equation yields a cross-

validated multiple correlation coefficient 0f0.53 when applied to
the CS, data and the P.M. equation leads to a cross-validated mul-

tiple correlation coefficient 0f0.32. Both are highly significant
(p <.01). This finding is strong evidence to support the notion
that a single screening formula can be developed for behavioral
tests and applied across situations even when different chemicals
are involved. The relationships between behavioral tests and
neurological status is highly stable.
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Hanninen-type Analyses

One of the purposes of this study was to determine if the
findings of Hanninen (1971) in Finland could be replicated with
American workers. Hanninen compared test scores for three groups
of workers, those with CS, poisoning, those who were exposed but
had no clinical signs, and those who were unexposed. She found
that psychological tests could successfully differentiate among
the three groups. This finding was significant since it suggested
that behavioral tests could be used to detect impairment at an
earlier stage than traditional clinical screening procedures.

In order to provide further information concerning the
generality of these results, the present study attempted similar
analyses. With the sample of workers obtained in the present study,
it was not possible to duplicate Hanninen's groups. In the present
study, four groups of workers were formed. The groups are described
as follows:

Group 1 - Exposed with Total Neurological Score > 3;

Group 2 - Exposed with Total Neurological Score of 1-3;
Group 3 - Exposed with Total Neurological Score = 0;
Group 4 - Unexposed with Total Neurological Score = 0.

A more complete description of these four groups is presented in
Table 25. The primary difference of significance for the present
analyses is that Group 1 is considerably older as a group than
Groups 2-4.

Analysis of Variance. Analyses of Variance were conducted to
compare mean test scores across the four groups. These analyses
are summarized in Table 26. As shown, there are significant dif-
ferences between the four groups in terms of reaction time (SRT,
CRT, DRT), finger dexterity (SAR, SAL, SAB), visual scanning
speed (Neisser), symbol coding (DSY), Critical Flicker Frequency
(CFFD), and perceptual organization (BD). Analyses of the sample
with management deleted, Table 27, yielded essentially identical
results.

Individual comparisons were made to compare the means of Groups
and 2 individually with the "control" group, Groups 3 and 4 com-
bined. These results are also shown in Table 26. The significant
differences are due to differences between Group 1 and the control
(Groups 3 and 4). There are no significant differences in indivi-
dual comparisons of Group 2 with the average of Groups 3 and 4.

Analysis of Covariance. As pointed out earlier, Group 1 differs
from the other groups in the average age of its members. Since age
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is related to test scores, the question arises as to the extent

to which the obtained differences are simply the result of age
differences. To answer this question,a series of analyses of
covariance were conducted using age as the covariate. This has

the effect of adjusting the group means for the effects of age
(i.e.,equating the 4 groups in terms of average age). The adjusted
means and results of the covariance analyses are presented in

Table 28 . Significant differences (p <.05) between the four groups
remain for five tests (all three reaction time tests, Santa Ana-
Right,and Block Design). Significant differences that were appar-

ently due only to differences in age were found for Santa-Ana Left,
Santa-Ana Both, Neisser, Digit Symbol, and Critical Flicker Fre-
quency. Interestingly, three additional measures that did not
reach statistical significance in the first set of analyses, become
statistically significant when the effects of age are controlled.
These are three of the visual perimetry scores, Left Eye Horizontal
and Vertical, and Right Eye-Vertical. 1In each of these variables,
the visual field is measured in degrees on either the horizontal
Plane or the vertical plane.

Factor Analyses. In order to make comparisons of the ability
structure of participants with and without clinical findings,
factor analyses were conducted. The four previously discussed
groups were used for these analyses. However, due to the sample
sizes in the groups,the four were combined into two. Groups 1
and 2 were combined to form Factor Analysis Group 1. Groups

3 and 4 were combined to form Factor Analysis Group 2. The first
group was comprised of exposed individuals having some positive
clinical finding (TNUscore >0). Group 2 was composed of partici-
pants with no positive clinical findings (TNUscore=0), whether
exposed or unexposed. The factor analysis results are presented
in Tables 29 and 30. The method for extracting factors was
principal components followed by < varimax rotation. Unities were
used in communality estimates.

The solutions for the two groups each explain approximately
equal amounts of variance. The solution for Group 1 contains
two factors compared to the three-factor solution for Group 2.
The two factors for Group 1 seem to reflect a central nervous
system - peripheral nervous system dichotomy. The tests loading
most heavily on Factor 1 are Simple and Choice Reaction Time,
Santa Ana Right and Left, Neisser,and Digit Symbol. All these
involve a considerable degree of peripheral nervous system involve-
ment due to the motor functions involved (e.g.,pressing a button,
turning pegs, rapidly checking letters, rapidly writing symbols,
etc.). The tests loading most heavily on Factor 2 are Critical
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TABLE 29

Rotated Factor Matrix - Group 1

1 2

CRT .91 -.11
SRT .94 -.10
DRT .52 ~-.46
SAR -.85 .29
SAL -.74 .37
SAB ~.65 .43
NEIS .82 -.12
CFFD -.06 .71
DSP -.21 .73
DSY ~.79 .37
BD ~-.62 44
Cum. Percent of

Eigen values: .59 .68

TABLE 30

Rotated Factor Matrix - Group 2

1 2 3
CRT .43 .76 .09
SRT .45 74 .17
DRT -.00 .86 -.03
SAR -.79 -.34 -.19
SAL -.76 -.30 -.26
SAB -.81 -.05 -.07
NEIS .66 .42 -.07
CFFD -.21 -.28 -.67
DSP - 74 -.35 .58
DSY -.66 -.47 27
BD -.74 -.08 .25
Cum. Percent of
Eigen values: .49 .60 .69
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Flicker Frequency (CFFD) and Digit Span (DSP). Both of these tests
involve primarily central nervous system activity rather than motor
activity (e.g. visual performance, memory for digits).

The factor solution for the second group shows somewhat greater
differentiation of abilities than that for the first group. The
tests loading on Factor -1 for Group 1 comprise two factors for
Group 2. The first factor is defined primarily by the Santa Ana
Right, Santa Ana Left, Santa Ana Both, Digit Span, and Block Design
tests. These tests measure finger dexterity (SAR, SAL), coordina-
tion (SAB), perceptual organization (BD), and memory (DSP). The
second factor is a reasonably pure measure of reaction time. Per-
ceptual speed is obviously an important component of this factor ,
since two other highly speeded tests, Neisser and Digit Symbol,
have moderate loadings on this factor. Factor 3 is composed of
the same two tests which comprise Factor 2 in the first group,
Critical Flicker Frequency and Digit Span. However, the two
factors are not identical since the sign of CFFD is negative in
Factor 3.
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DISCUSSION

The effects of carbon disulfide on workers have been well
documented in the literature (Tuttle et al., 1973). One of the
purposes of the present study was to determine if the current
T.L.V. for carbon disulfide is adequate to protect workers from
these hazards. Viscose rayon manufacturing, one of the primary
users of the solvent, was selected as the setting in which the
investigation would be conducted. Direct investigation of this
question was not possible due to the fact that researchers were
not permitted to take air samples in the plant. Thus,it was not
possible to determine if the current loads for various jobs were
at, above, or below the T.L.V. 1In an attempt to answer the
question of the effects of exposure on worker health, it is nec-
essary to consider more indirect evidence that may be relevant.

From the point of view of health problems resulting from
toxic exposure, these are basically of two categories - acute and
chronic. Acute problems are those resulting from a single high
level exposure of short duration, and chronic problems are those
which result from repeated exposure over time. Whenever workers
are involved in a process that requires a toxic substance, there
is the potential for acute overexposure due to machine malfunc-
tions, spillage, etc. During the course of this study and during
the medical examinations, there were a number of anecdotal reports
of symptoms resulting from acute exposures. These included reports
of symptoms ranging from severe headaches sufficient to cause
workers to "bang their heads against concrete walls" for relief,
to instances of workers "passing out," even to "nervous break-
downs" that required hospitalization. Knowledge of such examples
was common for study participants, although the researchers did
not attempt to document the frequency or authenticity of such
reports. However, the similarity of reports from worker to worker
lends support to their authenticity.

Of more central concern to the purposes of the study were
instances of chronic problems. Using the criteria proposed by
Allen et al. (1973), this study found 6 individuals in the union
group (8%) with definite polyneuropathy, 4 individuals (5%) with
probable polyneuropathy, and 5 individuals (6%) who were abnormal
but did not have definite neuropathies. Of the 6 with definite
neuropathy, all had been exposed to some degree, although there
was considerable variation in the duration. There are others who
have had presumably as high or higher levels of exposure who did
not show abnormal neurological results. Thus there is apparently
an interaction between duration of exposure and certain individual

factors that determines whether a worker will show symptoms of
cs% poisoning. This fragmentary evidence supports a similar specu-
lati

on proposed by Hanninen (1971).
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- Present research evidence points to a moderate relationship
between length of exposure, particularly length of exposure on
the spinners and cutters, and nerve conduction speed. As length
of exposure increases, nerve conduction speed decreases. The
Ulnar nerve appears to reflect the effects of exposure to a
. greater degree than the peroneal nerve. Exposure accounts, at
most,for approximately 16% of the variance in electrodiagnostic
scores, and approximately 10% in nerve conduction scores, thus,
obviously there are other factors operating. Among these are
possibly individual differences in the capability to compensate
for exposure effects.

Additional evidence regarding the effects of exposure on
worker health comes from the expressed symptoms of union members
compared to carpenters and management. The groups are approxi-
mately equal in terms of average age, but they differ in terms
of their contact with CS,;. To this extent,differences in expressed
symptoms can be assumed,at least in part, to be due to exposure.
The symptoms that differentiate the two groups closely resemble
past research concerning the subjective reactions to CS, exposure,
(e.g.,visual disturbance, irregular heartbeats, muscle pain and -
numbness, irritability, depression, insomnia, severe headaches,
and unpleasant skin odors). Furthermore, based on participant
responses, there is no support for competing explanations other
than CS; for the symptoms such as differences between the groups
in the use of alcohol, use of drugs, or the existence of other
medical conditions.

After considering this evidence, it seems that the results of
this study concur generally with previous research concerning the
hazards of CS, exposure. However, this study cannot provide an
answer to the question of the adequacy of the current T.L.V.

Even if this study had been permitted to obtain exposure data, a
final answer would still probably not be possible, at least with
regard to the chronic effects of exposure,due to the fact that
(1) current exposure levels do not reflect the level of past
exposure due to variations in production level, process, and
equipment; (2) some individuals wear respirators some of the

time and it is difficult to accurately gauge their effectiveness;
(3) mobility in the work force means that it is rare for an indi-
vidual to remain in a single job, particularly cutterman, for an
extended period of time; and (4) major ventilation changes have
been made in the plant in the past 1-2 years. All these factors
make it exceedingly difficult to characterize precisely the expo-
sure history of an individual, which is a prerequisite to the
determination of the impact of various exposure levels on health
status. Because of these difficulties, the use of weighted expo-
sure indices,such as those used in the present study,seem to be
an appropriate procedure. These indices could have been more
precisely derived if in-plant air monitoring had been permitted.
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This would have led to more accurate weighting based on the rela-
tive time weighted averages for various jobs.

Behavioral Tests as Health Screening Techniques

A second major purpose of this study was to investigate the
feasibility and utility of behavioral tests as "early warning"
indicators of health impairment resulting from occupational expo-
sure to toxic solvents. In order for tests to be useful, they must
have, in psychometric terms, both construct validity and criterion
related validity. Construct validity refers to the extent to
which the tests "behave" as predicted from a theoretical point
of view. Criterion related validity refers to the extent to which
the test can be used to predict some criterion. This can be
referred to as concurrent validity when the criterion data and
test score (predictor data) are obtained at the same point in
time, or predictive validity if the test data is collected at one
point in time and the criterion information at a later point in
time. Analyses were carried out to evaluate both the construct
and criterion related validity of the behavioral test battery.

In order for the test battery to have construct validity, test
scores should vary as a function of exposure. In other words, if
the tests are to be used to detect exposure-related health impair-
ment, then whatever the tests measure should vary as exposure
varies. Previous research demonstrates that CS,; exposure impairs
rather than facilitates certain types of performance. The test
battery was carefully selected to insure that the tests would
measure those functions known to be affected or presumed to be
affected by exposure to the solvent. Thus the prediction based
on our "theory" was that test scores would reveal impaired per-
formance as length of exposure increases. This hypothesis was
supported for seven of the fourteen test variables. The functions
which showed impairment as a function of length of exposure include
reaction time, information processing speed, finger dexterity,
visual scanning, information coding/symbol production, and per-
ceptual organization. These are functions which are crucial to
jobs that involve the operation of machinery, monitoring auto-
mated processes, and hazard detection and correction when the delay
tolerance is short. Obviously not only productivity of employees
but also their safety could be impaired ‘as a result of exposure
which produces such functional impairment.

The establishment of relationships between exposure and
behavioral test scores satisfies one of the criteria necessary
for the utilization of behavioral tests as screening devices. The
second criterion is the demonstration of relationships between test
scores (as predictors) and criteria of health status. The yard-
stick by which our society determines health status is the report
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of a physician. In this study we made use of this criterion,
however, we used a standard procedure for reporting the results
of the medical/neurological evaluation so that all participants
would be evaluated in such a way that comparisons between indivi-
duals would be possible. The neurological and electrodiagnostic
rating procedures made this possible. These ratings provided

the "objective" criterion against which the criterion-related
validity of the behavioral tests was judged.

Investigations of the criterion related validity yielded
positive results both in a concurrent validity situation and even
more importantly in the predictive validity context. Concurrent
validity was demonstrated through the use of multiple regression
techniques to predict criterion ratings (both total neurological
score and electrodiagnostic score). Tests which entered into
the prediction equations were Choice Reaction Time, Simple Reac-
tion Time, Block Design, Santa Ana-Right, and Neisser to predict
Total Neurological Score (R=0.63). In predicting Electrodiagnostic
score,the tests which formed the optimum prediction equation were
Santa Ana-Right, Drop Reaction Time, and Critical Flicker Frequency
(CFFD) with a multiple R=0.51. With the exception of CFFD, all of
these variables had been shown in the previous analyses to possess
construct validity.

Perhaps the most significant result from this entire study,
at least with regard to the development of a health screening
methodology, resulted from the cross-validation of the regression
equations developed in the previous perchloroethylene study. This
demonstration of predictive validity involving a prediction formula
based on a group of workers exposed to one solvent, applied to
workers exposed to a different solvent,is most encouraging. This
result suggests that it may be possible to develop a "universal"
prediction equation that would be applicable to workers exposed
to all neurotoxins, or at least to the subset of neurotoxins
whose earliest effects are on the peripheral functions. The advan-
tages of such an approach are immense. It may not be necessary
-to conduct separate research projects for each toxic agent in this
category. Once it could be determined that the substance belonged
to the particular "cluster" of substances, the universal screening
formula could then be used. More research would be necessary in
order to test the feasibility of this approach and to develop a
sufficient data base to develop such a universal equation. How-
ever, the results of this study argue strongly for this research
strategy. It may well be that other clusters of toxic substances
could be identified for which a single screening approach can be
developed.
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Accuracy of Worker Diagnosis Using the Prediction System

One question that has not been addressed sufficiently is
the practical significance of these analyses. How accurately can
we categorize an individual participant as "healthy" or as
"abnormal" using the prediction methods? This gquestion will be
answered in two ways. One way of depicting the accuracy of
the prediction methods is to construct expectancy charts.
Expectancy charts for three criteria of interest are shown in
Figures 11 through 13. Figure 11 presents the expectancy chart
for Total Neurological Score; the overall index that combines
Symptoms, Neurological Score,and Electrodiagnostic Scores. This
figure shows the chances in 100 of being diagnosed as abnormal
i.e., Total Neurological Score greater than 3) for various
predicted score ranges. For example, by "plugging" into the
regression equation values for an individual on the following
variables, Simple Reaction Time, Choice Reaction Time, Santa
Ana-Right, Block Design, EXP 1, and EXP_3, a predicted score
would be generated. By referring this predicted score to
Figure 11 it would be possible to estimate the likelihood that
this individual would have a Total Neurological Score of 4 or
greater, if he was given a neurological examination. The value
of this procedure is that from test score information and informa-
tion concerning exposure that can be gained from an interview,
it is possible to predict health status. Company policy could
then dictate the point at which the individual would be referred
for a thorough neurological examination. However,this relatively
inexpensive screening method could be used in lieu of expensive
neurological examinations for the total exposed work force.
Only those whose probability of abnormality is relatively high,
e.g.,33% or even 50% would need to be referred for the thorough
medical examination.

Similar expectancy charts are presented for Electrodiagnostic
score and Neurological score (Figures 12 and 13). The regression
equations by which these predictions were made are presented in
Appendix I.

An alternative way of using the regression equations to
predict neurological status involves creating a new dichotomous
criterion variable called NHealth. This new variable has a
value of 1 if the individual is "abnormal" and 0 if the individual
is "normal." ©Normal and abnormal are defined in terms of ranges
on the total neurological score variable. For example, one set
of analyses was conducted to predict NHealth when abnormal was
defined as a total neurological score of 6 or greater. The
NHealth score for an individual was 1 if the total neurological
score was 6 or greater and 0 otherwise. Regression analysis used
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Chances in 100 of Receiving a Total
Neurological Score of 4 or Greater

Predicted
Score Range £ 0 10 20 30 40 50 60 70 80 90 100
4.75 or > 8 . S S 2
3.75-4.74 15 ki
2.75-3.74 9 NN 33
1.75-2.74 19 B 162
0.75-1.74 23 Bm °:
-0,24-0.74 17 0%
-0.25 or < 16 0%

Figure 11 Expectancy Chart for Total Neurological Score
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Chances in 100 of Receiving a
Neurological Score of 4 or Greater

Predicted
Score Range £ 0 10 20 30 40 50 60 70 80 90 100

1.75 or > 8 ] 50%

1.25-1.74 25 EEEEE 123

0.75-1.24 16 El 63

0.25-0.74 31 B 3%
-0.24~0.24 26 B 33
1.25 or < 7 0%

Figurel2 Expectancy Chart for Neurological Score

Chances in 100 of Receiving an Electrodiagnostic
Score of 4 or Greater

Predicted

Score Range _f 0 10 20 30 40 50 60 70 80 90 100
2.75 or > 15 I 532

1.75-2.74 19 I 263

0.75-1.74 24 0%

0.25-0.74 21 0%
-0.24-0.24 23 02

-0.25 or < 22 0%

Figure 13 Expectancy Chart for Electrodiagnostic Score
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in this way gives results that are analagous to a discriminant
analysis of the type reported by Hanninen (1971). Table 31 presents
the results of this analysis, using a cutoff on the predicted
score of 0.40.
Table 31
Comparison of Neurological Status Determinations

Based on Predicted Vs. Actual Scores

(Abnormal = Total Neurological Score Greater Than 5)

Predicted
Normal Abnormal
Normal 114 0
Observed
Abnormal 4 8

Main diagonal entries represent correct predictions, and off-
diagonal entries are errors. This analysis indicates that for
detecting individuals with probable or definite polyneuropathies,
the accuracy of prediction is 96%. Unfortunately, the four par-
ticipants not correctly categorized are abnormals who were cate-
gorized as normals. The regression equation used to make these
predictions is presented in Appendix J.

From the point of view of early detection,it is desirable
to detect individuals as abnormal prior to the time they have
probable or definite neuropathy. In order to investigate the
accuracy of prediction at this earlier stage the criterion for
abnormality was lowered from 6 or greater to 4 or greater. A
regression analysis was conducted to predict NHealth with this
lower cutoff score (i.e., NHealth = 1 if total neurological score
equals 4 or greater,and NHealth = 0 otherwise). The results
are shown in Table 32 . Accurate predictions were made for 113
out of 129 participants for an accuracy of 87.5%.
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Table 32
Comparison of Neurological Status Determinations
Based on Predicted Vs. Actual Scores

(Abnormal = Total Neurclogical Score Greater Than 3)

Predicted
Normal Abnormal
Normal 98 9
Observed
Abnormal 7 15

The 16 errors were approximately evenly split between false posi-
tives and false negatives. Seven abnormals were categorized as
normals based on predicted scores, and nine normals were predicted
to be abnormal. The equation used to make these predictions is
also shown in Appendix J.

These results support the findings of Hanninen that behavioral
tests, especially when augmented by information concerning Age
and exposure, can, with reasonable accuracy, be used to differ-
entiate among exposed workers who show signs of CS, poisoning.
This finding argues strongly for the inclusion of behavioral tests
in regular,in-plant health screening programs. The methods are
reliable, valid, relatively easy to administer,and relatively
inexpensive when compared to the alternative of complete medical
examinations for all exposed employees.

Comparison with Hanninen Results

The worker sample in the present study was less seriously
afflicted than the sample in the Hanninen study (1971). Therefore,
it was not possible to replicate Hanninen's groups exactly. None
of the workers in the present study had been diagnosed prior to
the study as "poisoned." However, it seems likely that some of
the participants belong in this category. Others, who have Total
Neurological Scores less than 9 but greater than 3, probably more
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closely resemble Hanninen's Group 2 - Latent Poisoning. Thus,
Group 1 in the present study is probably a combination of Hanni-
nen's Groups 1 (Poisoned) and 2 (Exposed). A comparison of the
relationship between Hanninen's groups and groups in the present
study is depicted in Figure 14.

Hanninen Study Groups Present Study Groups
Poisoned 1 Exposed, TNS >3
Exposed 2 Exposed, TNS =1, 2,or 3

Control

Exposed, TNS = 0

\\\\\\\\\\N\‘\\~ 4 Not Exposed, TNS = 0

Figure 14. Comparison of Hanninen Groups with
: Groups in the Present Study

- Hanninen found that both the poisoned and exposed groups could

be discriminated with psychological tests. In order for the
present study to replicate this result,it would require the estab-
lishment of differences between Groups 1 and Groups 3 and 4 com-
bined. If differences could be demonstrated between Group 2
and Groups 3 and 4 combined, this would go beyond the Hanninen
results in terms of sensitivity,since some of the members of
Group 2 would presumably have been in Hanninen's control group.

The obtained results in the present study show that Group 1
can be differentiated from 3 and 4 with selected test variables.
However, Group 2 cannot be successfully discriminated from 3 and
4. Thus,a reasonable conclusion is that the present results sub-
stantiate,but do not go beyond,Hanninen's findings.

Since some of the same tests were included in the present
battery,as were included in the Hanninen test battery, it is
interesting to compare results for these tests.l 1In the Hanni-
nen study,significant differences were obtained between the

lrhe apparatus for the Santa Ana test used in the present
study was built by the same craftsman in Finland who built
the apparatus used by Hanninen.
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"Poisoned" and "Control" groups on Digit Symbol, Santa Ana-
Right, Santa Ana-Left. For the Exposed vs. Control compariscns,
significant results were obtained for these same tests plus
Digit Span, Block Design, and the Santa Ana-Both measures.

In the present study with y, s, viscose rayon workers,
significant differences between Group 1 and Groups 3 and 4

were obtained for all these same tests except for Digit Span.
However, when the present data was analyzed with age held con-
stant, only Santa Ana-Right and Block Design of the Hanninen
tests discriminated between the groups.

Another finding in the Hanninen study,which was substantiated
in the present study,was her observation that there are qualita-
tive as well as quantitative differences between exposed/poisoned
groups and control groups. The factor analysis data in the
present study demonstrated different factor structures for indi-
viduals with clinical signs and those without clinical signs. It
appears that exposure not only depresses certain functions, but
changes the nature of the abilities themselves.

Auxiliary Issues

In addition to the primary purposes for which this study
was conducted,there are some other topics which the results have
addressed either directly or indirectly. The evidence from this
study,pertaining to these topics,is discussed briefly below.

Utility of the Iodine Azide Test as a Screening Technique. The
iodine azide test is currently the best available biological
screening method for estimating previous CS; exposure levels.
However, Djuric points out two limitations to its use. First.
the test is not sensitive to exposure levels below the current
T.L.V. of 20 ppm. Secondly, the test is indeterminate when
urine samples are too dilute (i.e.,creatinine value less than
1.25 mg /m 1 ). Both are serious weaknesses for research use of
the procedure under conditions similar to those in the present
study. The most severe limitation for the present use was the
second one. Approximately 42% (81l out of 193) of the tests
conducted in the present study were indeterminate,due to low
creatinine levels. Creatinine levels are low when the interval
between urinations is relatively short. Since this data col-~
lection was not conducted in the plant, it was not possible to
obtain samples immediately following the work shift. In most
cases workers voided just prior to leaving the plant for the
testing session. Workers tested prior to work would ordinarily
void prior to leaving home for testing. Thus,in both cases,
diluted samples would be obtained during the testing session.
The difficulty of communication with participants prior to testing
made it impractical to notify them of this problem. Any future
research using this procedure should anticipate this problem.
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Comparison of the C.V.S.F. and Standard Methods for Nerve Conduc -
tion Studies. The conduction velocity of the slow fibers (C.V.S.F.)
is a technique proposed by Seppalainen and Hernberg (1972) as a
subclinical screening technique that is more sensitive than the
traditional nerve conduction methods for detecting damage resulting
from toxic exposure. Both the C.V.S.F. and traditional methods
were used in the present study. Overall, the two procedures yielded
similar results. The C.V.S.F. score correlated 0.51 with the ulnar
maximal conduction velocity,indicating that the two variables are
similar but not identical. Both scores correlate with exposure
indices to the same degree. The C.V.S.F. measure had a slightly
higher relationship with age (-.38 vs. -.30 for ulnar MCV) indi-
cating that age differences may confound C.V.S.F¥. scores to a some:-
what ygreater degree. There seems to be little basis from this
study to recommend the additional time and expense to conduct the
C.V.S.F. Perhaps the reason that Seppalainen found the test to

be more sensitive with lead workers is due to differences in the
way the two substances,lead and CS;,affect the peripheral nervous
system. For CS; exposed workers,the C.V.S.F. did not add appre-
ciably to the effectiveness of the electrodiagnostic screening.

One other point worth mentioning regarding the C.V.S.F.
is the subjective reaction of participants. Although no syste-
matic evaluation of worker reaction was done, a number of workers
stated a dislike for the electrical stimulation. The C.V.S.F.
procedure requires repeated "shocks" to the patient's arm and is
therefore more offensive than the more traditional conduction
velocity techniques. Since the C.V.S.F. procedure seemed to add
little information of value in the present study, it does not seem
advisable to subject participants to the additional discomfort.

Neurological Rating Procedure. This study provided an opportunity
to assess, to some degree, potential biases in the neurological
rating procedure. A total of four neurclogists participated in
the clinical examinations, however, three of the four examined

the majority of patients. Although there was no attempt to ran-
domly assign patients to physicians, there was no systematic pro-
cedure for assigning patients. Approximately 15-20 patients were
seen each night that examinations were given and patients were
assigned to the physicians on a "first-come" basis. Thus it
seemed reasonable to assume that the group of patients assigned to
physicians did not differ significantly in terms of age, exposure
history, or health status. This assumption was supported by
analyses which indicated no differences between the groups in

age, years of exposure,or electrodiagnostic scores.

Analyses were then conducted to investigate differences in
neurological ratings and symptoms ratings. Because the distribu-
tion of rating scores is positively skewed (many zeros and fewer
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non-zero ratings), analyses were performed using both raw scores
and scores transformed using both arcsin and square root trans-
formations. Significant differences, p <0.05, were obtained for
all three analyses (raw scores and both transformed scores) for
the symptoms score. Significant differences (p <.05) were found
in the neurological score ratings for the scores transformed by
the square root transformation,but not for raw scores or trans-
formed scores using the arcsin transformation. Thus,it appears
that the three neurologists clearly used different rating criteria
for assigning symptoms scores and probably even in the neurologi-
cal examination itself. However, since the neurological exam-
ination rating criteria are more clearly specified and probably
more objectively verifiable, the differences in ratings did

not appear to be as great as in the symptoms rating.

The importance of this result is that it suggests that
subsequent studies employing the Allen et al. rating procedure
in a situation where a team of physicians is conducting examina-
tions, might do well to conduct a brief training program in the
use of the rating procedure. This would allow neurologists
?he chgncg to discuss among themselves the criteria to be used
in assigning ratings. This should be done for the symptoms
ratings in particular, as well as neurological score ratings,
and even the electrodiagnostic procedures if more than one
electromyographer is involved.

Disappearance of Symptoms When Exposure is Terminated. One

final issue of importance for which some very tentative comments
can be made is the issue of whether or not signs and symptoms
improve or disappear when exposure is terminated. Any satis-
factory answer to this question would require a longitudinal study
design that would examine patients during periods of exposure
and at designated time intervals thereafter. However, some
information on this topic can be obtained from analyses which
made use of a variable which reflected the "number of years
individuals had been away from cutting and spinning." The gen-
eral pattern of work  progression finds workers leaving spinning
and cutting and moving to areas of lessened exposure. Therefore,
if neurological status improved with length of time away from
exposure ,one would expect to find a negative relationship between
neurological variables and years away from cutting and spinning.
Correlations between the four neurological status rating vari-
ables and years away from cutting and spinning are .12 (neuro-
logical score),-0.08 (symptoms),0.04 (electrodiagnostic score),
and 0.06 (total neurological score), all non-significantly d4dif-
ferent from zero. Analyses of variance show significant dif-
ferences between groups formed on the basis of years away from
cutting and spinning for electrodiagnostic score and total
neurological score. However, the differences are in the
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opposite direction than would be predicted. The longer people
have been away,the higher the score. This finding might be
explained by a combination of factors, e.g., contaminating
effects of age, the fact that those who have been_awav longest were
exposed a number of years ago when exposure levels may have been
higher, etc. In any event there is no evidence to suggest that
symptoms or neurological signs disappear when exposure is de-
creased or terminated. However, the present data should only

be viewed as a very tentative answer to this question and it
certainly does not rule out the possibility that there is im-
provement when exposure is decreased or stopped altogether.

More research will be required to adequately answer this ques-
tion.
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CONCLUSIONS AND RECOMMENDATIONS

Significant statistical relationships exist between chronic
CS, exposure and indices of neurological health. The
stfongest relationships, independent of age,were demonstrated
between exposure indices and electrodiagnostic variables.

Recommendation 1. Electrodiagnostic methods can be used
to screen CS; exposed workers for nerve damage.

Significant statistical relationships exist between chronic
CS2 exposure and behavioral tests which measure simple
reaction time, choice reaction time, visual scanning,

finger dexterity, symbol coding, and perceptual organization.

Significant statistical relationships exist between behavi-
oral test scores and indices of neurological health. Behav-
ioral tests coupled with other information,such as age and
length of exposure,predict neurological status with con-
siderable accuracy (multiple R = .64).

Recommendation 2. Behavioral tests should be used as a

part of regular,in-plant monitoring of the health status
of CS, exposed workers to help identify those who should
receive more extensive medical examinations.

The pattern of results in the present study lend support

to the conclusions drawn by Hanninen regarding the value of
behavioral tests for differentiating among exposed workers
with and without clinical signs.

Thg use of the iodine azide test in studies such as this,
which do not have direct access to workers in the plant,
has limited usefulness.

The C.V.S.F. procedures (conduction velocity of the slower
nerve fibers in the ulnar nerve) did not increase the sen-
sitivity of the electrodiagnostic methods in this study.

Recommendation 3. Additional research with workers exposed
to other neurotoxins should be conducted to adequately
evaluate the usefulness of these C.V.S.F. procedures.
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Rating biases may influence the usefulness of the neuro-
logical rating scores when more than one physician is
involved.

Recommendation 4. Whenever more than one physician will

be involved in conducting examinations and using the rating
procedure to summarize results, a brief training session
should be conducted to make sure that the physicians
involved use the same criteria for evaluating patients

and making ratings. This is particularly important for the
Symptoms rating.
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Feeling Tone Checklist

87



FEELING TONE CHECKLIST

OMB No. 68-575062
Approval Expires 7/31/76

INSTRUCTIONS: Below are listed ten statements that might
be used by a person to describe how he feels.
Read each of the statements and indicate in
the space provided whether you feel Better Than,
the Same As, or Worse Than the statement.
EXAMPLE: As an example, assume that at the present time
you feei a little tired. TYou might answer the
items below as follows:
Better Same Worse
Than As Than
A) extremely fresh ( ) ( ) ( X))
B) slightly tired ( ) (X ) ( )
C) completely exhausted ( X)) ( ) ( )

Now, in the space provided below, indicate whether at this
moment you feel Better Than, the Same As, or Worse Than each

of the statements, by putting an "X" in the proper column.

Better Same Worse
No. Statement Than As Than
1. very lively ( ) ( ) ( )
2. extremely tired ( ) () ( )
3. quite fresh ( ) () ( )
4. slightly pooped ( ) () ( )
5. extremely peppy ( ) ( ) ( )
6. somewhat fresh ( ) () ( )
7. petered out ( ) () ( )
8. very refreshed ( ) ( ) ( )
9. fairly well pooped ( ) () ( )
0. ready to drop ( ) () ( )
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Category I - Currently Exposed

Insofar as possible participants should be selected who
are currently being exposed to carbon disulfide. Thus, in order
of priority, jobs are as follows:

(1) Cuttermen

(2) Spinnermen

(3) Other jobs which require individuals to work in the
cutterhouse or spinning area for a considerable
period of time everyday (e.g., filtermen, pump
testers, patrolmen, etc.)

Category II - Recently Exposed (1-6 months)

Next in order of priority are individuals who have worked
recently (past 1-6 months) in the above jobs where they were
regularly exposed to carbon disulfide, but are not currently
exposed due to retirement, transfer, etc.

Category III - Recently Exposed (7-24 months)

Next in order of priority are individuals who have worked
regularly in the above jobs within the past 7-12 months, but
who are not currently exposed due to retirement, transfer, etc.

Category IV

Individuals who are not currently exposed and who have
never been exposed. These individuals should be as similar
to the exposed group as possible in terms of age spread, level
of education, sex, etc.

The target number of participants is approximately 150
exposed and 45 unexposed. The exact number will be determined
at a later date. Ideally all exposed will be drawn from the
Category I - Currently Exposed Group. However, it is recognized
that some will have to be selected from the Category II or
Category III groups. Hopefully, no more than 20-25 will have
to be drawn from Categories II or III.

All 45 unexposed will come from Category IV.
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II.

OMB No. 68-575062

Approval Expires 7/31/76

NIOSH PARTICIPANT DOCUMENT - (CSp Study)

Project Title and Number: "Behavioral and Neurological
Evaluation of Workers Exposed to Industrial Solvents:
Carbon Disulfide and Perchloroethylene"; Contract
Number HSM 99-73-35.

Project Sponsor and Director: National Institute for
Occupational Safety & Health; Craig B. Grether, Ph.D.,
Thomas C. Tuttle, Ph.D.

Project Purpose: To study the behavioral effects on
workers exposed to carbon disulfide and perchloroethylene.

Consent

I, , hereby
voluntarily agree to cooperate in the above-named
study and to undergo the tests listed in this Part II.
The study has been discussed with me; I have been
furnished a copy of this form; and I understand the
following:

1. The following conditions apply to each participant
in the Cs, Study:

a. A Medical History Questionnaire will be completed
and returned to Westinghouse Behavioral/Safety
Center prior to testing.

b. A medical examination, including a neurological
component, will be given by a qualified physician
at no cost to the participant.

c. Examinations of muscle and nerve activity of
the forearm and lower leg will be performed
at the Charleston Area Medical Center by quali-
fied medical personnel. One element of this
exam, electromyography (EMG)r is to be performed
on two muscles; the extensor digitorum communis
(forearm) and the tibialis anterior (lower leg).
Maximal conduction velocity (MCV) will be per-
formed on the ulnar (forearm) and peroneal (leg)
nerves, and conduction velocity of slower fibers
(CVSF) will ke done on the ulnar nerve. Slight
discomfort, similar to a pin prick, may be experi-
enced during these procedures. These will be
performed at no cost to the participant.
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d. A behavioral test battery, approximately 70
minutes in length, will be given. It will
consist of the following tests: Santa Ana

dexterity; reaction time; Wechsler block design,

digit span, digit symbol; feeling tone check-
list; Neisser letter search; and critical
flicker fusion.

e. At specified intervals, each participant will
be asked to provide urine samples.

f. Blood samples will be taken by a pin prick
of the finger.

Attendant discomforts and risks,except as noted
above,are minimal and provision has been made for
any necessary medical support to cover unforeseen
conditions.

Benefits are as indicated in the project description

in Item 1.

If alternative procedures are available, the pro-
cedure most advantageous for me will be indicated
and used or an explanation given to me as to the
use of any other procedure.

My inquiries concerning any procedures used with
me will be answered by Dr. Thomas C. Tuttle, or
Mr. David Wood (301) 730—8429.

I am free to discontinue participation in the
project at any time.

Confidentiality of information will be maintained
as stated in Part III, which I have read and
understand.

If my medical records are required, a separate
written consent for release of the records is
required. (See attached medical release form.)

My participation in this study will not affect

my employment except as required by law for pro-
tection of health and safety.
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10.

ITI.

There will be a questionnaire for me to answer,
and, although I will not be given a copy of the
qguestionnaire to keep, my inquiries concerning
the questionnaire will be answered by Dr. Thomas
C. Tuttle (301) 730-8429.

Signature Date

Signature Date
(Parent or Guardian)

ASSURANCE OF CONFIDENTIALITY:

Your identity and your relationship to any infor-
mation (1) disclosed by you in completing any project
questionnaire and (2) reported by you or derived from
you during your participation in the above named project
shall be kept confidential in accordance with Public
Health Service regulations (42 Code of Federal Regu-
lations Part 1) and Department of Health, Education, and
Welfare regulations (45 CFR, Part 5), and will not be
disclosed without your written consent except as
required by law and except that such information will
be used for statistical and research purposes in such
a manner that no individual can be identified.

Iv.

REQUEST AND AUTHORIZATION FOR RELEASE OF INFORMATION

I, r hereby request
and authorize the Project Director to inform the following
physicians whose names and addresses I have entered below
of any significant findings from the above named study
concerning me. (Do not leave blank. Write "No" in
any block for which no name and address is to be given.)

(1) My personal physician:
Dr. '
Street:
City:

(2) Company Physician:
Dr.
Street:
City:

(3) Other physician:
Dr.
Street:
City:

Signature Date
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OMB No. 68-575-62
Approval Expires 7/31/76

U. S. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE
PUBLIC HEALTH SERVICE
CENTER FOR DISEASE CONTROL
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

REQUEST FOR AUTHORIZATION FOR RELEASE OF INFORMATION

I, ., hereby request and

authorize

{Name and Address)

to release to the National Institute for Occupational Safety
& Health such of my safety or medical records as are requested
by the National Institute for Occupational Safety & Health.

Signature Date

Address
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Questionnaires Used in Data Collection
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OMB No. 68-57/5002
Approval Expires 7/31/76

WORK/MEDICAL HISTORY QUESTIONNAIRE

Instructions:

The purpose of this Work/Medical History Survey is to
obtain information that will supplement the medical examination
as well as to assist us in the evaluation of your scores on
the test battery to be administered at a later date.

This survey deals with a number of categories including:;

I Personal Data

IT Work History

IIT Beverage History
IV Medical History
V Symptoms

Items such as those regarding smoking and beverage history
are especially important because we are studying relationships
between these activities and exposure to industrial solvents.
The information you provide in this regard and all other infor-
mation which we receive will be kept strictly confidential.

To accomplish the purposes of this research project, it is
important that each person complete the entire survey. We will
appreciate your efforts in providing all of the necessary infor-
mation.

Please print all your answers in the spaces provided and
follow the instructions printed on the survey form. If you
have any questions, call the Westinghouse Behavioral/Safety
Center, Columbia, Maryland, collect for David Wood or Tom
Tuttle -- 9:00 a.m. to 5:30 p.m. at: (301) 730-8429.

ASSURANCE QOF CONFIDENTIALITY:

Your identity and your relationship to any information
(1) disclosed by you in completing any project questionnaire
and (2) reported by yvou or derived from you during your par-
ticipation in the above named project shall be kept confi-
dential in accordance with Public Health Service regqulations
(42 Code of Federal Regulations Part 1) and Department of
Health, Education,and Welfare regulations (45 CFR, Part 5),
and will not be disclosed without your written consent except
as required by law and except that such information will be
used for statistical and research purposes in such a manner
that no individual can be identified.
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(1:1-9)

I. PERSONAL DATA

Name: Social Security #
Address: Date of Birth
Height: ft. in. Weight: Sex: M F
1 0 (10)
Circle highest grade completed:
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (11-12)
Pre-high school High School College

II. WORK HISTORY

1. Job title:
2. List the specific processes in which you are involved.

3. When did you start work in this job? (13-16)
(Month) (Year)
4. What shift do you presently work? (17)
1st shift 1
2nd shift 2
3rd shift 3
Not working 4
5. Are you involved in shift rotation? Yes No (18)

If "No", skip to Item 7.

6. If "Yes", does your shift rotate: (19)
weekly
every two weeks
monthly
quarterly
other

W -

7. How many hours do you work per week (average)? (20-21)
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8. List previous jobs starting with the most recent. (Do not
include present job.) :

Number of Job Title or
years worked Name of Plant description
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9. Do you expect to be working for the same company five

years fromnow? Yes _ = No __ (22)
1 0

10. Do you expect to be doing the same type of work five years

from now?  Yes No (23)

1 0

11. Have you ever worn a respirator on the job? (24)

No 0

Yes, for 1-6 months 1

Yes, for 6-months-1 year 2

Yes, for 1-2 years 3

Yes, for 3-4 years 4

Yes, for over 4 years 5
1l2. Do you wear a respirator now on your job? (25)

No 0

Only when performing certain duties 1

Most of the time 2

Always 3

Have you ever had a job which exposed you to any of the

following?

If yes,
Don't for how
No know Yes many years?
0 1

13. Petroleum solvent (Stoddard Solvent) (26,27-28)
14. Carbon tet (carbon tetrachloride (29,30-31)
15. Perc (PCE, perchloroethylene) (32,33-34)
16. Carbon Disulfide (CSZ) (35,36=-37)
17. Trichloroethylene (38,39-40)
18. Mercury Vapor (41,42-43)
19. "Hydrogen Sulfide ‘ (44,45-46)

20. Other chemical substances (specify)




21.

ITITI. Beverage History

Do you now or have you ever drunk alcoholic beverages?
Yes 1 No 0 (47)
(If "No" skip to Part IV, Medical History

22.

23.

24,

25.

26.

27.

On the average, how many beers do you drink per day? (48)

1 None

2 less than 1

3 1-2

4 3-5

5 6 Or more

On the average, how many glasses of wine do you drink

per day? (49)
1 None

2 less than 1

3 1-2

4 3-5

5 6 Oor more

On the average, how many cocktails or drinks of liquor

do you have per day? (50)
1 None

2 less than 1

3 1-2

4 3-5

5 6 or more

At what age did you start drinking alcoholic beverages?
Age (51-52)
On the average, how frequently do you drink alcoholic
beverages just before going to work? (53)
1 Never

2 Less than 1 time per week

3 1l or 2 times per week

4 3 times per week

5 4 or 5 times per week

On the average, how frequently do you drink alcoholic
beverages during the workday (including breaks, lunch,

etc.)? (54)
1 Never

2 Less than 1 time per week

3 1l or 2 times per week

4 3 times per week

5 4 or 5 times per week
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28.

29‘

30.

31.

How frequently do you drink alcoholic beverages immediately

after work? (55)
1 Never ,

2 Less than 1 time per week

3 1l or 2 times per week

4 3 times per week

5 4 or 5 times per week

How has your drinking pattern changed over the past years?
Increased considerably (56)
Increased slightly

Remained the same

Decreased slightly

Decreased considerably

Ul W

How much of your drinking is done in the company of other

people? (57)
4 All

3 Most

2 Little

1 Hardly any or none

Have you ever been hospitalized or treated for an alcohol-
related illness? (58)
Yes No

1 0
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IvVv. MEDICAL HISTORY

Check the appropriate column "No" or "Yes" regarding whether
or not you have ever experienced the following symptoms.

No  Yes
0 1

32. Being knocked UnCONSCiOUS.. ..t eeveeeesscscassss (59)
33. Eye or vision trouble ........ teseeressecannea (60)
34. Attacks of temporary vision loss ..... ceaaeee (61)
35. Blurred vision ........... cececteeeen Ceeeeaen (62)
36. Pain in your €YEeS c..eveescosacns ceeceaan e (63)
37. Difficulty in hearing ..eceeecsecesan ceesaneas (64)
38. Any constant draining or discharge

from either ear, other than waX ...ceveeeeeann. (65)
39. Ringing and buzzing in yOUY €aArS ..eeeeecessas (66)
40. Pain in YOUY €ATYS .uveeeccosonsasoesassansanns (67)
41, Pain in CheSt .iveeiieetenecenssacasacacnnonns (68)
42. Have you ever noticed your heart beating

abnormally or irregularly?..ceeeeeeeeeececcenns (69)
43. Shortness of breath with only minor exertion . (70)
44, Waking up at night short of breath ........... (71)
45. A desire to increase the number of pillows

YOU S1EEPD ON ¢ tvevsnesccncsosncsanca Cecesreenes (72)
46. Swelling Of YOUY 1@gS ceeeeereecosnsseeceacecnes (2:1)
47. Frequent leg cramps or pain after walking .... (2)
48. Hands or feet turning blue ...iciieeeeececocens (3)
49. Repeated pain, pressure,or tightness of

VYOUY ChESE tevteeeseeesrscesosocsccoossannsooasees (4)
50. A need to avoid certain foodsS .....ecceeen.. .o (5)
51. Frequent bloating or swelling ...c.eeeeeeeeens (6)
52. Taking milk or antacid for stomach aches ..... (7)
53. Any pain or discomfort in your stomach in

recent months ........... ctteccsesncscasnans .o (8)
54. Frequent diarrhea or constipation.......... PN (9)
55. A need to take laxatives frequtly ..cecececens (10)
56. Any change in color or form in your stools

in the past six months ....eeceeen ceeteecannan (11)
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No Yes
0 1

57. Being bothered by gassy stomach ............. (12)
58. Pain or a burning sensation when you urinate. (13)
59. Urination four or more times a day ....eee... (14)
60. Urination three or less times a day ..¢eveees (15)
61. Smoky, cloudy, or bloody urine ......... ceeee (16)
62. Passing a kidney stone ....... cectesesaaans - (17)
63. Painful swelling or any other problems w1th

the testicles or penis (male sex organs)

-- male respondents ONly == ...eecceecnncooces (18)
64. Increased sensitivity to heat ...ceciveennncen (19)
65. Increased sensitivity to cold ....cciivevencnns (20)
66. Sexual desire less than you think it should

be ........ Ceeteceaeeaens Ceetestseteceaananns (21)
67. Trouble with your muscles like frequent

cramps,; pain,or sSwelling ....ceceeececennnsas (22)
68. Pain in your muscles after only slight

exertion .......... chseeseaasannns ceeesasenns (23)
69. Tremors, twitching, or incoordination of

YOUY MUSClES .vvevnececcseccnasoncas cescacsna (24)
70. Lost sensation, numbness, or tingling feeling. (25)
71. "Shooting" pains in your arms or legs ....... (26)
72. Decreased strength in your arms, forearms

Oor hands ....c... ceeasessasecsanne teesceassana (27)
73. Frequent or constant coughing ... (28)
74. Coughing up blood .....cieeeerteeeennsccnasss (29)
75. Wheezing or whistling sound when you breathe. (30)
76. Trouble sleeping ...eevececesascss cresesanaas (31)
77. Coldness Of body PArtsS ceeeeeeossccssoccenns . (32)

- 78. Numbness of body parts ...... s eeecsareasenoas (33)

79. Changes in walking speed Or gait ....eeeececes (34)
80. Fatigue while walking ....... Cececcasseannan . (35)
8l. Loss of appetite ......... tceseccsssassann ceoe (36)
82. Unusually large weight 10SS ..ecveerrsscscces (37)
83. RheumatiSM ...ceceeeeseosessossascnsanses cens (38)
84. Arthritis ......ce0c. teteacess s s et acannanans (39)
85. Have you ever been hospitalized for a

work-related illness Or injury? ....eeceecsss (40)
86. Being depressed easily or having crying

Spells teeececonas cececerseretss e nas ceeasan (41)



0 I

87. Having problems with severe anxiety .......... (42)
88. Getting irritable easily .e.eee... ceccecanan .o (43)
89. Having emotional problems you would like to

discuss with the doctor ........... cecececanns (44)
90. Frequently having unpleasant dreams .......... (45)
91. Unpleasant odor resulting from chemicals

in your present work environment ......ceec... (46)
92. Frequent nausea or vOmMiting ...,cceeeesssne .o (47)

Check the appropriate coluhn "No" or "Yes" regarding whether or not
you have ever been told that you have the following signs.

No Yes
0 1
93. Color blindness ..eeeeessecaes ceenean ceeeseas . (48)
94. Rheumatic fever ..... T eetcetaseectsccesesesaanas (49)
95. Abnormal electrocardiogram (EKG) ....ceeececens (50)
96. A heart MUIMUY ..ceeeeocrsocscsannsacssssasnsas (51)
97. BAn enlarged heart ...eieeeeeescecesasccsssnanes (52)
98. High blood PresSSUre .eeeececsasccscces cevenne .o (53)
89. A heart attack ¢viceeeveencess e e eeseanseenans ‘ (54)
100. A blood clot in your heart .....evevcecencans (55)
101. Are you taking any medication for your heart
Or blood PresSSUre? .eeeeeeecossecesccscss ceceen (56)
102. High level cholesterol or fats cececet s e (57)
103. Ulcers or colitis ..... cesesrases ceeennas ceaas (58)
104. A kidney infection ....... ceeecessecscaneenens (59)
105. Diabetes .......... R ceesesctsetnaven (60)
106. Asthma .......... cees s ennnnns tecesaes e (61)
107. BronchitisS .eeeeeccneess ceensessaeane creaseane (62)
108. Pneumonia ....... ceeeeresssanccsannan cheeaeeas (63)
109. Emphysema ..... T eeesasecsssacseeeanecnnenas oo (64)
110. Nerve disorders ..... ceaseases sesssaessenne .- (65)
111. On the average, how often do you have headaches
off the job? (66)

a. daily

b. every two days

c. twice a week

d. once a week

e. less often than once a week
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Check the items that describe the type of headache you have
on the job. (Check all that apply.)

112.
113.
114.
115.
116.
117.
118.
119.
120.

121.

122.

123.

I have no headaches 1
Located all over head 1
Located mainly in front of head 1
Located mainly in temples 1
Located mainly in eyes, face,or neck 1
Comes and goes 1
Constant 1
Throbbing 1
Pounding 1
No Yes
0 1

Do you have any impaired or missing legs,
arms, fingers, etCc.? ..ictcierncncnncccnanea

If so, indicate the impaired or missing
body part

(67)
(68)
(69)
(70)
(71)
(72)
(3:1)
(2)
(3)

(4)

Do you require any medical aids (e.g., eye glasses,
pacemaker, artificial kidney, hearing aid, etc.)?
Yes No

1 0
If so, describe

(5)

Do you have any birth related defect or condition?
Yes No If so, describe
1 0

(6)
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V. SYMPTOMS

Indicate whether or not you have experienced any of the following
symptoms. If your response is "Yes", check the column indicating
whether these symptoms occur "during your workshift", or "occur
at home",or "away from the job." Check both "Yes" columns if
appropriate.

0
No Yes
1 1
During Away
Workshift From Job

124, Light-headedness (7) (8)
125. Dizziness (9) (10)
126. Nausea (11) (12)
127. Vomiting (13) (14)
128. Weakness (15) (16)
129. Loss of consciousness (17) (18)
130. Extreme drowsiness (19) (20)
131. Tired feelings (21) (22)
132. Headache (23) (24)
133. Irritability (25) (26)
134. Sleepiness (27) (28)
135. Change of mood (29) (30)
136. Memory impairment (31) (32)
137. Reduced concentration

capacity (33) (34)
138. Depression (35) (36)
139. Aggressiveness (37) (38)
140. Outbursts of violence (39) (40)
141. Conflicts or arguments (41) (42)
142. Fainting (43) (44)
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Did parents, brothers,or sisters suffer from:

1 0 Don't 1 0 Don't

Yes No Know Yes No Know
143. Diabetes 148. Obesity (50)
144, High blood 149. Heart disease
pressure (46) (angina and/or

heart attack) (51)

145. Stroke (47)

150. Circulatory

146. Nerve disorders,
disorders (48) lower limbs (52)
147. Anemia (49) . 151. Liver ailments

(like cirrhosis
of the liver) (53)

152. Arthritis (54)

How frequently have you taken the following drugs in the past 3
months? (This information will be regarded as strictly confidential).
Check the appropriate column.

Frequently ........... cseeens ceeoes cesntesseanaseennas
Moderately  ceveeeccceascoes e eeeeesesennens .o .
Infrequently ..... tececnnssans cesenoes .o . .
Not at all teectaesscecencaeseans . S E
1 2 3 4

153. Dexedrine (55)
154. Benzedrine (or other

amphetamines) (56)
155. Marijuana (57)
156. Sleeping pills

(Sleepeze, Compoz, etc.) (58)
157. LSD (59)
158. "Speed" (60)
159. "Downers" (tuinal,

redbirds, etc.) (61)
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OME No. 68-S75062
Approval Expires 7/31/76

DEPARTMENT OF HEALTH, EDUCATION AND WELFARE
PUBLIC HEALTH SERVICE
National Institute for Occupational Safety and Health
Cincinnati, Ohio 45226

Solvent Behavioral Study

CONDUCTED BY: Westinghouse Behavioral/Safety Center

Columbia, Maryland

SPONSORED BY: National Institute for

Occupational Safety and Health

CONTRACT NO: HSM 99-73-35

PRE-TEST QUESTIONNAIRE

Did you get your normal amount of sleep last night?
Yes No

Do you have any injuries or temporary physical ailments?
Yes No
If yes, specify.

Do you have any worries or personal problems which are
bothering you today? (No further inquiries are to be made

regarding this question.) Yes No
Have you drunk any alcohol in the last 24 hours? Yes No
If yes, do you feel any effects now? Yes No

How many drinks?
Approximately how long ago?

Have you taken any medication in the last 24 hours?
(including aspirin or other non-prescription medicines)
Yes _ No ___

If yes, what kind?

If yes, do you feel any effects now? Yes __ No
What amount did you take?

Approximately how long ago?

Do you use eyeglasses, a hearing aid, or other such devices?
Yes (specify) No
If yes, do you have them/it with you today?
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OME No. 68-S75062
Approval Expires 7/31/76
DEPARTMENT OF HEALTH, EDUCATION AND WELFARE
PUBLIC HEALTH SERVICE
National Institute for Occupational Safety and Health
Cincinnati, Ohio 45226

Solvent Behavioral Study

CONDUCTED BY: Westinghouse Behavioral/Safety Center
Columbia, Maryland

SPONSORED BY: National Institute for
Occupational Safety and Health

CONTRACT NO: HSM 99-73-35

POST-TEST QUESTIONNAIRE

1. Here is a ladder. Imagine that the top represents the
hardest you could try and the bottom represents not trying
at ‘all. Where on the ladder would you be with regard to
how hard you tried on these tests?

10 - Tried as hard as you could.
9 -

8_

7...

6 -

5 -

4_

3_

2 - ‘

1 - Didn't try at all.

2. Do you have any further reactions to the testing procedure?
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Appendix E

Protocols Used in the Neurological and

Electrodiagnostic Examinations
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Protocol for the Neurological Examination

1. Review and follow-up of Medical History Questionnaire.
2. Check for physical deformities.

3. Cardiovascular examination including:

a. Peripheral circulation (pulse beat)

b. Blood pressure

c. Heart sounds

Percussion and auscultation of lungs.

Weber, Rinne' Tests of auditory functioning.

Otoscopic examination.

Throat examination.

Visual functioning.

a. Visual acuity Using equipment supplied
b. Perimeter measure ‘//// W g g p pp

c. Blind spot mapping estinghouse

0~ OV U o
L

Specific neurological aspects of this medical examination
include: '

9. Opthalmalogic examination.

10. Mental status profile.

11. Other neurological signs, such as:
a. Touch, pain, and temperature sensitivity in the

extremities

b. Deep tendon reflexes
c. Muscle strength in both extensor and flexor groups
d. Pyramidal and extra-pyramidal signs
e. Coordination
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Procedure Used for the Electrodiagnostic Examinations

Equipment
The equipment used was the Teca T-4 Electromyography System
equipped with: (1) MS6 Basic Isolated Nerve Stimulator, (2) NT6

Advanced Isolated Nerve Stimulator, and (3) Direct Recording EMG
(photo sensitive paper).

EMG Examination

The EMG examination was performed on a common wrist extensor
and the anterior tibial muscle of the dominant side using a
monopolar needle electrode. After evaluation of the insertional
activity and the presence or absence of abnormal forms, the patient
was asked to gradually contract the test muscle against manual
resistance,noting abnormalities of the first recruited motor unit
action potentials and the developing interference pattern. A
record was made on maximum volition at various gains. (500 mu/cm,
1000 mc/cm, 2000 mu/cm.)

Nerve Conduction Studies

MCV, motor conduction velocity, was performed on the ulnar and
peroneal (lateral popliteal) on the dominant side using surface
electrodes.

Peroneal. The active electrode (different) was placed over
the maximum muscle mass of the extensor digitorum brevis, the
reference electrode (indifferent) 1 c.m. proximal to the base of
the little toe dorsal aspect and the ground electrode o6ver the
mid dorsum of the foot. The nerve was stimulated at or 1 c.m.
above the ankle and just above the medial to the fibula head with
supramaximal rectangular pulse stimuli of 0.2 m.s. duration at
1l second stimulus intervals. The response was measured by Strobe
unit. (Direct reading control coupled to electronic index or
traces reads to nearest 0.1 m.s.) The distance was measured in
centimeters between stimulus points by metal tape measure.

Ulnar. The active (different) electrode was placed over the
estimated motor point at mid muscle belly of the abductor digiti
quinti. (At times the point of maximum visual response to stimulus
was determined for placement of active electrode). The reference
electrode was placed at the base of the little finger (lateral
palmar). The ground electro was placed over the hyperthenar eminence.
The nerve was stimulated 1 c.m. proximal to the volar wrist crease
slightly radial to the flexor carpi ulnaris tendon and 1 c.m.
proximal to the medial epicondyle of the humerus.
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‘A conduction study was performed on the ulnar nerve
referred to as a conduction velocity of the slow fibers (CVSF)
of the ulnar nerve developed by Seppalainen (1971) as a modi-
fication of the method first described by Hopf (1962). The
technique is described by Seppalainen and Hernberg (1972).

The active, reference, and ground electrode are placed as in
description of MCV of the ulnar nerve. Stimuli are provided

to the proximal and distal stimulus point. The proximal stimu-
lus is sufficiently delayed to allow two successive muscle
responses. The interval is then gradually shortened until

the second response begins to decrease in amplitude. The delay
time is measured by Strobe, 1 m.s. (the refractory period of
the nerve fiber or amount determined by refractory study) is
subtracted. The conduction time is then calculated by dividing
the distance by the resultant.

A visual evaluation of the refractory period was performed.
Templates were not prepared. The refractory period o0f0.8, or
1.2 were used instead of 1 m.s. when very obvious residual
alterations could be seen in the display of evoked potentials
on approximation of paired stimuli. -

Nerve conduction velocity is known to vary with neuro-
muscular temperature. The relationship is direct with a change
of about 2.4 m.s. for every degree centigrade change in tempera-
ture. This factor should be considered when a moderately slow
NCV is found. ©Notations were made for the last fifty cases
examined regarding any temperature alterations distally in the
lower extremities.

The results of both the EMG and Nerve Conduction Studies
were recorded on the form shown in Figure 15.
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Name ID.#

AGE:

SEX M F

DATE :

TIME: AM PM

RIGHT LEFT

NERVE CONDUCTION STUDIES

UlnarNerve Motor

Proximal motor latency

Distal Motor latency (4 msec.)

Distance

MNCV (50~65 m/sec.)

UlnarNerve Slow Fiber

Delay

Refractory Period

Resultant

Distance

C. V. (40-45 ms)

PERONEAL NERVE MOTOR

Proximal motor latency

Distal motor latency

Distance cm

MNCV (40-60 m/s)

ELECTROMYOGRAPHY : Monopolar

Rt.| Lt. Anterior Tib.

Ext. Communis

Figure 15 Form used to record results of electrodiagnostic

examinations.
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Appendix F
Rating Forms Used to Summarize

Neurological and Electrodiagnostic Examinations
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Rating Scale for Symptoms and Neuroloéical Examination

Patient's Name

TI. Symptoms

None relevant to polyneuropathy

Symptoms possibly relevant but
variable or uncertain

Symptoms characteristic of
polyneuropathy

Highly indicative and specific
symptoms

Exam Date

(0)
(1)
(2)
(3)

Score

Total Symptoms

Please check the most appropriate
blank under each major heading.

II. ©Neurological Examination
1. Fasciculations

2. Muscle strength (check one)

Normal

Grade 4 strength, one muscle group

Grade 4 strength, multiple or
bilateral

Grade 3 strength, one muscle group

Grade 3 strength, multiple or
bilateral

Grade 2 strength or less

3. Reflexes (check one)
“Normal
One reflex diminished, unilateral
or bilateral
One reflex lost, bilateral
Multiple reflexes lost

4. Sensory Exam
a. Vibration Sense (check one)

Normal

Vibration diminished, one
area bilateral

Vibration diminished, two
limbs bilateral

Vibration lost, one or more
areas bilateral
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No(0) __ (Yes) (1)

(0)
(1)

(2)
(3)

(4)
(5)
(0)
(1)

(3)
(5)

(0)
(1)

(2)

(3)




b. Position Sense (check one)
Normal
Position sense decreased, one
area bilateral
Position sense decreased, two
limbs bilateral
Position sense lost, bilateral

c. Other Sensory (check one)

Normal

Impairment of pin, touch,
temperature, or two point
discrimination, one limb or
one neurological distribution

Impairment of pin, touch,
temperature, or two point
discrimination, bilateral or

(2)

Score

multiple (3)
5. Motor Exam
Normal (0)
Atrophy, bilateral or multiple (4)
Total
Neurological
Exam
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Rating Scale for Electrodiagnostic Studies

Patient's Name

Exam Date

Positive Waves

None
Positive Waves (1 + or more) in one
or more muscles

Fasciculations

None
Fasciculations (1 + or more) in one
or more muscles

Fibrillations

None
Fibrillations (1 + or more)

Abnormal Motor Unit Potentials

None

Abnormal motor unit potentials (MUP's)

or decreased number of potentials

Multiple Muscle Involvement

None

Multiple muscle involvement with
abnormalities other than positive
waves

C. V./Latencies

Normal C. V. and latencies

Borderline distal latency or
conduction velocity

Increase in distal latency

Decrease in conduction velocity
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(0)
(1

(0)
(1)

(0)
(2)

(0)
(3)

(0)
(2)
(0)
(3)

(4)
(5)

Score

Total
Electrodiagnostic
Score




Appendix G

Description of Procedures Used in

Behavioral Testing
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Description of Procedures Used in Behavioral Testing

Workers were scheduled for behavioral testing during one of
six two-day testing periods. The actual scheduling of subjects
was carried out by either union or management personnel. Every
effort was made to schedule participants at a time convenient
to their normal schedule, although for all participants, other
than management personnel, testing was done on the individual's
own time. Individuals were not paid for participation.

Testing Procedure. Upon entering the testing facility (union
hall or plant conference room), the participant was greeted by

one of the researchers. He was asked to have a seat and complete
a pretest questionnaire,until all participants for that session
had arrived. Normally there were four participants per testing
session. After all participants had arrived,an opportunity was
given for anyone to ask questions concerning the purposes and
procedures of the project. The most frequently asked question
dealt with procedures by which participants would be notified as
to the results of the study.

Once all questions were answered, the testing began. The
total time required was about 90 minutes. Figure 16 depicts the
usual sequence of testing when four persons were being tested.

The initial period (25 minutes) was spent with those items listed

in the center of Figure 16 . These were group administered by a
single test administrator. After this initial group phase, two

' tests were administered which could be administered two at a

time. For example, Administrator A would give the Santa Ana to

Workers 1 and 2 while Administrator B would give the Simple and

Choice Reaction time test to Workers 3 and 4. Then Administrator

B would give the Santa Ana to Workers 3 and 4 while Administrator

A gave the reaction time tests to Workers 1 and 2. Following this

pairwise administration, the remaining tests were all individually

administered. While one worker in a palir was being tested, the

other would wait. Waiting time was reasonably short and this

did not present any problems in terms of reactions of participants.

The test scores for each participant were recorded on the
answer sheet shown in Figure 17 .

Instructions for administering individual tests are presented
in the following pages.
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Worker 1 Worker 2
3%
s'cw““a
Que”
b;gest pes>*
po® Yapd‘ ,
wat®
G
T3
aﬁtioﬂ
Re
D{O? &63—0
co¥°
an
Lt S0
AVEe CX?
Simple/Choice Reaction Timel 8
$anta Ana Finger Dexterity1
20
Pre-Test Questionnaire
| Feeling Tone Checklist
Neisser Letter Search
Digit Symbol
(25 Minutes)
20
Simple/Choice Reaction Timel
Dy Santa Ana Finger Dexterityl 5
0
10

Worker 3 onrker 4

1 . . .
Tests that were administered to two workers at a time.

2post-test Questionnaire was self-administered and required approximately
two minutes to complete.

Figure 16 Format of Testing Sessions
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Instructions for Feeling Tone Checklist

Hand the Feeling Tone Checklist to the subject and say:

This questionnaire is called the Feeling
Tone Checklist. Look at the instructions
while I read them aloud.

Below are listed ten statements that might
be used by a person to describe how he feels.
Read each of the statements and indicate in
the space provided whether you feel Better
Than, the Same As, or Worse Than the
statement.

As an example, assume that at the present
time you feel "a little tired." You might 1
answer the items below as follows: Worse i
than extremely fresh, the same as slightly
tired, but better than completely exhausted. |

Now, in the space provided below, indicate
whether at this moment you feel better than,
the same as, or worse than each of the
statements, by putting an X in the proper
column.
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Instructions for Reaction Time Test

Have the S sit in the chair before the reaction time apparatus.
Give the following instructions.

This test is used to determine how gquickly
you can respond to a light signal. This is
what you are to do. Rest the index finger
of your preferred hand on the ready key in
front of you. When you see a light come
on, press the button under that light and
return your finger to the ready key.

I will always alert you before the light
comes on by saying "Ready." Any questions?

J

Answer any questions the S may have. Make sure the S's finger
is resting on the ready key. Set the indicator on "Green."

First, we will make some trials
using only the green light.
Remember, try to react as quickly
as you can. Ready!

Pause from 2 to 8 seconds and then activate the control switch.
Record the time. Return the timer to "0." Repeat for a
total of 6 trials. Now turn the indicator to "white."

Now we will try only the white
light. Remember, try to react as
quickly as you can. Ready!

Proceed as above, for a total of 6 trials. Then do the same for
the red and blue light. Always be sure to set the indicator

on the appropriate color and return the timer to "0" after each
trial.

Now we are going to do some more
trials, only I will not tell you
which color is going to come on.
However, I will still alert you
as to when to look for a light by
saying, "Ready." Any questions?

125



Again, answer any questions the subject may have. Check to see

that the S's finger is resting on the ready key.

Remember, try to react as
guickly as you can. Ready!

Make 20 trials varying the order of colors as follows. Record
the time after each trial.
Random Order 1
1 white 6 white 11 blue 16 white
2 blue 7 blue 12 red 17 green
3 white 8 green 13 white 18 green
4 red 9 green 14 red 19 red
5 blue 10 red 15 green 20 blue
Random Order 2
1l red 6 green 11 green 16 green
2 white 7 green 12 green 17 blue
3 blue 8 blue 13 white 18 red
4 red 9 red 14 blue 19 white
5 red 10 blue 15 white 20 white
Random Order 3
1 red 6 green 11 blue 16 white
2 green 7 green 12 red 17 green
3 white 8 red 13 white 18 blue
4 blue 9 red 14 white 19 blue
5 green 10 red 15 blue 20 white
Random Order 4
1 red 6 white 11 white 16 green
2 red 7 green 12 red 17 red
3 blue 8 blue 13 white 18 white
4 green 9 red 14 blue 19 blue
5 green 10 green 15 white 20 blue
Random Order 5
1 blue 6 white 11 red 16 green
2 red 7 blue 12 white 17 red
3 blue 8 green 13 red 18 blue
4 red 9 white 14 green 19 white
5 white 10 blue 15 green 20 green
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Instructions for the Drop Reaction Time

Attach the recaction time device to any vertical surface with the
"start" indicator slightly above eye level (approximately
44 inches above the floor). Seat the S before the device.

This is a simple reaction time test
to determine how quickly you can
react to a visual signal. Place
your preferred hand, palm flat,
here with the large joint in your
thumb on this thumb rest.

Assist the S in placing thumb properly if necessary. Do not
allow the thumb to actually touch the ruler.

When I drop this plastic ruler, you
will stop it by placing ycur thumb
against it as soon as you see it
begin to fall. I will always alert
you as to when I will drop the ruler
by saying "Ready". Sometime after
that, I will drop the ruler and you
should press your thumb against it,
to stop it as quickly as possible.
We will repeat this several times,
If you become tired, let me know
and we'll rest., Any questions?

Answer any questions the subject may have.

Ready!

Pause from 2 to 8 seconds before releasing the ruler. Record
S's time on the record form. Run a total of twenty trials,
disallowing any trials where the S reacts prematurely, allows
the ruler to drop to the floor, or slows the fall of the ruler
by allowing the thumb to touch it.
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Instructions for Santa Ana Board

Have the S sit in a chair before the Santa Ana Board. The
board should be on a table of normal height. Give the
following instructions.

The purpose of this test is
to measure how rapidly you
can rotate the pegs in this
board. Your task is to turn
the pegs like this.

Demonstrate the task by turning the first four pegs 180°.

The peg must always be raised a little from
the hole, because the lower part of the peg
is square. You can try it by turning back
the pegs that I have turned.

Now, using your right hand, start in the
upper left hand corner. Work across the
top row, then drop down to the next row and
move back across from right to left, and so
on. Continue until I tell you to stop.

Try to work as fast as possible since speed
is important. If you drop a peg, let it

be and continue with the task. Any
questions?

Answer any questions the S may have, making sure he understands
what he is to do.

Begin now!

Begin the stopwatch. Allow 30 seconds for each trial. If there
is a break in performance due to some general disturbance
(falling of pegs, etc.) make another grial. gf the S makes o
casual errors (i.e., turning a peg 45 or 360  instead of 180")
let it be, but if he systematically turns the pegs wrong, show
him once more how to do the task and allow another trial. If the
S tries to correct casual errors, tell him to let it be and
continue.

After 30 seconds say:

Stop!
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Count the number of pegs correctly turned and enter this number
on the record form. Return each peg to its original position.

Now you are to do the same thing,

only with your left hand. This time
begin in the lower left corner.

Work across the row; move up to the
next row and work back to the left,

and so on. Continue until I tell you
to stop. Try to work as fast as
possible, since speed is important.

If you drop a peg, let it be and
continue with the task. Any questions?

Answer any questions the S may have, making sure he understands
what he is to do.

Begin now!

Follow the same procedure as above. After 30 seconds say:

Stop!

Count the number of pegs correctly turned and enter this number
on the record form. Return each peg to its original position.

Now once more with
the right hand.

Proceed as before.

And now with the
left again.

Proceed as before.

Santa Ana - Page 2
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Now I am going to put the
board in a new position
because you are to turn the
pegs with both hands simul-
taneously, like this,.

Place the board in the new position where the S is looking down
the length of the board. Stand at the end of the board and
demonstrate the task by turning the first three pairs of pegs
in the outer row. Then have the S§ take your place at the board.

You can try it by turning these
pegs back to the original
positions.

Start with the outer rows and
work upwards and continue back
down with the pegs in the inner
rows until I tell you to stop.
Try to work as fast as possible
since speed is important. If
you drop a peg, let it be and
continue with the task. Any
guestions?

Answer any questions the S may have, making sure he understands
what he is to do.

You may begin now.

Allow 30 seconds, then say:

Stop!

Count the number of pegs turned correctly and record this number
in the record book.

Santa Ana - Page 3
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Instructions for the Neisser Letter Search

Present the Neisser booklet to the subject. Do not allow him
to open the booklet until you instruct him to do so.

In this booklet you will see columns of
groups of five letters. Ior this task,
I want you to look for a letter that I tell :
you. For example, if you are told to look |
for the letter A, put a check next to each |
group that contains an A.

|
)
|

Demonstrate this task on sample page of booklet.

Work down the columns as quickly as you
can, without missing any target. You will
have 20 seconds to search for as many
targets as you can. When I say "stop",
draw a line under the last item you looked
at, not the last item you checked. Any
questions? The target for this first
trial is the letter D (M). Ready. Begin.

Begin the stopwatch. Allow 20 seconds for the trial.

STOP.

Allow a 30 second rest period between trials.

Now, when I say begin, turn to the next
page and follow the same procedure. Only
this time you will be looking for a
different letter which I will tell you in
a moment. Any questions? The target for
this trial is M (D). Ready. Begin.

Begin the stopwatch. Allow 20 seconds.
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This time, you will be looking for 2(4)
different letters. Put a check next to
each item that has a B or an F (P or Q;

C, R, G, or Z; H, V, J, or T). No 2(4)
target letters will occur in the same line.
Again, work down the columns, checking
each item for all targets before moving to
the next item. Any questions? Ready.

Turn to the next page and begin.

Follow this procedure for each of the 2-target letter trials and
each of the 4-target letter trials. Allow 30 seconds for each
trial and 30 seconds between trials. Be sure the subject knows
which letter he is looking for and that he begins each test on a
new page.

Scoring: An item is incorrect if a target was missed or
an item was incorrectly checked.

Convert number correct into a time per item
measure.

Neisser booklet - page 2
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Instructions for Digit Span (WAIS)

Digits Forward

Start with the Trial 1 of Series 3 for all subjects.

I am going to say some
numbers. Listen carefully,
and when I am through, say
them right after me.

In any series, if the subject repeats Trial I correctly, proceed
to the next higher series. If the subject fails Trial I, give
Trial ITI of the same series, then proceed to the next series

if he passes. The second trial of a series is given only if the
first trial is failed. Discontinue after failure on both trials
of a given series.

Series Trial I Trial II
(3) 5-8-2 6-9-4
(4) 6-4-3-9 7-2-8-6
(5) 4-2-7-3-1 7-5-8-3-6
(6) 6-1-9-4-7-3 3-9-2-4-8-7
(7) 5-9-1-7-4-2-8 4-1-7-9-3-8-6
(8) 5-8-1-9-2-6-4-7 3-8-2-9-5-1-7-4
9) 2-7-5-8-6-2-5-8-4 7-1~3-9-4-2-5-6-8

Scoring : The score is the number of digits in the longest
series repeated without error in Trial I or II.

Maximum score: 9
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Digits Backward

Now I am going to say some more
numbers, but this time when I
stop I want you to say them
backwards. For example, if I say
"7-1-9" what would you say?

If the subject responds correctly, say "Here are some others"
and proceed with the test beginning with Trial I of the 3-digit
Series.

If the subject does not reply correctly or fails to understand,
give the right answer and another example, saying "Remember

you are to say them backwards: 3-4-8." If the subject succeeds
this time, proceed with the test using Trial I of the 3-digit
Series. However, if he fails the second example, proceed with
the test by giving Trial I of the 2-digit Series. If a subject
passes an example but fails both trials of the 3-digit Series, -
go back and give the 2-digit Series, then discontinue the test.
Discontinue after failure on both trials of a given series.

Series ' Trial I Trial II
(2) 2-4 5-8
(3) 6-2-9 4-1-5
(4) 3-2-7-9 4-9-6-8
(5) 1- 5-2-8-6 6-1-8-4-3
(6) 5-3-9-4-1-8 7-2-4-8-5-6
(7) 8-1-2~-9-3~6-5 4-7-3-9-1-2-8

(8) 9-4-3-7-6-2-5-8 7-2-8-1-9-6-5
Scoring: The score is the number of digits in the longest
series repeated backwards without error in Trial I or II.
Maximum score: 8

Total Score for the Digit Span Test: Sum of scores on
Digits Forward and Digits Backward.

Maximum score: 17

Digit Span (WAIS) - Page 2
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Instructions for Digit Symbol (WAIS)

Place the test before the S and, pointing to the key and samples
as appropriate, say:

Look at these boxes. Notice that
each has a number in the upper part
and a mark in the lower part.
Every number has a different mark.
Now look here where the upper
boxes have numbers but the squares
beneath have no marks. You are to
put in each of these squares the
mark that should go there, like
this. Here is a 2, so you would
put in this mark. Here is a 1, so
you put in this mark. Here is a
3, so you put in this mark.

Write in the first three symbols as demonstration, then provide
subject with a pencil and have him complete the seven remaining
items of the sample. Point to the line separating the samples
from the test proper and say:

Now vou do it for these numbers
as far as this 1line.

If subject does not grasp the task, help him with more items
until the ten sample items have been completed. After the
demonstration and practice, point to the first square following
the samples and say:

Now, when I tell you to begin,
start here and fill in as many
sguares as you can without
skipping any. Ready, begin!

Allow 90 seconds. Start timing when the S is told to begin.
If a subject starts to omit squares or to do only one type of
figure, say "Do them in order and don'‘t skip any."
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Seat the S
apparatus.

Record the

Instructions for Critical Flicker Fusion

in the chair before the Critical Flicker Fusion

Give the following instructions.

This test is used to determine at what
point you can detect when a steady light
source begins to flicker. This is what
you are to do. Place your left hand on
the large black dial to your left. Now,
put your eyes to the viewer in front of
you. You should see an illuminated spot.
Now rotate the dial. What do you see?
(S should see steady dot and flickering
dot as he turns back and forth.) Now I
am going to return the dial to zero.
Now, (slowly) turn the dial until the
light begins to flicker or shimmer. At
the point at which the light begins to
flicker, remove your hand from the dial,
but keep your eyes to the viewer.

"hertzs" indicated on the dial. Return the dial to

the upper limit.

Return the

Now do it again.

"hertzs" indicated and return the dial to the

upper limit.

Now, let the S rest for a moment.

And now, again.

of the scale.

Set the dial at the low end

Now, place your hand on the dial

once again and put your eyes to the
viewer. You should see the illumi-
nated spot once again and it should

be flickering. (Slowly) Turn the

dial until the light stops flickering.
At the point at which the light stops
flickering, remove your hand from the
dial, but keep your eyes to the viewer.
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Record the "hertzs" indicated on the dial. Return the dial to
the lower limit.

Now, do it again.

Record the "hertzs" indicated and return the dial to the lower
limit.

And now, again.

Critical Flicker Fusion - 2
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Directions for Block Design (WAIS)

Start with Design 1 for all Shs. Take four blocks and say:

You see these blocks. They are all
alike. On some sides they are all red;
on some, all white; and on some, half
red and half white.

I am going to put them together to make
a design. Watch me.

Arrange the four blocks slowly into the design shown on Card 1,
without exposing Card 1 to the subject. Then, leaving the
model intact, give four other blocks to the subject and say:

Now, make one just like this.

Occasionally, a subject will try to duplicate the examiner's
model exactly, including the sides. When this occurs on Design 1,
tell the subject that only the top needs to be duplicated. If
the subject successfully completes the design within the time
limit, score 4 points and proceed to Design 2.
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If the subject fails to complete the design within the time limit
or arranges the blocks incorrectly, pick up his blocks, leaving
the examiner's model intact, and say "Watch me again."

Demonstrate a second time using subject's blocks, then mix them
up, still leaving the examiner's model intact, and say:

¢

Now, you try it and be sure to make
it just like mine.

Whether subject succeeds or fails on this trial, proceed to
Design 2.

Now, remove the blocks that served as model for Design 1 and put
in their place the card marked "2".
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This time we are going to put the
blocks together to make them look
like this picture. Watch me first.

Construct the design slowly, giving the subject the opportunity
to see that it duplicates the design cn Card 2. Then mix up the
blocks used in the demonstration and place them before the
subject.

Now look at the picture and make one
just like it with these blocks. Go
ahead and tell me when you have
finished.

If the subject is successful on this trial, proceed to Design 3.
If he fails, demonstrate a second time, saying "Watch me again."
After making the design, mix up the blocks and say "Now try it."
Whether or not the subject succeeds on the second trial, proceed
to Design 3.

Place the card for Design 3 before the subject and provide him
with four blocks.

——

Now make one like this. Tell 2
me when you have finished. i

When the subject indicates he has finished or at the end of the
time limit, mix up his blocks and present Design 4.

Now make one like this. Go
ahead; let me know when you have
finished.

Follow this procedure for all succeeding designs. When Design 7
is reached, take out the five other blocks.

Now make one like this, using
nine blocks. Be sure to tell
me when you have finished.

Block Design (WAIS) - Page 2
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Proceed with Designs 8, 9, and 10. For Design 10, do not permit
the subject to rotate the card to give the design a flat base.
However, give full credig if his reproduction of the design is
rotated not more than 45°.

Time Limits

60 seconds (Time each trial separately)
60 seconds
120 seconds

Designs 1-2
Designs 3-6
Designs 7-10

Record time taken for the subject to complete each design if it
is done correctly within the time limit; bonuses are given for
rapid performances on Designs 7-10.

Discontinue

After 3 consecutive failures. Failure on both trials of either
Design 1 or Design 2 is considered one failure.

Scoring

Designs 1-2: first trial, 4 points each; second trial, 2 points each
Designs 3-6: 4 points each.

Designs 7-10: 4 pcints for successful completion of each design;

Scores
No credit

see table below for scores with time bonuses included.
are based on correct solutions within the time limit.

is given for partially correct or incomplete designs.

Maximum score: 48

Scores for Designs 7-10 with Time Bonuses Included

Points with Time Bonus

Design 4 5 6
41"-120" 31"-40" i"-30"
71"-120" 46" -70" 1"~ 45"
81“_120" 61"_80" lll_60"

10 81"~-120" 61"-80" 1i"-60"
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Instructions for Farnsworth Dichotomous

Test of Color Blindness

Prior to administration of the test, the color caps No. 1-
No. 15 should be arranged in a row in random order in the top
rack. Take care that the worker does not see the numbers on the
bottom of the color caps. Place the case so that the inclined
tray is nearest the worker and the fixed (or reference cap) is
at his left. Then say:

The object of the test is to arrange the color caps
in order according to color. Take the cap from this panel
(indicate) which looks most like this cap (point to the
reference cap) and place it here (indicate the space next
to the reference cap). Then take the cap which looks most
like the one you moved and place it next in line, and the
cap that is most like that and place it third in line and
so on. Continue doing this until all caps are arranged
in order.

If the worker does not seem to understand the instructions,
then repeat them. After each colored cap is placed, it may be
necessary to say:

Now, which of these buttons (indicate) 1is most like
the last one (indicate)?

Individuals should be given as much time as needed to complete
the task. If an individual rushes through the test he should be
given a chance to review the sorting to be sure that they are
"all in order." Most people will complete the test in 1-2 minutes.

To score the test close the cover, turn the can over and
then reopen it. Record the scoring numbers on the bottom of
each cap in order starting with the reference cap.

Interpretation of the results should be done by referring to
the test manual. If all caps are in sequential order, the score
is "Pass." 1If there are deviations from this order,the response
pattern should be plotted on the standard answer sheet to determine
if the errors are consequential.
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Appendix H

Medical History Data by Sample Subgroup
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Appendix I
Regression Equations Used to Generate Expectancy Charts

for Neurological Criteria
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(1) Total Neurological Score = 4.137 ~-0.148 * SRT +0.245 * CRT

-0.266 * SAR -0.059 * BD +0.006 * EXP_1 -0.029 * EXP_3

(2) Electrodiagnostic Score = - 2.686 +0.026 * DRT -0.135 * SAR
+0.046 * AGE +0.008 * EXP_1 +0.162 * EXP 2

-0.054 * EXP 3

(3) Neurological Score = 1.775 -0.111 * SRT +0.140 * CRT

-0.134 * SAR -0.003 * EXP 1
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Appendix J
Regression Equations Used to Generate Predictions of

NHealth Criteria

155



(1) NHealth 1% = 0.109 +0.008 * CRT -0.019 * SAR -0.169

* NEIS +0.005 * AGE +0.001 * EXP_1

~0.004 * EXP 3

(2) NHealth 2° = -0.089 +0.007 * CRT -0.019 * SAR +0.010
* AGE +0.001 * EXP 1 -0.015 * EXP 5

+0.027 * EXP_6

4 NHealth 1 1 when Total Neurological Score 5

b NHealth 2 1 when Total Neurological Score 3
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